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What to Study
Market linkages are becoming increasingly important in
the international environment.
In particular, linkages in financial markets receive more
attention during financial crisis as decision makers in
markets become keener to receive available information
across markets.
The recent financial crisis of 2007-2008 is mainly a crisis in
debt markets.
We study the nature of market integration and linkages
around the period of recent financial crisis by analyzing
bond spreads during the period.

Yield Spreads, Factor Model
Yield spreads of bonds represent relative attractiveness of
the bonds, which is affected by profitability, default risk,
and liquidity.
These determinants of bond values are closely related to
market connectedness and integration.
A complicated multivariate specification would be needed
to consider such multiple economy bond spreads.
Problems of specification sensitivity and curse of
dimensionality are entailed.
Instead, we use a latent factor model, which makes it
possible to decompose volatility of bond spreads to
various components with interpretable identification.
The latent factor approach also has the advantage of
quantifying effects contagion effects of shocks across
markets.

Factors in Factor Model
Four potential factors are considered that influence bond
spreads: the world factor, the regional factor, the
country-specific factor, and the U.S. risk factor.
The first, second and fourth factors are common factors.
The third factor is country specific.
In the crisis period the world factor are classified into the
U.S. risk factor and the other part.
The regional factor reflects common events and market
integration in each region, which cause movements of
markets in the same direction, e.g. period of Asian
economic crisis

Advantage of Latent Factor Model
The latent factor model helps avoid modeling of a specific
structure, absorbing it in latent factors.
This approach not only reduces the dimension of
parameters but also avoids the problem of model
misspecification.
A number of authors use the latent factor model to analyze
financial markets. Diebold and Nerlove (1989), Ng, Engle,
and Rothschild (1992), Mahieu and Schotman (1994), King,
Sentana, and Wadhwani (1994), and Forbes and Rigobon
(2002), Gregory and Watts (1995), Dungey, Martin and
Pagan (2000), Kose, Otrok, and Whiteman (2003).

Data
Data from 9 countries are used: 3 Latin American countries
(Argentina, Brazil, and Mexico), 3 Asian countries
(Indonesia, Korea, and Philippines), and 3 developed
countries (Japan, UK, and US).
Daily observations of spreads on bond yields from
December 1, 2006 to March 31, 2010.
For six emerging economies (Latin America and Asia) the
long-term sovereign bonds are used. For developed
economies the long-term BBB corporate bonds are used.

Results
For most countries, the level and volatility of bond spreads
have shown an overall increase during the financial crisis.
The absolute value of correlation of bond spreads has
increased in most cases during the crisis.
Contagion emerges quite substantially from the U.S. shock
during the crisis.
Contagion from the U.S. shock has global-level effects on
most of the considered emerging economies.
Mixed effects of regional factors are shown, with
similarities and differences across regions and countries.

The Model
Let ri,t be the bond yield of the i-th market at time t and r0,t
be the bond yield of a comparable risk free benchmark.
The bond spread of the i-th market is si,t = ri,t − r0,t . si,t , is
risk premium over a risk-free counterpart.
L
Let wt , RA
t , Rt , and u1,t be, respectively, the world, the Asia,
the Latin America, and country specific factors.
Then, we have a latent fact model for ∆st :
i,L L
∆si,t = λi wt + γi,A RA
t + γ Rt + σi ui,t ,

(1)

where λi , γi,A , γi,L , σi are factor loadings,
whose variances are normalized to be unity.
Assume that all the factors are independent of each other:
L
E[wt , Rkt ] = 0 for k = A, L, E[RA
t Rt ] = 0, E[ui,t uj,t ] = 0 for
i , j, E[ui,t wt ] = 0 for i = 0, 1, · · · , N and E[ui,t Rkt ] = 0 for
i = 0, 1, · · · , N and k = A, L.

ARCH for Disturbance Process
Assume that the disturbance processes are distributed as
Gaussian processes with the autoregressive conditional
heteroskedasticity (ARCH) in the conditional variance:
fj,t = vj,t ,
vj,t

∼

N(0, σ2j,t ),

(2)
and

σ2j,t = (1 − αj ) + αj σ2j,t−1 .
L
where j = 1, 2, 3 and {f1,t , f2,t , f3,t } = {wt , RA
t , Rt }.

Used by Diebold and Nerlove (1989), Engle, Ng and
Rothschild (1990), Kim and Park (2004), Dungey et. al.
(2000) and Dungey et. al. (2011).

Augmentation: Including the U.S. Risk Factor
Augment the model (1) by including the U.S. factor uus,t for
the period of crisis (via the indicator It ):
i,L L
∆si,t = λi wt + γi,A RA
t + γ Rt + σi ui,t + ζi It uus,t ,

(3)

The strength of contagion from the U.S. market are
controlled by ζi ; It = 1 for the crisis period.
ζus = 0, implying that the U.S. risk factor for the U.S. is
included in the idiosyncratic shock of the U.S.
The U.S. risk factor is distinct from the world factor: The
former presents only in the crisis period while the latter
presents in the whole period.

Evaluation of the Contribution of Each Factor
The variance of ∆si,t can be decomposed as
Var(∆si,t ) =

A
L L
Var(λi wt ) + Var(γA
i Rt ) + Var(γi Rt ) (4)

+Var(ζi It uus,t ) + Var(ui,t ).

(5)

The contribution of each factor to the volatility of the bond
spread variation is, then, defined as:
Contribution of the world factor

=

λ2i
,
Var(∆si,t )

Contribution of the regional factor

=

(γki )2
,
Var(∆si,t )

Contribution of the idiosyncratic factor =

σ2i
.
Var(∆si,t )

Contribution of the contagion factor

ζ2i It
. (6)
Var(∆si,t )

=

2
L 2
2
2
where Var(∆si,t ) = λ2i + (γA
i ) + (γi ) + ζi + σi .

Estimation Method (1)
We use a simulation-based indirect inference method
proposed by Gourieroux et al. (1993).
Denote by M = M(θ) a given model. Suppose a direct
estimation method such as the maximum likelihood
method or the method of moments is not tractable for M.
In this case we consider an approximate model Ma that is
more tractable than M. We call Ma an instrumental model
for the estimation of θ.
The instrumental model is characterized by a vector of
parameters θa , Ma = Ma (θa ).

Estimation Method (2)
Let XT (θ) ≡ {xt (θ)}Tt=1 be a sequence of observed data and
θ̂aT = θ̂a (XT (θ)) be an estimator of θa based on XT (θ).
Denote by XsT (θ) ≡ {xst (θ)}Tt=1 a sequence of simulated data
from the model M conditional on the parameter θ for
s = 1, . . . , S.
Let θ̂asT = θ̂a (XsT (θ)) be an estimator of θa based on XsT (θ).
The indirect estimator of θ, θ̂ST , is defined as
"
θ̂ST (W) = arg min
θ

θ̂aT

1X a
−
θ̂sT (θ)
S
S

s=1

where W is a weighting matrix.

#0

"
W

θ̂aT

1X a
−
θ̂sT (θ)
S
S

s=1

#

(7)

Estimation Method (3)
In the estimation process we use the Kalman filter as the
likelihood function of an approximate model.
The state-space model for the Kalman filter is represented
as follows:
(Observation equation) ∆st = Γ ft + σut ,
(8)
q
2
ηj,t .
(State equation)
fj,t = (1 − αj ) + αj fj,t−1
where Γ = {λ, γA , γL } and α = {αw , αA , αL }. ηj,t is the i.i.d.
standard normal process and is independent of ut .
Although the state equation is nonlinear, we can apply the
Kalman filter to have an updated ft from ft−1 .

Empirical Results: Descriptive Statistics
The mean and standard error of spread series for most
countries experienced large increases in the crisis period.
Correlations of the bond spread increase in the period of
crisis, reflecting risk spillover effects. (Table 3.1)
To check persistence of spread series we have tested the
unit root null. The null is not rejected at 5% test for the
spread of all countries. (Table 3.2)
The persistence and instability of bond spreads, implied in
the unit root hypothesis, are well expected during the
period of 2007-2008 financial crisis.
We use the first difference of bond spreads, ∆st , to remove
the unit root in st .
∆st exhibits common time-varying volatility (Figure 3.1),
which can be properly modelled by ARCH.

Empirical Results: Main Findings (1)
The world factor has certain amount of effects on the
volatility of ∆st for most emerging economies. This implies
that the emerging economies are mostly integrated into the
global market.
Contagion effects of the U.S. shock emerge quite
substantially for all the considered emerging economies.
Contagion from the U.S. shock has global-level effects on
all the considered emerging economies although the
degree of influence is different across different countries
and regions.

Empirical Results: Main Findings (2)
Clear regional effects are shown which, however, are
mixed with similarities and differences across regions and
countries. In the crisis period, the world-wide contagion
effects together with the world factor outweigh the regional
factor for majority of the considered emerging economies.
Strong effects of country specific factors are shown in
Korea as well as Japan, the UK, and the US.

Conclusions
We analyzed bond spreads of nine countries in the period
from December 1, 2006 to March 31, 2010 to see how much
markets are integrated and how the 2007-2008 crisis affects
the international market.
The analysis is based on an augmented latent factor model.
Our empirical results have several interesting implications.
The analysis is mainly for the effects of the U.S. shock and
did not include the effects of the recent EU crisis following
the U.S. shock.
With different sets of countries and different identification
schemes with respect to regions and periods of contagions
we may have some different results.

