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ABSTRACT

We investigate the relationships between the sovereign bonds issued in

international markets by major Asia-Pacific issuers (China, Korea, Ma-

laysia, Philippines and Thailand) and various benchmark US Treasury

bonds (2, 5, 10 and 30 year maturities). The results suggest that the

equilibrium relationship holds only between pairs of bonds of equivalent

credit status. The dynamics of these processes highlight aggregation is-

sues for portfolio managers constructing portfolios of sovereign Asian

bonds of different credit ratings.
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1. INTRODUCTION

Following the Asian Financial Crisis in the late 1990s there has been a
considerable deterioration in the levels of foreign bank lending, while debt
issues in international markets have increased. Pricing in these offshore
markets is usually based on a spread, which reflects the premium for default
risk, above a riskless ‘‘benchmark’’ curve; in practice, generally the term
structure of US government securities (De Almeida, Duarte, & Fernandes,
1998).

The objective of this note is to apply simple empirical techniques to in-
vestigate the relationships between sovereign bonds issued within the Asia-
Pacific region and the underlying US Treasury benchmark1 bonds with a
maturity of 2, 5, 10 and 30 years. Such an analysis is essential to pricing and
managing the risks of sovereign debt in international markets, while also
providing an insight into the equilibrium relationship between different
maturity classes of sovereign bonds and US Government benchmark bonds.
Historically, studies investigating long-term equilibrium relationships have
been restricted to securities of developed countries (for example, see Hiraki,
Shiraishi, & Takezawa, 1996).

These issues are investigated using empirical models based on Batten,
Hogan, and Pynnonen (2000) for the equilibrium relationships. The paper is
set out as follows. In the next section, a brief discussion is provided on data
and method employed in this study. The results are then presented and the
final section allows for some concluding remarks (see Table 1).

2. DATA AND METHOD

Daily bond data was obtained from the Reuters Fixed Income Database for
the period from 30 December 1999 to 28 November 2002 (749 daily ob-
servations). All bonds were fixed rate, semi-annual coupons priced on a 30/
360-day basis. The yield to maturity (YTM) was calculated as the QA :1ISMA
yield to maturity, with indicative daily bids provided by market practition-
ers at the close of trading. To overcome potential distortions in yield due to
illiquidity and the time path effects due to the bond approaching maturity,
only liquid bonds and those with a modified duration of greater than 1 year
were included in the final group of bonds. Only nine bonds issued by the
governments of China (3 bonds), Korea (1 bond), Malaysia (1 bond), Phil-
ippines (3 bonds) and Thailand (1 bond) passed these simple tests and also
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had a complete set of price data. Table 1 reports this information as well as
information on the issue date of each bond and its maturity. The price and
yield to maturity of the bond at the end of the sample period (28 November
2002) are also reported. The correlations between the bond pairs, reported
in Table 2, are generally low and are below 0.5. The highest correlation was
between the US30 and US10 with a value 0.473. The correlations between
the nearest maturity Asian international bonds are higher than between
bonds of differing maturity.

Batten et al. (2000) denote the continuously compounded yield to ma-
turity of a k period pure discount bond as R� k; tð Þ; k ¼ 1; 2; . . .ð Þ: Using their
notation, a general relationship between maturities of pure discount bonds
is

R�ðk; tÞ ¼ 1

k

Xk

j¼1

Et R
�ð1; tþ j � 1Þ½ � þ Aðk; tÞ (1)

where A k; tð Þ is a risk premium, with traditional theories of the term
structure ( QA :2Hall et al., 1992) focusing on the properties of the premium. The
pure expectation hypothesis asserts that A k; tð Þis zero and the expectation
hypothesis that the premiums are constants. In our case of Asian sovereign
bonds, there is a risk premium over an otherwise similar ‘‘risk-free’’ gov-
ernment bond, generally considered the equivalent US Treasury bond by the
financial markets. Let D k; tð Þ denote the risk premium for the Asian sov-
ereign bond over the US government bond, and then from (1) we get the
following model for the yield of the Asian sovereign bond

R k; tð Þ ¼ R� k; tð Þ þD k; tð Þ (2)

Thus, using QA :3(4) we can write

R k; tð Þ � R 1; tð Þ ¼ R� k; tð Þ � R� 1; tð Þ þD k; tð Þ �D 1; tð Þ

¼ 1

k

Xk

j¼1

Et R
� 1; tþ j � 1ð Þ½ � � Et R

� 1; tð Þ½ � þ A K ; tð Þ

þD k; tð Þ �D 1; tð Þ

¼ 1

k

Xk�1

j�1

Xj

i¼1

Et DR� 1; tþ ið Þ½ � þ A k; tð Þ þD k; tð Þ �D 1; tð Þ ð3Þ

where DR� 1; tþ ið Þ ¼ R� 1; tþ ið Þ � R� 1; tþ i � 1ð Þ
Given that R� 1; tþ ið Þ is Ið1Þ (integrated of order one), the differenc-

esDR� 1; tþ ið Þ are therefore stationary implying that the (double) summa-
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tion term in the last line of (3) is stationary. Therefore, the important result
predicted from the theory is that the yield spread R k; tð Þ � R 1; tð Þ is sta-
tionary since the maturity premiums A k; tð Þand default risk premiums
D k; tð Þ �D 1; tð Þ are stationary. The next section reports the results from the
correlation and cointegration analysis.

3. RESULTS

Given that the risk premiums, D k; tð Þ defined in Section 2, can be assumed
stationary, theory predicts that the series should be cointegrated with a
cointegration vector 1;�1ð Þ: To establish these relationships, Johansen un-
restricted cointegration analysis was conducted using the daily bond data
over the sample period. These tests have been applied by other authors on a
daily yield time-series to determine the presence of a cointegrating relation-
ship (Batten & Bae, 2003). Table 3 QA :4reports the corresponding likelihood
ratio for various combinations of bond pairs between the various bonds.
The Augmented Dickey-Fuller tests for stationarity of the spreads and the
yields were also calculated but in the interest of brevity are not reported. The
full sample test statistics show no evidence against the null hypothesis that
there was a unit root in yield levels, but the data clearly rejects the null
hypothesis that there was a unit root in the difference. A reasonable con-
clusion from these results is that each yield to maturity is integrated at order
one (i.e. they are an I(1) process) with all tests supporting the unit root
hypothesis at the 1% level of significance for all the data series. However, all
combinations of spread (levels) are non-stationarity, which suggests the
spreads also follow I(1) processes, or equivalently, that the stochastic trends
which play the dominating role in the behaviour of the yields are inde-
pendent of one another. The five lags proved to be sufficient to ensure that
the residuals were not serially correlated.

There were 78 (13 by 12/2) possible combinations comprising six different
pairs of US benchmark bonds, 36 pairs of bonds between US bonds and
Asian bonds, and 36 different pairs of Asian bonds. Of the 78 possible bond
pairs, only 34 (43.5%) were cointegrated at the 5% level. Of these 34 co-
integrating pairs, 3 were between different pairs of US benchmark bonds (3/
6 or 50%), a result which is inconsistent with the Expectations Hypothesis;
13 were between Asian bonds and US bonds (13/36 or 36.1% of all possible
combinations) and 18 were between pairs of Asian bonds (18/36 or 50.0% of
all possible combinations). The highest number of pairwise combinations
was between the US 2-year benchmark (US2), which was cointegrated with
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all 12 other bonds. The other US bonds were generally not consistently
cointegrated with any particular class or group of bonds.

Of those pairs of Asian bonds, it is interesting to note that with one
exception the Philippines bonds were only cointegrated with one another
and with the US 2-year benchmark bond. In fact the three pairwise com-
binations of China bonds and the three pairwise combinations of Philip-
pines bonds were both 100% cointgerated – a result consistent with
Expectations Theory. If one excluded from the set of all pairs of Asian
bonds, those pairs between with the same issuer (36–6), then the within
group cointegrating pairs of Asian bonds was only 40%((18–6)/30). The
reason for this result is that with one exception, the Philippines bonds were
not cointegrated with the other Asian bonds. This is an important result for
financial market participants since bundling groups of Asian issues into a
portfolio of bonds may result in complex portfolio dynamics and difficulty
in risk management.

To illustrate this complex behaviour, Figs. 1 and 2 QA :5plot the spread be-
tween two pairs of bonds: the PHG08-CHG08 and the KOG08THU07.
Even though these bonds have equivalent maturity, the first pair is not
cointegrated, while the second pair is cointegrated. The property of mean
reversion expected from a cointegrating pair of bonds is evident in Fig. 2
(KOG08THU07), but not in Fig. 1 (PHG08-CHG08). In fact, in Fig. 1 the
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spread rose significantly from observation 1 to 460, then, declined to ob-
servation 620, and then, subsequently rose. Over the sample period the
spread increased overall.

4. CONCLUSION

The objective of this note was to report the results of an examination of the
equilibrium dynamics of Asian international bonds within a cointegration
framework. The results from cointegration analysis suggest that the equi-
librium relationship holds between pairs of bond of similar credit rating.
The implication of this result is that there are definite limitations to the
market approach for pricing and managing the risk of Asian bonds in in-
ternational portfolios.
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NOTES

1. Benchmark bonds of a specific maturity are interpolated from yields of selected
on-the-run bonds using splining or other techniques (Kim, Moon, & Lee, 1998).
Industry associations usually specify bonds, which are the most liquid, for this pur-
pose.
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