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ABSTRACT

One influential aspect of international integration of financial markets is the possibility of re-
ducing divergences between domestic interest rates and foreign interest rates or of increasing the
degree to which yields in different financial markets move together over time. The issues of concern
here relate to a basic mapping out of trends and cycles rather than attempts to model causality di-
rectly. In the study, these trends and cycles are derived using the Kalman filter and the practice of
time varying parameter (TVP). Although our results shows no evidence of real interest rate con-
vergence in sample Asian countries, it indicates there is some degree of interdependence because

their real interest rates have maintained quite stable relationships since 1986.
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1. INTRODUCTION

Researchers have presumed that the international integration of financial market
would reduce the gap between interest rate at home and abroad because the government
-imposed barriers to international flow of capital were gradually relaxed. The equality of
real interest rates, which implies foreign monetary effect could be transmitted to dom-
estic country, has posed a imminent challenge to local monetary authorities when they
attempt to purse independent economic policies. The equality of real rates could be a
watchdog for the international investors because the anticipation and interpretation of co
-movement of domestic and foreign interest rates would certainly reduce the cost of capi-
tal price which is interest sensitive. This provides the reasons why researchers have
employed different econometric examinations to analyze the movements in real rate and
the degree of linkage between real rates in different countries.

Unfortunately, those results have yielded mixed evidence for the equality of
real interest rates. Criticism upon the mixed results has focused on the misuse of meth-
odology. For example, Modjtahedi (1988), Krugler and Neusser (1993) and Goodwin and

- Grennes (1994) have owed the mixed results to the drawback of conventional regression
methodology: the long run dynamic behavior of real interest rates is ignored. They argue
that the failure of short-run validity of the real interest rate parity (RIP) could be
explained by the less than perfect integration and adjustment between domestic and
foreign market, which in the short run could be attributed to transaction costs, the exist-
ence of taxation, a risk premium in the foreign exchange rate market, and other imper-
fection between the markets. As a result, they call for a long-run econometric tests, in-
cluding VAR multi-step forecast (Modjtahedi), co-dependent time series (Krugler and
Neusser), and cointegration technique (Goodwin and Grennes). Modjtahedi concludes
that the long-run real interest rate differentials are not always zero, and Krugler and
Neusser, Goodwin and Grennes have come to the same conclusion that deviations from

RIP are significant but disappear in the long run. But the long run test also strikes us with
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several wonders: To what degree the international market is called "perfect” market? And
is the elimination of the gap between real interest rates indicative of the "perfect” state?
Or inversely, is the widening gap between real interest rates is the outcome of imperfect
market situations?

Assume the previous studies have persuaded us that there is a long-run equilibrium
relationship between real interest rates, but the central question arises: How long is long
run? (A question puzzles Modjtahedi). This question would be more intriguing to local
monetary authorities and investors. However, those VAR-based time series analysis could
not give us a satisfactory answer to our curiosity. In this paper, we propose an alternative
which is based on the concept of the Kaman Filter, originally developed by Kalman
(1960). In the literature the commonly used method is least square optimization. The
Kalman filter is a natural extension of this approach. In fact, it can be though of simply
as regression model in which the explanatory variables are functions of time and the
parameter are time varying. Harvey (1997), a proponent of this technique, has criticized
that VAR-based cointegration methods are limited in scope. First, VAR analysis, like unit
root test, has very poor statistical properties. Harvey points out that a structural model can
extend the restrictive use of a deterministic trend that are commonly assumed in most
VAR analyses. For example, the test for unit roots, which is composed of deterministic
trend plus a stationary component, is implausible in many time series analyses. In a struc-
tural time series model, the parameters are essentially assumed to follow random walk.
This leads to a stochastic trend in which level and slope are allowed to evolve over
time. By using the Kalman filter, the trend is extracted by a smoothing algorithm, and the
parameters that govern the evolution of the trend are estimated by maximum likelihood.

One purpose of this study is to show that conventional tests of interest rate equality
using the framework of cointegration and unit-root testing may not provide us satisfac-
tory answers. Different from previous works,! testing the stationarity of real interest is
irrelevant to our model setting. The real interest rates are all used in levels. Also, the con- -

tribution of this study to the existing literature regarding the equality of interest rates is
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twofold. First, to the best of our knowledge, there is lack of research carried out to test
for the convergence of real interest rates across Asian market. The recent financial lib-
eration of Asian market in 1980s have provided us a opportunity to review how those
newly industrialized countries react to traditional economic powers, such as the United
States and Japan. Second, by applying the time varying parameter estimation, the readers
are provided with the information of when real rates would tend to maintain a equal
relationships with each other in the whole time span; in other word, the short-run and long
run effects of interest rates can be immediately understood.

The scheme of this paper is follows. Section 2 reviews the earlier work of the field.
Section 3 describes the methodology and formulates the basic equations and testing hy-
potheses. Section 4 details the data sources and reviews the empirical results. Section 5

concludes this study.

2. REVIEW OF EARLIER WORKS

The international linkage of interest rates is recently studied by testing for the
- equality of real interest rates across countries. Most of the researchers focus on the
interest rate co-movement between U.S. and the industrial countries such as European

Monetary system (EMS). The line of research generally follows such a regression

equation:
i =a,+ B +¢ (1)
il =a, + B, +¢, (2)

where i/" and i,f stand for domestic real interest rate and foreign interest rate

respectively. It is supposed that interest rate parity will stand when the joint hypothesis

! There have been dichotomous results for testing the unit root of the real interest rate. The confused results
have led to different approaches analyzing the equality of real rates. For example, when real interest rates
are proved to be I(1), then the VAR and cointegration tests are often applied; when real rates behave as I
(0), the conventional regression and co-dependent approach are usually proposed.
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thata =0 and S =11is not rejected.

Cumby and Mishkin (1986) base their research on the regression analysis in analyzing
the likage of real interest rate between U.S. and EMS. Their results indicate that real rates
within European are not more closely linked with one another than they are with U.S. real
rates. Besides, European real rates typically do not move one-for-one with U.S. real
rates, thus leaving open the possibility that European monetary policy could influence U
.S. economic activities. The conventinal regression test has, however, been challenged for
several reasons. First is the methodological critique. It is criticized that a simple re-
gression without considering the stationarity of the variables could lead to a spurious re-
gression (Granger, Newbold 1974; Phillips 1986), which shows the sympoms of higher
R?, significant t-statistics,but meaningless results. Second is that regression analysis could
not provide the direction of causality. In this regard, bilatral granger causality test is often
employed to reach the conclusion. Hartman (1984) uses Granger causality test to examine
the Eurodollar and U.S. domestic financial market. He concludes that there is a two-way
causality between Europe and U.S. money market. That is, U.S. financial market is
affested significantit by events occuring outside the country, and Eurodollar market is
affected by events occuring in the United States. It is interesting to note that after 1984,
researchers conduct quite similar studies but come up with different results. Katsimbris
and Miller (1993) use trivariate causality and conclude in accordance with Cumby and
Mishkin. Nevertheless, Fung and Isberg (1992) find the causality effects seem to be
inconsistent over time. There exists undirectional casuality from Europe to U.S. market.
They explain the phenomenon is due to the expansion in the size of Eurodollar market
and increase in the volume of Eurodollar futures trading after 1984.

Even with mixed results, those studies all strongly argue the conventional regression
of real interest rates may be misleading because they fial to consider the evidence of less
than perfect integration and adjustment between domestic and foreign markets which in
the short run could be attributed to transaction costs, the existence of taxation, a risk pre-

mium in the foreign exchange market,and other imperfection between markets.
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According to reasons mentioned above, recent studies swith their focus on real
interest rate parity fromn a short-run view to a long-run perspective. A long-run
perspective is supposed to allow the variations in differéntials between real interest rates
which are created by the imperfect market conditions. Modjtahedi (1988) first derive a
linear dynamic stochastic process to test the equality of ex-ante interest rates between
US. and OECD countries. The empirical evidence rejects the short-run equality of ex-ante
real interest rates and indicates there is significant time variation in the short run
deviations from long-run interest differentials, but real interest differentials convey to
their lon-run equilibrium in a period of six months. It is worthy to note that the long-run
interest rate values are not always zero which is contrary to common hypothesis of a zero
long-run mean of the real interest rate differentials. Using a test for cointegration,
Goowin and Grennes (1994) provide results which are consistent with the notion of a long
-run equilibrium relationship between real interesrt rates in the U.S. and rates in the major
industrial countries, which implies that there is a stronger link among the financial
markets of the major industrial countries. However in a related study, Throop (1994)
provides evidence against the equality of real interest rates across countries. He attributes
the mixed results to the ever-changing currency risk premia. Throop emphasizes that
exchange rate expectations and premia for exchange rate risk are the main force driving
the wedge between real interest rates. He suggests to perform empirical studies to
isolate the fundamental economic factors that tend to cause changes in the currency risk
premia. In applying cointegration testing procedure, it is well known to assume the
relevant variables series are nonstationary. In above studies, interest rates series are all
suggested as I(1) processes, which mean they all contain a unit root. But in the paper
of Neusser (1991, 1993), the ex-post real interest rartes are suggested to be stationary.
His stationary multivariate time series approach based on the concept of co-dependence
shows that deviations from real interest rate parity are significant in the short run but dis-
appear in the long run.

It is shown that most of the literature have concentrated on finding the short run and
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long run relationships between real interest rates; however, the dynamics of real interest
rate differentials are often ignored. It will be more interesting to study the dynamics as
the monetary authorities can judge their policy effectiveness immediately. In the fol-
lowing section, we will try to emply a different methodology to interpret this important

issue.

3. HYPOTHESES AND METHODOLIGY

3.1 Testing Hypotheses

In our study, each country are treated the same as a potential driving force of other
country’s interest rates variation, and we mainly focus on Asian Market Integration, which
includes Japan, Taiwan and South Korea. The next equation is used for the purpose of
this study

v = A(t)+ B(r™” (3)

where »'" and " are the ex post real interest rates for Taiwan and Japan. A(¥) is defined
as risk premia, which are asumed to stand for the imperfection existing between both
markets. Both A(f) and B(¢) are carried out as time-varying parameter (TVP). This
equation mainly takes the Taiwan and Japan as the reference countries. If we want to
focus on the relationship of Japan and Korea ( #**), the equation can be rewritten such
as 1" = A(t) + B(t)r*".
Generally, we would like to test the following hypotheses for equation (3). First, If the
differences between Taiwan and Japan real rates are getting smaller, we would expect to
see the time varying parameter of A tending toward zero (0) over time, and B is tending
toward 1. Second, if A and B maintains as a constant line, this would indicate that
there is a stable relationshop between Taiwan and Japan real interest rates.Third, if the
value of B is stable but the risk premia (A) is showing a tendency of sharp increase or
decrease, and deviating from zero, then there is no stable relationship between Taiwan

and Japan. Similarly, if the the time varying parameter of B is unstable but risk premia
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is stationary, a stable relationships could not stand. Furthermore, the TVP of B tending
to zero would lead to a possibilty that the relationship between interest rates in any two

countries exhibit a rnadom walk behavior.

4. DATA AND EMPIRICAL RESULTS

4.1 Data

This study tests the convergence of real interest rates using monthly observations over the
period 1970:1 to 1999:9. All the interest rates data are taken from the International
Financial Statistics (IFS). Inflation rates are measured by changes in the seasonally
adjusted consumer prices indices (CPI). For all the countries, the nominal interest rates
are mainly taken from the short-term Treasury bills rates. The real interest rates are de-
fined from the Fisher condition as: #, =i, ~ 7, , where , denotes the domestic ex post
real interest rate, and nominal interest rartes and inflation rates over the period ¢ to

+1 are denoted by j, and 7, , respectively.

4.2 Empirical Results

It is shown that even in the earlier 1980s the time varying estimator (TVP) maintains
a stable value (0.7), accompanied with a stable premium close to 0. This indicates that
at least there is a stable relationship between Taiwan real interest rate and Japan.
However, beginning from 1982 and ending in 1986, B was sharply dropped from 0.7 to
0.4, indicating that there is a widening gap between Taiwan and Japan real rates. Thus,
the differentials are not clear. The TVP of B is clearly stable after 1986, we can see there
is strong evidence of a stale relationship. The results may explain there is market struc-
ture break happening in 1981, a starting point of Taiwan financial market liberalization.
The fluctuation of B value can be described as a transitional period. The relationship be-
tween South Korea and Japan is surprisingly stable in the whole picture. With B going
around 0.1 and constant risk premia since 1981, it is strongly suggested there is a similar

path of real rate moving. The results from regressing South Korea real interest rates on
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Taiwan real rates are also obtained and they reinforce the above argument. Since both
countries began their financial liberalization in 1981, the B parameter is showing a sharp
increase from 0.1 to 4.1, which may represent a period of market readjustment. To
conclude, there is no clear evidence indicating the equality of real interest rates among
those countries, but from 1986, the linkages between Japan and the two newly
industrialized countries seem to be stably jointed, which may support, in part, the

financial integration of Asian Market.

5. CONCLUSIONS

This paper attempts to discuss the equality of real interest rates in a different
perspective. The use of time-varying parameter, which is based on the technique of the
Kalman Filter, allows us to go beyond the conventional regression analysis, and discover
the whole evolution of real interest rate convergence, which can not be achieved by using
the cointegration tests.

The results provide no evidence supporting the equality of real interest rates in Asian
sample countries, but their relationships between real interest rates are stable since 1986.
The result indicates there is some degree of interdependence in the latter periods. As
suggested by most authors, the risk premium is playing an important role contributing to
the differentials between real interest rates. In our study, we also fail to isolate the fun-
damental economic factors that cause changes in the risk premia. Further research is
needed to adopt a more complete time series structural model in order to determine driv-

ing force of the risk premium.

~ 185~



RGEHRERMFRE BB 4 P.177~P.188

REFERENCES

1.Baxter, M. and M. Crucini, 1993, Explaining saving-investment correlation, American
Economic Review 83, 416-36.

2.Cooley T. A. and Leroy, S. F., 1985, Atheoretical macroeconomics: a critique, Journal
of Monetary Economics 16, 283-308.

3.Cumby, Robert. E and Frederic S. Mishkin, 1986, The international linkage of
real interest rates: The European-U.S. Connection, Journal of international Money
and Finance 5, 5-23.

4 .Cumby, Robert E. and Maurice Obstfeld, 1984, International interest rate and price
level linkages under flexible exchange rates: a review of recent evidence, In Exchange
Rate Theory and Practice, edited by John Bilson and Richard Marston. Chicago:
University of Chicago Press.

5.

and Mishkin, Frederic S., 1997, The predictive power of term structure of interest
rates in Europe and the United States: implications for the European Central Bank,
European Economic Review 41, 1375-1401.

6.Fung, Hung-Gay and Steven C. Isberg, 1992, the international transmission of
Eurodollar and U.S. interest rates: a cointegration analysis, Journal of banking and
Finance 16, 757-769.

7.Goodwin, Barry K. and Thomas J. Greene, 1994, Real interest rate equalization and
the integration of international Financial markets, Journal of International Money and
Finance 13, 107-124.

8.Granger, C. W. and Newbold, P., 1974, Spurious regressions in Econometrics,
Econometrica 2, July, 111-120.

9.Hagen M. Hanns and Kirchgassner, G., 1996, Interest rate-based forecasts of German
economic growth: a note, Weltwirtshaftliches Archive, Fall, 132, n4, 763-774.

10.Harvey Andrew, 1997, trends, cycles and autoregressions, The Economic Journal 107,
Jan., 192-201.

~ 186~



The Financial Integration of Asian Market Revisited: Empirical Findings Using the Kalman Filter Analysis

11.Harvey Campbell R. 1997, The relation between the term structure of interest rates and
Canadian economic growth, Canadian Journal of Economics 30, nl, 169-193.

12 Hartman, David G., 1984, The international Financial market and U.S. interest rates,
Journal of International Money and Finance 3, 91-103.

13.Katsimbris, George M. and Stephen M. Miller, 1993, Interest rate linkages within the
European Monetary System: further analysis, Journal of Money, Credit, and Banking
25, November, 771-779.

14 Kafakis, Costas J. and Demetrios M. Moschos, 1990, Interest rate linkages within the
European Monetary System: a time series analysis, Journal of Money, Credit, and
Baking 22, 338-394.

15.Kirchgassner, Gebhardt, and Jurgen Wolter, 1987, U.S.-European interest rate
linkages: a time series analysis for West Germany, Switzerland, and the United
States, Review of Economics and statistics, November, 675-684.

16 Kugler, P. and K. Neusser, 1993, International real interest rate equalization, Journal of
applied Econometrics 8, 163-174.

17 Modjtahedi, Bagher, 1988, Dynamics of real interest differentials, European Economic
Review 32, 1191-1211.

18.Neusser, K., 1991, Testing the long-run implications of the neoclassical growth
model, Journal of Monetary Economics 27, 3-37.

19.Phillip, p. and P. Perron, 1988, Testing for a unit root in time series regression, Biometrika
75, 335-46.

20.Throop, Adrian W., 1994, International financial market integration and linkages of
national interest rates, Federal Reserve bank of San Francisco Economic Review,

3-18.

~ 187~



BRI B TS — %8 T4 P.I77~P.188

HREMTISESRBER - FHSRBECERER

ERBHARIE

e
AW S SE R 8 8 % (Kalman fliter) 5 ¥ 5 84 8) 2 8 (time varying parameter)’K
SRR SR BEERN - SAEE R %M A R BRI B F R 4 2 By e 3
BEE > FABMERERRBEE (causal mode)fF 522 BhHH » 3 IR — i R AU — 3 —
ZEFREIRE] - AR REARBEMNSMTTBEENRESCHE - ARREAREL
BREENEEES -

B SRS FR - RERBH2H (TVP) » FEHSERE

~ 188~



