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Using  dynamic  conditional  correlations  and  network  theory,  this  study  brings  a novel  interdisciplinary
framework  to define  the  integration  and  segmentation  of  emerging  countries.  The  individual  EMBI+
spreads  of 13  emerging  countries  from  January  2003  to  December  2013  are  used  to  compare  their interac-
tion  structure  before  (phase  1) and  after  (phase  2) the  global  financial  crisis.  Accordingly,  the  unweighted
average  of  dynamic  conditional  correlations  between  cross  country  bond  returns  significantly  increases
in phase  2.  At  first  glance,  the  increased  co-movement  degree  suggests  an  integration  of  the  sample
countries  after  the crisis.  However,  using  correlation  based  stable  networks,  we show  that  this  is not
enough  to  make  such  a strong  conclusion.  In  particular,  we reveal  that  the  increased  average  correla-
tion  is more  likely  to be  caused  by clusters  of  countries  that  exhibit  high  within-cluster  co-movement
but  not  between-cluster  co-movement.  Potential  reasons  for  the  post-crisis  segmentation  and  important
implications  for international  investors  and  policymakers  are  discussed.
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. Introduction
The integration of financial markets lies at the heart of the asset
nd risk management, especially for the investors who are looking
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to diversify their portfolios internationally and policymakers try-
ing to maintain financial stability. Unfortunately, analysis of market
integration is a challenging process; though they are structurally
different, contagion at a global scale can be confused with finan-
cial globalization as both have a tendency to raise correlations
among assets. On top of this, the ongoing structural changes in the
world economy and financial architecture, including technological
improvements and innovative financial products, raise this com-
plexity even further. Although it is a complex process, the effects
of integration on investment choices and policy actions are cru-
cial, thus necessary attention should be devoted while performing
analysis and making decisions.

One of the problem faced in many academic studies is that the
terms integration and contagion cannot be strictly differentiated
in technical terms. At a fundamental basis, an accepted view in
the literature belongs to Forbes and Rigobon (2002) where authors

define contagion as a significant increase in correlation during the
periods of turmoil. Accordingly, if the correlation does not increase
significantly in turbulent times, then any continued high level mar-
ket co-movement suggests strong real linkages that can be called

dx.doi.org/10.1016/j.jfs.2016.06.009
http://www.sciencedirect.com/science/journal/15723089
http://www.elsevier.com/locate/jfstabil
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regimes. EMBI+ spread data is more robust since the sovereign
debt instruments used in this data fulfill very strict requirements
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nterdependence. In this study, we also have a similar approach,
.e. while we call markets are interdependent when they have long-
erm high correlations, contagion is defined as high however, short
ived correlations.1

During the last two decades, increased financial and economic
ntegration amplified the correlations between developed markets

hich diminished the benefit of diversification and led investors to
eek alternative investment opportunities. With the help techno-
ogical innovations, in a more globalized financial system, emerging

arkets (EMs) have attracted the attention of investors who would
ike to diversify their portfolios. Consecutively, EMs  sovereign debt
ecurities, one of the main instruments of funding, have become
n important instrument as an asset class for investors. Before
000s, attributable to high volatility in shallow markets, interna-
ional investors were reluctant to invest in EM bonds. Indeed, once
rb et al. (2000) described EM bonds as assets with small rela-
ive market capitalization and limited liquidity, and that are highly
olatile and negatively skewed. However, the credit quality of EMs
as enhanced as many emerging countries have made improve-
ents to their fiscal positions and banking systems since then. The

nvestment grade percentage in J.P. Morgan’s Emerging Markets
ond Index (EMBI) was only about 40% in 2007 and became roughly
3% at the end of 2013. After the recent global financial crisis, there
as been abundance in liquidity in markets and nominal short-term
ates were close to zero in developed markets, with real rates stuck
n negative territory while longer dated instruments were offering
ery little return. As a result more and more investors were look-
ng for fixed income alternatives like EM sovereign bonds. While
merging market yields have also fallen in this period, yields offered
ere still well above the developed markets and risk appetite of

nvestors has increased parallel to liquidity provided by quantita-
ive easing operations.

In line with the shift in investors’ perception of emerging mar-
ets as a viable investment opportunity, small, albeit increasing,
umber of papers examined the integration of bond markets,
overeign bond markets in particular. For example, Cifarelli
nd Paladino (2006) analyzed the dynamic relationship between
overeign bond spreads of 10 EM countries located in Asia and
atin America from October 1999 to April 2002 and found out
hat conditional co-variations increase in periods of turbulence
nd subsequently subside and describe this as a kind of tem-
orary contagion. Bunda et al. (2009) analyzed roles of external
actors on co-movements in EMs  and tried to find evidence of
ontagion and common external shocks by using the data of 18
ountries bond spreads over the period of March 1997 to end of
ctober 2008. They showed that before the global financial crisis,
verage correlations were low and decreasing, though some pair-
ise correlations were high. Based on this results, they suggested

hat bond markets were not unimodal but there were subgroups
haracterized by high within-group movements. They also ana-
yzed the period after September 2008 and observed increase
n correlations which they interpreted as diminish of investors’
iscrimination across EMs. Jaramillo and Weber (2013) investi-
ated the global spillovers into EM bond markets for 26 emerging
conomies between years 2007 and 2013. According to their
esults, domestic bond yields were influenced mainly by global risk
ppetite and liquidity conditions, and vulnerability of EMs  to these
wo factors is not uniform but rather depends on country specific

actors.

In contrast to the number of studies analyzing integration of EM
ond markets; there are quite many studies that investigate the

1 However, the technical approach to differentiate integration and contagion is
ompletely different than that of Forbes and Rigobon (2002) and will be introduced
n  Section 2 later.
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determinants of EM bond pricing. As a pioneer study, Eichengreen
and Mody (1998) found that the same explanatory variables
had quite different effects on different types of borrowers. They
suggested that shifts in market sentiment (rather than shifts
in macroeconomic fundamentals) truly explains the changes in
spreads over time. McGuire and Schrijvers (2003) concluded that
common forces account for the one third of the total variation in
spreads and a single common factor explains approximately 80% of
the common variation. Uribe and Yue (2006), Juttner et al. (2006),
Ozatay et al. (2009), Kennedy and Palerm (2014) analyzed the influ-
ences of external/global versus domestic variables on EMBI spreads
and suggested that much of the movements were explained by
external conditions, whereas differences in spreads were related
to the dissimilarity in country specific fundamentals. Baldacci et al.
(2008) found that political risk factors and fiscal position of emerg-
ing countries played a significant role in EM bond pricing. Hilscher
and Nosbusch (2010) added volatility of fundamentals into consid-
eration and found that variation in country fundamentals explain a
large share of variation in EM sovereign debt prices. Hartelius et al.
(2008) showed that the Fed can play a role in reducing the risk in
EMs  and asserted that a clear communication strategy by Fed may
guide investor expectations. Bellas et al. (2010) and Csonto and
Ivaschenko (2013) disentangled spreads into short and long term
effects and found that in the long-run fundamentals were more sig-
nificant while global factors were the main determinants of spreads
in the short-run. Comelli (2012) emphasized that the contribution
of the explanatory variables might change across time and regions
by giving the reasoning of over-time and across different emerg-
ing economies, investors did not always assign the same weight to
domestic and external factors when selecting bonds to hold in their
portfolio.

The above literature shows that there is a vast amount of studies
on determinants of EM bond pricing, however, the studies on EM
bond market integration stay relatively limited. This paper tries to
fulfill this gap by investigating the integration and segmentation2 of
EM bond markets using individual EMBI+ spreads of 13 emerging
countries from January 2003 to December 2013. Our study con-
tributes to the literature in at least three ways. Firstly, the data
used in this study cover the period between 2003 and 2013, letting
financial crisis in 2008 stays at the middle. So that equal weight
has been given to the pre- and post-crisis periods in comparison.
Secondly, the literature that analyzed the determinants of bond
spreads or financial contagion used a range of different method-
ologies such as principle component analysis, panel data analysis,
co-integration and vector error correction models, however the
correlation based network analysis employed in the paper is rel-
atively new, and to the best of our knowledge, only a simpler
version has been used in the work of Sensoy et al. (2015) before.
Third the co-movements in EMs  mostly examined by using stock
markets or exchange rates, however sovereign bond markets con-
stitutes a topic of little empirical investigation. With this paper, we
would like to broaden the topics analyzed under EM bond market
integration. Besides, while EM stock markets may  differ by their
market capitalization, liquidity and investor base. Moreover, their
currencies may  be heavily manipulated due to their exchange rate
2 In finance literature, market integration occurs when prices among different mar-
kets follow similar patterns over a long period of time. Group of prices often move
proportionally to each other and when this relation is very clear among different
markets it is said that the markets are integrated. Market segmentation refers to the
aggregating of markets into sub-groups (segments) that have common properties
and will respond similarly to positive/negative external shocks.
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DCC.
However, Aielli (2013) demonstrates that such model specifi-

cation produces quite a high bias and the estimation of Q by this
A. Sensoy et al. / Journal of Fin

n terms of liquidity and maturity, and attract more institutional
nvestors.

Our analysis shows that the EMBI+ spreads of the emerg-
ng countries in our study has a higher collective co-movement
egree after the global financial crisis. However, the increased co-
ovement degree is not due to the group integration of the sample

ountries but most likely caused by sub-groups of countries that
xhibit high within sub-group co-movement but not between sub-
roup co-movement.

Although the results depend critically on the sample period
sed, i.e., might have been different if the sample extended until a
ore recent date; they indicate that different subgroups of emerg-

ng countries have appeared after the global financial crisis. Our
nalysis shows that geographical factors and budget balance to GDP
atio play important roles in this segmentation, rather than mone-
ary policy rates, net government debt to GDP and current account
eficit to GDP ratios.

Accordingly, one should expect that economic policies that are
ut in action by the biggest policy makers, the Federal Reserve
Fed) and the European Central Bank (ECB), might have different
mpacts on these countries. Furthermore, since these countries
ave become more segmented after the crisis, spillover effects

s expected to be reduced and limited to specific subgroups.
rom an international investor’s point of view, emerging mar-
ets should not be considered as a single asset class as they
iffer substantially, thus diversification opportunities may  still
xist and these fact should be taken into account in portfolio
trategies.

The reminder of the paper is organized as follows. In Sec-
ion 2, the data used for empirical analysis and the methodology
mployed for model construction are presented. Section 3 reports
he results and discussion. Finally, concluding remarks are stated in
ection 4.

. Data and model construction

The main data used in this study is J.P. Morgan’s EMBI+ index
hich is a debt index of emerging markets. It is constructed as a

omposite of the debt instruments such as bradies, eurobonds, and
raded loans issued by sovereigns in U.S. dollars. At first, a daily total
eturn for each single instrument is computed, then for each instru-
ent type, a market-capitalization weighted average of the daily

otal returns is constructed. Finally, the same is done for the three
nstrument types. The result is a composite return for the over-
ll EMBI+ market, measured in basis points over U.S. Treasuries.3

 strict liquidity requirement rule is used to determine inclusion.
nly issues with a current amount outstanding of $500 million or
ore and a remaining life of greater than 2.5 years are eligible for

nclusion in the index and at least 1 year to maturity is required to
aintain in the inclusion.
In our analysis, we use the daily country individual sub-indices

f the overall EMBI+ index. Such choice makes sure that the portfo-
ios we study are priced more correctly, liquid enough and easily be
raded. These sub-indices are obtained from Bloomberg database
nd cover a time period from January 2, 2003 to December 10,
013 (dataset covering the largest number of countries starts in late
002. Therefore, initial point is chosen as the beginning of 2003).
ver this period, fourteen countries; namely Argentina, Brazil,

ulgaria, Columbia, Ecuador, Mexico, Panama, Peru, Philippines,
ussia, South Africa, Turkey, Ukraine and Venezuela are con-
inuously included in this index. Since the case of Argentina is

3 In theory, this spread seeks to compensate investors for assuming a greater risk
remium and expected losses from default. It is a measure of financial fragility and
ulnerability and how investors price those risks.
 Stability 33 (2017) 163–186 165

exceptional (due to its default in 2001) and causes computational
problems in our estimations, it is omitted. Accordingly, sub-indices
belonging to the remaining thirteen countries are subject to our
analysis and their historic values are displayed in Fig. 1.

In this study, the methodology we follow will be mainly based
on the time-varying contemporaneous relationship between the
country individual sub-indices. In particular, a dynamic correlation
analysis will be employed as the first step of our main approach.
The following subsections describe the details.

2.1. Preparation of the data

For each subindex i, we use log-returns ri,t = ln(Pi,t/Pi,t−1) to
obtain the daily changes. Furthermore, we apply an ARMA(P, Q)
filtering for individual returns to account for the serial correlation
and lingering effects of random shocks i.e.

ri,t = �i + εi,t +
P∑

p=1

ϕi,pri,t−p +
Q∑

q=1

�i,qεi,t−q (1)

where AR and/or MA parts are optional and used when necessary.
Let εt = [ε1,t, . . .,  εn,t]′ be the vector of residuals. In the

next step, we  obtain the conditional volatilities hi,t from uni-
variate GJR-GARCH(1,1) process. In particular, we  estimate the
following

h2
i,t = ω + (  ̨ + �Iεi,t−1<0)ε2

i,t−1 + ˇh2
i,t−1 (2)

where � is the leverage coefficient.

2.2. Consistent dynamic conditional correlation

The dynamic correlations between the analyzed variables will
be obtained by the cDCC model of Aielli (2013).4 To consider cDCC
modeling, we  start by reviewing the DCC model of Engle (2002).
Assume that Et−1[εt] = 0 and Et−1[εtεt

′] = Ht, where Et[·] is the con-
ditional expectation on εt, εt−1, . . ..  The asset conditional covariance
matrix Ht can be written as

Ht = D1/2
t RtD

1/2
t (3)

where Rt = [�ij,t] is the asset conditional correlation matrix and
the diagonal matrix of the asset conditional variances is given by
Dt = diag(h1,t, . . .,  hn,t). Engle (2002) models the right hand side of
Eq. (3) rather than Ht directly and proposes the dynamic correlation
structure

Rt = {Q ∗
t }−1/2Qt{Q ∗

t }−1/2,

Qt = (1 − a − b)S + aut−1u′
t−1 + bQt−1,

(4)

where Qt ≡ [qij,t], ut = [u1,t, . . .,  un,t]′ and ui,t is the transformed resid-
uals i.e. ui,t = εi,t/hi,t, S ≡ [sij] = E[utu′

t] is the n × n unconditional
covariance matrix of ut, Q ∗

t = diag{Qt} and a, b are non-
negative scalars satisfying a + b < 1. The resulting model is called
4 A common alternative way of obtaining the time-varying correlations is using
rolling window Pearson correlations. However, we do not prefer this methodology
for  several reasons: Resulting dynamic correlations are heavily autocorrelated due
to  the overlapping windows, and the choice of the window length and the rolling
step can be controversial. More importantly, there is a heteroskedasticity problem
when measuring correlations caused by volatility increases during turbulent times.
These problems are overcomed with the cDCC methodology.



166 A. Sensoy et al. / Journal of Financial Stability 33 (2017) 163–186

Apr.03 Oct.05 Mar.08 Sep.10 Feb.13
   0

 200

 400

 600

Brazil

E
M

B
I+

 (
b

p
s)

Apr.03 Oct.05 Mar.08 Sep.10 Feb.13
  0

100

200

300

400

500

600

700

Bulgaria

E
M

B
I+

 (
b

p
s)

Apr.03 Oct.05 Mar.08 Sep.10 Feb.13

100

200

300

400

500

600

700

Colombia

E
M

B
I+

 (
b

p
s)

Apr.03 Oct.05 Mar.08 Sep.10 Feb.13

 500

1000

1500

2000

2500

Ecuador

E
M

B
I+

 (
b

p
s)

Apr.03 Oct.05 Mar.08 Sep.10 Feb.13

100

200

300

400

500

600

Mexico

E
M

B
I+

 (
b

p
s)

Apr.03 Oct.05 Mar.08 Sep.10 Feb.13

100

200

300

400

500

600

Panama

E
M

B
I+

 (
b

p
s)

Apr.03 Oct.05 Mar.08 Sep.10 Feb.13

100

200

300

400

500

600

Peru

E
M

B
I+

 (
b

p
s)

Apr.03 Oct.05 Mar.08 Sep.10 Feb.13

100

200

300

400

500

600

700

800

Phillippines

E
M

B
I+

 (
b

p
s)

Apr.03 Oct.05 Mar.08 Sep.10 Feb.13

100

200

300

400

500

600

700

800

Russia

E
M

B
I+

 (
b

p
s)

Apr.03 Oct.05 Mar.08 Sep.10 Feb.13

100

200

300

400

500

600

700

800

South Africa

E
M

B
I+

 (
b

p
s)

Apr.03 Oct.05 Mar.08 Sep.10 Feb.13

 100

 200

 300

 400

 500

Turkey

E
M

B
I+

 (
b

p
s)

Apr.03 Oct.05 Mar.08 Sep.10 Feb.13
   0

 500

1000

1500

2000

2500

3000

3500

Ukraine

E
M

B
I+

 (
b

p
s)

Mar.0

 200

 400

 600

Venezuela

E
M

B
I+

 (
b

p
s)

 for in

w
c

Q

w

2

t
l
o
r
a
i
l
v
s

M
P
y

Apr.03 Oct.05

Fig. 1. EMBI+ series

ay is inconsistent since E[Rt] /= E[Qt]. He proposes the following
onsistent model with the correlation driving process

t = (1 − a − b)S + a{Q ∗1/2
t−1 ut−1u′

t−1Q ∗1/2
t−1 } + bQt−1 (5)

here S is the unconditional covariance matrix of Q ∗1/2
t ut .

.3. Passing from correlations to networks

If we consider our framework as consisting of two  main parts,
he first one would be obtaining the dynamic conditional corre-
ation matrix Rt. Following that, the second part is the analysis
f networks constructed by the time-varying correlations. During
ecent years, networks have proven to be an efficient way to char-
cterize and investigate a wide range of complex financial systems
ncluding stock, bond, commodity, foreign exchange and interbank

ending markets.5 Similarly, a correlation based network could be
ery useful in understanding the integration and segmentation
tructure of emerging markets in our case. Such an approach is

5 For example, see Iori et al. (2008), Tola et al. (2008), Tumminello et al. (2010),
inoiu and Reyes (2013), Tabak et al. (2014), Peltonen et al. (2014), Tonzer (2015),

oledna et al. (2015), Kanno (2015) for some of the noteworthy studies in recent
ears.
8 Sep.10 Feb.13

dividual countries.

relatively new in the relevant literature, and we  expect it to provide
noteworthy implications regarding the subject. To be able to follow
our approach, we first give some introductory context:

Suppose that an undirected and unweighted network Nt evolves
in time and includes at most k nodes from the set {n1, n2, . . .,
nk} on any given time step t. At that time t, let some (or all) of
the nodes in the network be connected to each other according to
some t-dependent criterion. As it can be easily understood, in this
construction, the nodes included in the network and the edges con-
necting these nodes need not to be stable and are subject to change
in time. Now, we introduce the following definitions.

Definition 1. Let Nt be a dynamic network described as above.
Let eij be an edge connecting specific nodes ni and nj, and the time
variable t spans the set {t1, t2, . . .,  tm}. Suppose eij appears in the
network s out of m times. Then if 1 ≥ s/m ≥ p > 0, eij is called a p-
stable edge or p-stable connection.6 A network M consisting of
only p-stable connections of Nt is called p-stable network of Nt.
Definition 2. Let Rt be the cDCC matrix defined in Section 2.2. At
time t, let �(t) be the mean of the lower triangular part of Rt, and

6 It is clear that every p1-stable connection is also p2-stable for any p2 ≤ p1 ≤ 1.
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Table  1
Descriptive statistics of the daily changes from 02/01/2003 to 10/12/2013 (2727 observations).

Brazil Bulgaria Columbia Ecuador Mexico Panama Peru

Mean −0.0006 −0.0008 −0.0005 −0.0004 −0.0002 −0.0003 −0.0004
Max  0.2359 0.5228 0.3869 0.3311 0.2160 0.2379 0.6317
Min  −0.1739 −0.5613 −0.4362 −0.7433 −0.1920 −0.3151 −0.703
Std.  dev. 0.0301 0.0533 0.0375 0.0273 0.0362 0.0332 0.0413
Kurtosis 7.56 17.27 15.84 220.04 6.24 9.08 54.41
Skewness 0.51 0.52 0.12 −6.20 0.17 0.01 −0.22
Jarque–Bera 2485.8 23268.0 18749.0 5.3 × 106 1207.9 4200.5 0.3 × 106

ADF −29.7 −35.3 −29.3 −27.2 −29.8 −29.6 −29.6
KPSS  0.27 0.21 0.07 0.14 0.07 0.07 0.09

Philippines Russia S. Africa Turkey Ukraine Venezuela

Mean −0.0005 −0.0003 0.0000 −0.0003 0.0001 0.0000
Max  0.2570 0.3875 0.5330 0.2586 0.9440 0.1537
Min  −0.3296 −0.3153 −0.6440 −0.1972 −1.0198 −0.1927
Std.  dev. 0.0357 0.0382 0.0490 0.0340 0.0478 0.0245
Kurtosis 12.61 11.59 19.86 7.24 143.82 9.14
Skewness 0.13 0.36 −0.25 0.27 −0.06 0.33

32327 6

−33.4
0.08 
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Jarque–Bera 10508.0 8445.8 

ADF  −30.7 −30.9
KPSS  0.03 0.12 

(t) be its standard deviation. A correlation level �ij(t) ∈ Rt is called
-strong if �ij(t) ≥ �(t) + c · 	(t) where the constant c ≥ 0.7, 8

Then, our approach is as follows. For a pre-determined strength
evel c, we construct a dynamic network Nt consisting of nodes
onnected by only c-strong correlations at time t, where nodes rep-
esent the sample countries. Next, for the considered time period,
e construct M;  the p-stable network of Nt. For relatively high p

alues, we can intuitively state that members connected in M are
ntegrated. As c-level is chosen higher, this integration degree gets
tronger.

In the following section, we will study the integration and seg-
entation structure between the selected countries by analyzing

he p-stable connections for several (p, c) values.

. Results and discussion

.1. Descriptive statistics and model estimations

Table 1 presents the statistical properties of the returns. We can
ee that only Ukraine’s spread has positive daily average change
ver the study period. Thus, the spread measured in basis points
ver U.S. Treasuries tend to decrease with various degrees for all
xcept one of the emerging markets in the last decade.

The unconditional volatilities, measured by standard deviations,
eem relatively smaller than others for Latin American countries.
istributions of the daily changes are skewed to the right in gen-
ral, and also all of them exhibit excess kurtosis (fat tails). Skewness
nd kurtosis coefficients indicate that daily changes are far from
ormally distributed. This departure from normality is formally

onfirmed by the Jarque-Bera test statistics that rejects normality
t the 1% level for all return series.

Table 1 also presents the results of the conventional stationar-
ty test for our return series (unit root tests contain a constant).

7 It would be naive to choose a fixed threshold level to determine if a correlation
alue is strong or not. Several studies in the literature have shown that correlations
re time-varying and tend to increase in turbulent times. Therefore, a fixed choice
ould most likely introduce a bias depending on the global conditions. With this

pproach, the threshold level is determined endogenously and updated everyday.
hus, possible bias arising due to changing global conditions is minimized.
8 When c < 0, c-strong correlation levels become below the average. In order to

onsider a reasonable strength concept for correlations, minimum c should be taken
s 0.
.0 2075.7 2.2 × 10 4339.7
−29.7 −29.0 −28.1
0.09 0.18 0.31

Augmented Dickey–Fuller (ADF) test rejects the null hypothesis
of unit root for all the return series at the 1% significance level.
Similarly, Kwiatkowski–Phillips–Schmidt–Shin (KPSS) test cannot
reject the stationarity of the returns at the 1% significance level. All
daily changes are therefore stationary.

The estimation results for the mean equation and the GJR-
GARCH model are presented in Table 2. As mentioned before, some
of the series suffer from serial correlation and the lingering effects
of the random shocks. This situation is validated by the significant
ϕ1 and �1 parameters for these series. Table 2 also shows that the
tail parameter  ̌ is statistically significant for each series, which
confirms the existence of the leptokurtic behavior of the daily
changes. In 7 out of the 14 countries, strong evidence of volatility
asymmetry is observed as the parameter (�) is statistically signif-
icant. Out of these 7 countries, 4 of them belong to Latin America
which emphasizes the asymmetric reaction of the volatility of the
spread series in this region.

3.2. Network analysis

Fig. 2 displays the time-varying mean correlation �(t) obtained
from Rt, and the c-strong correlation levels for different c values.
To see the effects of the global financial crisis on the integration
structure of emerging markets, we  need to split our time interval
as before (phase 1) and after (phase 2) the crisis. The National Bureau
of Economic Research (NBER) identifies December 2007 as the start
of the global recession caused by the financial crisis, and the end
of this recession as June 2009 (http://www.nber.org/cycles.html).
Therefore, we take phase 1 as the time interval between January 2,
2003 and November 30, 2007 (4.9 years). Naturally, phase 2 covers
from July 1, 2009 to December 10, 2013 (4.5 years). Since the dura-
tion of the two  phases are close, data is not exposed to a duration
bias.

Fig. 2 shows that mean correlation fluctuates around higher
levels in phase 2 compared to phase 1: Arithmetic averages of
the mean correlations in phase 1 and phase 2 are 0.47 and 0.55

respectively, and after employing several statistical mean com-
parison tests, we confirm that the second average is significantly
higher than the first one.9 The naive approach would lead us to

9 Same conclusion is still valid when we compare medians. For the time-varying
descriptive statistics of the dynamic conditional correlation matrix Rt ,  refer to
Appendix A.

http://www.nber.org/cycles.html
http://www.nber.org/cycles.html
http://www.nber.org/cycles.html
http://www.nber.org/cycles.html
http://www.nber.org/cycles.html
http://www.nber.org/cycles.html
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Table  2
Parameter estimates for the mean-variance equations and the driving parameters of the cDCC process.

� ϕ1 �1 ω × 104
 ̨  ̌ �

Brazil −0.0006 – – 0.2955*** 0.1283*** 0.8830*** −0.0941***

(0.262) – – (0.003) (0.000) (0.000) −0.002
Bulgaria −0.0007 – −0.2755*** 0.3701*** 0.1305*** 0.8599*** 0.0136

(0.300) – (0.000) (0.007) (0.000) (0.000) −0.66
Columbia −0.0005 – – 0.4988*** 0.1772*** 0.8147*** −0.0486

(0.531) – – (0.000) (0.000) (0.000) −0.146
Ecuador −0.0005 0.9724*** −0.9476*** 0.6133 1.0542 0.7071*** −1.055

(0.616) (0.000) (0.000) (0.140) (0.449) (0.000) −0.449
Mexico −0.0002 – – 0.2397*** 0.1345*** 0.8799*** −0.0588**

(0.745) – – (0.008) (0.000) (0.000) −0.033
Panama −0.0003 – – 0.2717** 0.1031*** 0.8771*** −0.0108

(0.688) – – (0.010) (0.001) (0.000) −0.673
Peru  −0.0004 −0.0775*** – 1.3902*** 0.1798*** 0.7588*** −0.0647*

(0.569) (0.000) – (0.000) (0.000) (0.000) −0.058
Philippines −0.0005 −0.0335* – 0.1613** 0.1426*** 0.8533*** −0.0019

(0.484) (0.083) – (0.011) (0.000) (0.000) −0.944
Russia −0.0003 −0.0497*** – 0.4941*** 0.1381*** 0.8554*** −0.0521*

(0.637) (0.009) – (0.006) (0.000) (0.000) −0.059
S.  Africa 0.0000 – −0.2168*** 2.5720* 0.1469*** 0.7656*** −0.0687**

(0.980) – (0.000) (0.058) (0.000) (0.000) −0.03
Turkey −0.0003 – – 0.4873*** 0.1444*** 0.8545*** −0.0855***

(0.605) – – (0.000) (0.000) (0.000) −0.001
Ukraine 0.0002 −0.1655*** – 1.2515*** 0.2239*** 0.7045*** 0.013

(0.807) (0.000) – (0.003) (0.000) (0.000) −0.802
Venezuela 0.0000 0.1303*** – 0.3257*** 0.1507*** 0.8259*** −0.0700**

(0.999) (0.000) – (0.001) (0.000) (0.000) −0.038

cDCC

a b

0.0168*** 0.9766***

(0.003) (0.000)

1. For the mean and variance equations, refer to Eqs. (1) and (2) respectively.
2.  For the cDCC process, refer to Eq. (5).
3 ors.

t
p
a
m
e
f
u
c

(
a
s

.  The values in the parentheses are the p-values obtained from robust standard err
* Significance level at 10%.

** Significance level at 5%.
*** Significance level at 1%.

hink that emerging markets in our sample tend to integrate in
hase 2. However, in this case we should not jump to immedi-
te conclusions. In particular, the increased average in phase 2
ay be caused by the strong integration between some particular

merging countries, although some others may  be dis-integrated
rom the group. Indeed, this scenario is very similar to our sit-
ation and the following analysis draws us a picture of this
ase.

To continue with further analysis, we need to determine several

p, c) combinations for the network construction process. As a rough
nd practical approach, we use 0.2 as increment size for this con-
truction. We  know by definition 0 < p ≤ 1, therefore, p values are

Nov.02 Oct.04 Aug.06 Ju

0.4

0.5

0.6

0.7

0.8

0.9

cD
C

C

Fig. 2. Time-varying mean correlation �
taken as 0.2, 0.4, 0.6, 0.8 and 1. In a similar fashion, c values are taken
as 0, 0.2, 0.4, 0.6, 0.8 and 1. The reasons for the choice of upper and
lower c limits are as follows: For c ≥ 1.2 and our choices of p, there is
no p-stable connections in both phases, therefore maximum value
of c is taken to be 1 (besides, c-strong correlation levels exceed 1
from time to time for c ≥ 1.2, which is theoretically unachievable).
And as stated before, when c < 0, c-strong correlation levels become
below the average. Considering the concept of integration, mini-
mum  c should be taken as 0 in order to have a reasonable definition

of strength for correlations. Eventually, we have 5 × 6 = 30 differ-
ent (p, c) combinations in total, yielding to 30 different network
structures.

l.08 May.10 Apr.12 Feb.14

mean c=0.2 c=0.4 c=0.6 c=0.8 c=1

(t) and c-strong correlation levels.



A. Sensoy et al. / Journal of Financial Stability 33 (2017) 163–186 169

Brazil

Colombia

Mexico

Panama

Phillippines
Phase 1
p=1
c=0.4

Brazil

Colombia

Mexico

Panama

Phillippines

Russia

Phase 1
p=1
c=0.2

Brazil

Colombia

Mexico

Panama

Phillippines

Russia

Phase 1
p=1
c=0

(there

s
F

3

w
a
o

d
c
c
r
t
o
t

(
a

1

a

Fig. 3. p-Stable networks for p = 1 and different c-levels in phase 1 

In the following, Figs. 3–7 display the p-stable networks for
elected (p, c) combinations in phase 1. For the same combinations,
igs. 8–12 show the p-stable networks in phase 2.10

.2.1. General view
Figs. 3–12 display the detailed results of our analysis and they

ill be mentioned in a while. However at first, we  will try to provide
 bigger picture of what’s going on in phase 1 and phase 2 for ease
f understanding.

In Figs. 13 and 14, every box corresponds to a stable network for
ifferent (p, c) combination. A circle in a box denotes a cluster (in our
ontext, the term “cluster” is used to denote a connected group) of
ountries. Naturally, having more than one circle in a box is a rep-
esentative of segmentation. The numbers in each circle represent
he number of countries belonging to that cluster. Finally, the sum
f the numbers in a box gives the number of stable connections for
hat specific (p, c) combination.

A natural analysis of these structures involves the division of the
p, c) combinations into 4 main parts. These parts can be designated
nd interpreted intuitively as follows:

. Zone 1 (Integration Zone): This part refers to the area where p ∈
(0.5, 1] and c ∈ (0.5, 1]. In this region, we have relatively high

p and c values. Accordingly, countries joining together in Zone
1 can be thought of permanently (or long-term) and strongly
integrated.

10 The size of the circles in the figures do not have any economic interpretation
nd are chosen for optimal allocation purposes when constructing networks.
 does not exist a p-stable network for c = 1, 0.8 and 0.6 when p = 1).

2. Zone 2 (Contagion Zone): This part refers to the area where p ∈ (0,
0.5) and c ∈ (0.5, 1]. In this region, we have relatively high c, but
low p values. Since every country and connection in Zone 1 will
also exist in Zone 2, countries joining together only in Zone 2
can be thought to be strongly, however temporary (or short-
term) connected to each other. This type of connection shall be
considered as contagion instead of integration.

3. Zone 3 (Weak-interdependence Zone): This part refers to the
area where p ∈ (0.5, 1] and c ∈ [0, 0.5). In this region, we have
relatively high p, but low c values. Since every country and con-
nection in Zone 1 will also exist in Zone 3, countries joining
together only in Zone 3 can be thought to be weakly interde-
pendent to each other. Therefore, this type of connection shall
be considered as weak interdependence.

4. Zone 4 (Dis-integration Zone): This part refers to the area where
p ∈ (0, 0.5) and c ∈ [0, 0.5). In this region, we have relatively low p
and c values. Accordingly, countries joining to the whole system
only in Zone 4 can be thought of outliers. They may  be considered
to be dis-integrated from the others.

Comparing Figs. 13 and 14 yields to some crucial observations:
First of all, for the highest stability level i.e. p = 1, there is not a
single stable connection in phase 1 for any c-level. On the contrary,
for the same p-level, we have stable connections in phase 2 even for
the highest strength level c = 1. This shows that the global financial
crisis results with strong integration of some emerging countries.

A direct measure of this phenomenon is the number of countries in
a stable network per box in Zone 1. The higher this number is, the
more emerging countries get integrated to each other. Accordingly,
this value is 5.33 in phase 1, whereas it is 7.33 in phase 2.
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Fig. 4. p-Stable networks for p =

Secondly, the same crisis also results with some specific seg-
entations among emerging markets. A direct way to see this
henomenon is to observe the number of clusters in a stable net-
ork in Zone 1. The higher this number is, the more segmentation

ccurs among emerging markets. In phase 1, the number of such
lusters per box is 1. This values increases up to 1.67 in phase 2.
nd different c-levels in phase 1.

Therefore, emerging countries tend to have sub-group integrations
after the global financial crisis.
Finally, an interesting point arises in Zone 4. In phase 1, for (p,
c)=(0.4, 0), (0.2, 0.4) and (0.2, 0), all the countries are included in
a stable network, which means that there is enough amount of
dependency among emerging markets to connect at least one of
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Fig. 5. p-Stable networks for p =

hem to some other. However, this is not the case in phase 2: as it
an be easily observed, maximum number of countries included in

 stable network is twelve in this period; meaning that no matter
he choice of (p, c) combination, one country will always be missing
n the stable network structure. This event is also supported by the

bservation that the number of countries per box in Zone 4 is 12.67
n phase 1, whereas this number is 10.5 in phase 2. Therefore, with
he weakest satisfactory conditions to have a stable connection,
hase 2 tends to miss such connections on the average. These cases
nd different c-levels in phase 1.

shall indicate the dis-integration of some members from others
after the global financial crisis.

As stated previously, mean of the dynamic conditional correla-
tions between bond returns is found to be significantly higher in
phase 2 than in phase 1. And such an increase might suggest the

integration of the sample countries after the crisis. However, com-
bining the aforementioned results about the changes in different
zone structures, we  can state that the increased mean correla-
tions is more likely to be caused by clusters of countries that
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Fig. 6. p-Stable networks for p =

xhibit high within-cluster co-movement but not between-cluster
o-movement. The summary statistics used in our network com-
arisons are given in Table 3.
.2.2. Micro details
Fig. 3 shows the p-stable network for p = 1 and phase 1 (pre-

risis). Therefore, it exhibits which countries are connected for the
nd different c-levels in phase 1.

entire period. When c = 0 we allow for the degree of integration
to be at the lower bound and we find that these countries have a
variety of direct relationships. Brazil, for example, is connected to

Mexico, Colombia, Panama and Russia. However, when we increase
correlation strength c, we find that each country has at most two
direct neighbors, whereas Philippines and Russia (for c = 0.2), and
Philippines and Mexico (for c = 0.4) have only one.
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Fig. 7. p-Stable networks for p =

Fig. 4 presents the results for p = 0.8 in phase 1, which is still a

igh value as the network will be formed by countries that are con-
ected most of the time. As we increase the value of c to depict the
etwork with large strength correlation, we obtain similar results
nd the network gets thinner and more sparse. We  also find that
nd different c-levels in phase 1.

geographic proximity is very much likely to be one of the reasons

that causes these links.

In Fig. 5, we  study the case of a more intermediate degree of
integration (p = 0.6). A very similar figure is obtained with Latin
American countries and Philippines in one group and, Russia and
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Fig. 8. p-Stable networks for p

urkey in another group (for c = 1). As we reduce the correlation
trength c, we see that the network gets more dense and connec-

ions increase substantially.

Figs. 6 and 7 present the case for p = 0.4 and 0.2, respectively. In
his case, since we include low levels of integration with countries
hat are weakly connected over time, we have a more dense
d different c-levels in phase 2.

network. However, the number of connections is still inversely
related to the correlation strength c.
Fig. 8 presents that case of p = 1 for phase 2 (post-crisis). As
we increase the correlation strength c, we find a more sparse net-
work, which suggests that after the crisis some countries drifted
apart. These results may  reflect differences in investor perceptions
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Fig. 9. p-Stable networks for p =

egarding potential banking problems in these countries and differ-
nt expectations about the impact of the crisis on these economies.

Countries with macroeconomic and financial similarities could

espond similarly to the crisis, whereas more vulnerable countries
ould suffer a higher impact. Nonetheless, when we look at the case

f c = 1, a very high correlation strength, we find a similar picture as
e had in the case of phase 1, with only two groups. One comprises
nd different c-levels in phase 2.

Brazil and Colombia (Latin American economies) and the other Rus-
sia and Turkey (Emerging European countries). However, letting c
to be 0.8 or 0.6 creates 3 clusters which differs from phase 1 and

tells much about segmentation. Another interesting observation is
joining of South Africa in the network: Compared to phase 1, this
country can connect to Turkey and Russia for high (p, c) values, i.e.
fulfills a much stronger connectivity requirement, displaying a new
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Fig. 10. p-Stable networks for p

tructure after the crisis. Also, one can witness the dis-integration
f Ecuador from the others as it cannot join the network for any (p,
) combination. Other than that, we find similar results as in the

hase 1 case from Figs. 9–12, in general.

Overall, these results suggest that an increase in average col-
ective correlation can be misleading as it could suggest that
ntegration of these economies have increased after the crisis. But in
nd different c-levels in phase 2.

our case, this is a local phenomena with a small subset of countries
having their correlations increased and different groups with low
correlation.
3.2.3. Relation with the monetary policy
We are analyzing debt international markets for all the emerg-

ing countries in our study. It is worth remembering that if some
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Fig. 11. p-Stable networks for p 

ountries suffered similar impacts from the global crisis, then they
ay  have adopted similar economic policies to deal with it. For
xample, some countries may  have reduced their interest rates
expansionary monetary policy) after the crisis. If domestic inter-
st rates are linked to EMBI+ rates due to absence of arbitrage then
he interest rates in their international bonds should have behaved
nd different c-levels in phase 2.

accordingly increasing their correlation. To see if this is the case
here, we present the post-crisis monetary policy rates of the emerg-

ing countries that belong to 3 different clusters in Fig. 10 when
c = 0.4. If the above argument is true i.e. policy rates are the main
drivers of the EMBI+ correlations, then we should expect these pol-
icy rates to strongly co-move for the countries belonging to the
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Fig. 12. p-Stable networks for p

ame clusters. Fig. 15 displays these policy rates. We  can see that
he above argument is not valid as the policy rates do not present
ignificant collective behavior within clusters.
.2.4. Relation with the macro-vulnerabilities
In an attempt to search for the main factors that determine mar-

ets segmentation of EM sovereign bond markets, except from the
nd different c-levels in phase 2.

geographical factor, we focus on the key indicators for macroeco-
nomic vulnerability; namely net government debt to GDP, current
account deficit to GDP, and budget balance to GDP ratios. The

following Figs. 16–18 display annually how these ratios evolve
through the beginning of phase 1 to the end of phase 2. Table 4
presents the simple correlations between the annual changes in
these key indicators for the countries in the same clusters. Finally,
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igs. 19–21 shows the annual averages of these ratios in phase 1
nd phase 2. Accordingly, we obtain striking results.

For all these countries with full access to international financial
arkets, a cross-country comparison of net government debt to

able 3
verage statistics comparison of the network analysis between phases.

Phase 1 

Clusters/(p, c) Countries/(p, c)

Zone 1 1.00 5.33 

Zone  2 1.00 9.50 

Zone  3 1.11 8.78 

Zone  4 1.00 12.67 
ase 2. Each circle in a box denotes a cluster and the number in the circles represent
he amount of countries belonging to that p-stable network.
GDP and current account to GDP ratios shows that the distribution
of these ratios within the clusters remains on average relatively sta-
ble passing from phase 1 to phase 2 (Figs. 20 and 21). Therefore, the
heterogeneous picture is preserved for these macro-vulnerability

Phase 2

 Clusters/(p, c) Countries/(p, c)

1.67 7.33
1.17 8.83
1.22 8.89
1.00 10.50
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Fig. 15. Monetary policy rates of the emerging countries within the same clusters in phase 2 (Panama is not included in Cluster 2 due to its unique monetary system i.e. it
has  no central bank).
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Fig. 16. End of year budget balance to GDP ratio
atios. Similarly, the annual values of these ratios given in
igs. 17 and 18 do not present any promising result on explaining
he reasons for the clustering scheme in our analysis.11

11 For example, in the case of current account deficit to GDP ratio in cluster 3 (Russia
nd  Turkey), while Russia is being challenged to improve on a weak growth outlook
n  phase 2 without having serious current account deficit problems (still having
urplus in every year post-crisis), Turkey is being challenged to address potential
udden stop problems in capital flows as the country is struggling with short term
ec.09 Dec.11 Dec.13

e emerging countries within the same clusters.

However, we observe a level-wise converge in budget balance

to GDP ratios for the countries within the same cluster in phase
2 (Fig. 16). This convergence is also validated by comparing the

capital flows compensating for a shortfall in foreign direct investments and long
term external borrowing in the same period. Similarly, valid explanations can also
be  given for the other clusters in explaining the poor explanatory performance of
the current account deficit to GDP and net government debt to GDP ratios.
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ase of Philippines (Fig. 19).

Not only level-wise, but direction-wise the budget balance to
DP ratio outperforms the others in terms of explaining the clus-
ering scheme in phase 2. Simple correlations show that the mean
o-movement degree of budget balance to GDP ratio in cluster 1,
luster 2 and cluster 3 are 0.60, 0.49 and 0.92, respectively. Whereas
he same averages for net government debt to GDP are significantly
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lower than the budget balance to GDP ratio and are −0.02, 0.44 and
0.32 for cluster 1, cluster 2 and cluster 3, respectively. Similar case
is also observed for the current account deficit to GDP ratio, except
the case of cluster 2.
Accordingly, among three key macro-vulnerability indicators,
budget balance to GDP ratio performs significantly better than oth-
ers in explaining the determinants of the markets segmentation of
EM sovereign bond markets after the recent global financial crisis.
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Table  4
Cross country correlations between annual changes in analyzed macro-variables.

Brazil Mexico Colombia Philippines Panama Peru Turkey Russia

Panel A: Cross-correlations between annual changes in budget balance to GDP ratios within clusters 1, 2 and 3
Brazil (C1) 1 0.57 0.46
Mexico (C1) 1 0.78
Colombia (C1) 1
Philippines (C2) 1 0.45 0.68
Panama (C2) 1 0.33
Peru  (C2) 1
Turkey (C3) 1 0.92
Russia (C3) 1

Panel  B: Cross-correlations between annual changes in net government debt to GDP ratios within clusters 1, 2 and 3
Brazil (C1) 1 −0.09 0.24
Mexico (C1) 1 −0.22
Colombia (C1) 1
Philippines (C2) 1 0.34 0.22
Panama (C2) 1 0.75
Peru  (C2) 1
Turkey (C3) 1 0.32
Russia (C3) 1

Panel  C: Cross-correlations between annual changes in current account deficit to GDP ratios within clusters 1, 2 and 3
Brazil (C1) 1 0.07 0.57
Mexico (C1) 1 0.27
Colombia (C1) 1
Philippines (C2) 1 0.65 0.87
Panama (C2) 1 0.60
Peru  (C2) 1
Turkey (C3) 1 −0.43
Russia (C3) 1

Note: C1, C2 and C3 denote clusters 1, 2 and 3 respectively.
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Fig. 19. Annual averages of budget balance to GDP ratios of the emerging countries within the same clusters in phase 1 and phase 2.
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Fig. 20. Annual averages of net government debt to GDP ratios of the emerging countries within the same clusters in phase 1 and phase 2.
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Fig. 21. Annual averages of current account deficit to GDP ratios of

. Conclusion
The quantitative easing policy that has been launched by the Fed
fter the global financial crisis has created excessive global liquid-
ty. In addition, the expansionary monetary policies implemented
n other major currency areas like EU and Japan affected all the
erging countries within the same clusters in phase 1 and phase 2.

markets around the world. Combined with the low yields in devel-
oped countries’ bond markets, this excessive liquidity has gener-

ated high capital flows to emerging markets and appreciated their
currencies, leading to new financial structures in these economies.

In this study, we  show that the unweighted average of dynamic
conditional correlations between cross emerging country bond



1 ancia

r
s
d
c
o
g
c
e

m
f
f
t
G
v
o
t

u
o
t
t
c
e
R

e
e
B
d
a

84 A. Sensoy et al. / Journal of Fin

eturns has significantly increased after the global financial cri-
is. However, we reveal that the increased average correlation is
ue to the clusters of countries that exhibit high within-cluster
o-movement but not between-cluster co-movement. We  also
bserve (and intuitively infer) that excessive global liquidity and
eographic proximity play important roles in high within-cluster
o-movement, however monetary policy rates are shown to not,
ven though we use bond data in cross county correlation analysis.

In further attempts to search for the main factors that deter-
ine markets segmentation of EM sovereign bond markets, except

rom the geographical factor, we focus on the key indicators
or macroeconomic vulnerability; namely net government debt
o GDP, current account deficit to GDP, and budget balance to
DP ratios. Accordingly, we show that among these key macro-
ulnerability indicators, budget balance to GDP ratio outperforms
thers significantly and present satisfactory evidence in explaining
he post-crisis segmentation.

Although the results depend critically on the sample period
sed,12 our results suggest that after the crisis, different subgroups
f emerging countries have appeared. Therefore, one should expect
hat economic policies that are put in action by the Fed or even

he ECB have different impacts on these countries. Since these
ountries have become more segmented after the crisis, spillover
ffects should be reduced and limited to specific subgroups.13

ecently, Fed has argued that “to a considerable extent, investors

12 They might have been different if the sample extended until, say, end 2015.
13 Theoretically, we can expect these different impacts as emerging markets
conomies have very different levels of vulnerability after the financial crisis. For
xample, countries that are specialized in commodity exports such as Colombia and
razil have suffered from deteriorating terms of trade and widening current account
eficits. Therefore, they are likely to be prone to larger capital outflows than the rest
s  they can pose higher risks.
l Stability 33 (2017) 163–186

appear to have been differentiating among emerging market
economies (EME) based on their economic vulnerabilities” (Board
of Governors, 2014). Our findings are in line with those provided
by the Fed in the sense that emerging market economies cannot be
considered as a whole after the global financial crisis. Accordingly,
international investors should not think of emerging markets as
a single asset class as they differ substantially, and different clus-
ters found in our network analysis corroborate this idea. From an
investor’s point of view, potential benefits of international diver-
sification is low for the economies that are in the same cluster,
however cross cluster diversification opportunities may  still exist
and these fact should be taken into account in portfolio strategies.

There are several potential extensions for further research.
Firstly; previous studies treated all emerging markets as a sin-
gle block and investigated bond spread determinants accordingly,
however analyzing spreads within subgroups may result more
meaningful results. Secondly, researchers can focus on the possi-
ble effects of Fed tapering or recovery of the developed European
economies on the integration/segmentation structure of EM bond
markets. Our analysis reveals that in pre-crisis period, the segmen-
tation between EMs  were not that strict compared to excessive

liquidity environment after the crisis. Accordingly, the answer to
the question of “is it possible to turn back to the old structure?”
might be very beneficial in providing guidance for both policy-
makers and investors.
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