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ABSTRACT
The issue of co-movement and spillover among international bond markets is very important in asset allocation
management and investors' diversification strategies. This paper examines the co-movement between the Nigerian and
United States (US) bond markets by adapting a class of conditional correlation of the Multivariate Generalize
Autoregressive Conditional Heteroscedasticity (MGARCH) framework, the Dynamic Conditional Correlation (DCC) model. The
result of this study reveals a weak negative relationship between the Nigerian and US bond markets and concluded that the
correlation will in time return to the long-run unconditional level, due to evidence of mean reverting. Finally, these findings
are informative to both investors and policy makers working or investing in the Nigerian bond and capital markets. As a
result, there is need to identify the specific factors that generate the co-movement in the bonds of the two markets.

INTRODUCTION
The capital markets which comprises of the

stock and bond markets are two of widely followed
markets by economists and researchers. Their daily
movements have been consistently analyzed and closely
followed as a result of their impact on a country’s
economic growth. In Nigeria, the financial instruments
used in the capital market like other capital markets in
the world include both stocks and bonds, as such, create
interest from both investors and academicians.
Nigerian capital market has experienced considerable
growth and development since 1970s, when the Nigeria’s
sovereign bonds came to existence. Though it was illiquid
and redeemable only to the Central Bank of Nigeria
(CBN) upon maturity, it has recently increase in bonds
issuance from both State governments and private
companies, with States like Lagos, Ogun, Rivers, Imo
(issued 2016, 18.5b naira @ 15.5%), Bayelsa, and Abia
States have either issued or received approval to issue
bonds for long-term capital projects. More significantly,

it has become more attractive to prestigious
international issuers, because of the recent reforms
carried out by the Security and Exchange Commission
(SEC) in Nigerian domestic bond market (Oteh, 2013).

It is established that bond markets – bond
yields and returns are positively correlated across
countries (Hafer, Kutan, and Zhou, 1997) and influenced
by market conditions of other countries (NSE, 2016) –
indicating that international bond markets are linked
together. Therefore, studies on volatility transmission
across bond markets helps investors understand the
behavior and source of cross-market volatility
transmission (Cai, Jiang, and Kumar, 2004; Fleming,
Kirby, and Ostdiek, 1998).

In spite of this and the immense potential of the
Nigerian bond market, most of the literature on
international co-movement across markets are focused
on Nigerian stock market and government bond markets
of developed economy (Steeley, 2006; Bunda,
Alexopoulou, and Ferrando, 2009). Multivariate GARCH
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framework, has proven to be the very efficient in
modeling markets transmission and co-movement
(Emenike, 2014). Studies like Piljak (2013); Skintzi and
Refenes (2006); Christiansen (2003), Steeley (2006);
Lin, Wang, and Gau (2007) applied MGARCH models in
modeling volatility transmission or co-movement among
several bond markets.
This paper examines the dynamic relationships between
the Nigerian and US bond markets. The study employs
the DCC (1, 1) MGARCH model that allows time-varying
conditional correlations while investigating the dynamic
properties of two markets returns. It also provides some
interesting findings that contribute to the understanding
of the time-varying nature of volatility spillover effects
between Nigerian and US bond returns.

METHODOLOGY
Research Design

The study adapted a qualitative research
design and the data is collected through a secondary
source, available on http://www.tradingeconomics.com.
The data collected are weekly observations of the 10-
year US and Nigerian Federal Government bond yield
from December 14, 2007 to December 27, 2014,
representing the returns from Nigerian stock and bond
markets respectively. The study employs the Augmented
Dickey Fuller (ADF) test statistics to confirm the
stationarity of the process while the Jarque-Bera test to
check the normality of the returns series. The bivariate
MGARCH, the DCC approach is further used to measure
the co-movement between the two bond returns.

Computation of Return Series from Price
Compounded weekly return of each series of each index is generated as follows;
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where rt is the return for period t; tP and 1tP are

price index on week t and t-1 respectively, and ln is the
natural logarithm. According to Christoffersen (2012),

returns in the form of Eq. (1) have better statistical
properties.

Dynamic Conditional Correlation MGARCH (DCC-
MGARCH)

The DCC model, proposed by Engle and
Sheppard (2001) and Engle (2002), is a new class of
multivariate model, which is particularly well suited to
examine correlation dynamics among assets. The DCC
approach has the flexibility of univariate GARCH but
without the complexity of a general multivariate GARCH.
As the parameters to be estimated in the correlation
process are independent of the number of series to be

correlated, a large number of series can be considered
in a single estimation.

Following Bollerslev (1990), Engle and Sheppard
(2001) and Engle (2002), we start our empirical
specification with the assumption that US and Nigeria
bond returns are multivariate normally distributed with
zero mean and conditional variance-covariance matrix

tH . Our multivariate DCC-GARCH model can be

presented as follows:

t t tr    (2)

with  1| 0,t t tN H   where, rt is the (k×1)

vector of the returns, εt is a (k×1) vector of zero mean

return innovations conditional on the information, Ω t-1

available at time t-1 and the conditional variance-
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covariance matrix (Ht) in the DCC model can be expressed as:

t t t tH D R D (3)
where Dt represents a (k×k) diagonal matrix of the
conditional volatility of the returns on each asset in the
sample and Rt is the (k×k) conditional correlation matrix.
The DCC-GARCH model estimates conditional volatilities
and correlations in two steps. In the first step the mean

equation of each asset in the sample, nested in a
univariate GARCH model of its conditional variance is
estimated. Hence, we can define Dt as follows:

 1 1
2 2......t iit kktD h h (4)

where: hiit, conditional variance of each asset, is

assumed to follow a univariate GARCH  ,i ip q process,

given by the following expression:
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However, to insure non-negativity and stationarity some restrictions, such as:
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should be imposed. These univariate variance estimates
are then used to standardize the zero mean return
innovations for each asset. In the second stage, return
residuals are transformed by their estimated standard
deviations from the first stage. That is

,

,

i t
it
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  where μit is then used to estimate the

parameters of the conditional correlation. The evolution
of the correlation in the DCC model is given by:
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where Qt refers to a (k×k) time varying covariance
matrix of μ, Q is the (k×k) unconditional variance matrix
of i,t u , and α and β are nonnegative scalar parameters

satisfying α + β < 1. Since Qt does not generally have
ones on the diagonal, we scale it to obtain a proper
correlation matrix Rt . Thus,

   
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Finally, the conditional correlation coefficient ρij between two assets i and j is then expressed by the following equation:

, , , , ,   , =1,2,....... , andij t ij t ii t jj tq q q i j n i j   (8)

Expressing the correlation coefficient in a bivariate case, we have:
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As per Engle and Sheppard (2001) and Engle
(2002), the DCC model can be estimated by using a two
– stage approach to maximizing the log - likelihood

function. Let θ denote the parameters in Dt and  the

parameters in Rt, then the log likelihood function is given
below:
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The first part of the likelihood function in Eq.
(10) is volatility, which is the sum of individual GARCH
likelihoods. The log – likelihood function can be
maximized in the first stage over the parameter in Dt.
Given the estimated parameters in the first stage, the
correlation component of the likelihood function in the
second stage (Eq. (8)) can be maximized to estimate
correlation coefficients.

RESULTS AND DISCUSSION
Descriptive Statistics of Weekly Return Series

Table 1 contains summary statistics for the
returns series in each of the markets. The sample mean
in all of the returns are positive and statistically
significant because they differ from zero except for the
US bond market average weekly return (-0.1042) that

display negative average weekly returns. More so, the
standard deviation in all the cases are greater than the
mean, indicating the variables are within the returns
(USB: 4.2688 and NFGB: 3.8074). All return series
display non-zero skewness, the degree of peakedness as
indicated by the values of the kurtosis showed that FGNB
is more peaked than what is obtained in the normal
distribution while the USB is flatter than the normal
distribution. Additionally, the Jarque-Bera test results
are not significant at 0.01 and 0.05 significance levels,
suggesting that the return series for all the markets are
not normally distributed. Finally, the calculated values of
the ADF test statistics indicate that the level series does
not contain a unit root at the 1% and 5% significance
levels, implying that the return series are stationary.

Table 1: Descriptive Statistics of the Weekly Returns

Statistics
Markets

USB NFGB

Mean -0.1042 0.060432

Maximum 15.468 28.5820

Minimum -16.4610 -22.9570

Std. Deviation 21.4975 0.3440

Skewness -0.1236 1.6230

Kurtosis 1.5690 20.202

J-B Statistics (Probability) 32.798 (7.55e-008) 5442.8 (0.0000)

Observations 312 312
ADF -8.91965** -9.33829**

* Significant at 5% level ** Significant at 1% and 5% levels
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MGARCH DCC (1,1) Results
The bivariate DCC model applied in the analysis

allows for a time varying correlation structure. The
coefficient μ corresponds to the mean equation
parameter, while α and β represents the US Bond
versus FGN Bond. As reflected in Table 2, the sum of the
variance equation parameters αii and βii are not close to
1, which shows the weak persistence of conditional
volatility. The estimated conditional correlation (-
0.0545) is negative and very weak, reflecting a weak
negative relationship between the two markets (Nigerian

Bond and US Bond Markets). This findings is slightly
different from the findings of Engsted and Carsten
(2005), where the correlation between US and German
monthly excess bond returns over the period 1975 to
2003 is +0.54, which indicates a high degree of co-
movement of US and German bond markets..
Furthermore, the sum of “α” and “β” is equal to
0.835537. Therefore α + β < 1 proves the process
described to be mean reverting. The implication behind
this is that after a shock occurs, the correlations will in
time return to the long-run unconditional level.

Table 2: Bivariate DCC (1,1) estimation results between US Bond and Nigerian Bond Markets
Parameter Coefficient Std.Error t-value t-prob
μ1 -0.010175 0.26470 -0.03844 0.9694

μ2 1.765516 0.90642 1.948 0.0524

ω1 0.110281 0.040124 2.749 0.0063*

ω2 0.789664 0.053542 14.75 0.0000**

α1 0.744276 0.49426 1.506 0.1331

α2 -0.019016 0.43249 -0.04397 0.9650

β1 -0.559336 0.47119 -1.187 0.2361

β2 0.191131 0.39276 0.4866 0.6269

A 0.000000 0.00013207 0.00 1.0000

B 0.835537 21.904 0.03814 0.9696

ρ21 -0.054446 0.054656 -0.9961 0.3200

Log-likelihood= -1624.92
Note:ω, α, β are the estimates in Equation (5), ρ21 calculated from Equation (9) and Log-likelihood in Equation (10)

CONCLUSION
This paper analyzed the weekly return volatility

spillover between Nigeria and US bond markets by fitting
a bivariate DCC-GARCH (1, 1) model. The study discovered
a weak negative relationship between the Nigerian and
US Bond market returns and proves of mean-reverting
process in the time-varying conditional correlation. The
paper therefore, contributes to international market
relationships, as the volatility co-movement between the

two selected markets has to the best of our knowledge,
not been used before. Consequently, bridging the gap in
literature and providing more information to investors
and intending investors who might want to invest in the
Nigeria financial markets and for policy formulation by
the federal government on Nigeria.
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