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Abstract

This study is concerned with the mean reverting behavior of real interest differentials in ten Asian economies using Japan as the base country.  Besides the univariate ADF test, the latest panel unit root tests developed by Im, Pesaran and Shin (2003), Harris and Tzavalis (1999) and Breitung (2000) are also applied in our analysis.  We obtain a number of interesting results: First, the conventional ADF test fails to support Real Interest Parity (RIP) for at least half of the countries, even for the post-financial liberalization period.  Second, the evidence based on panel unit root tests demonstrates that real interest rate differentials exhibit mean reverting behavior and are characterized by long-memory dynamics for the sample period 1985:Q1-1997:Q2.  This result holds even when the sample period is extended to include the Asian crisis.  Finally, the evidence suggests that deviations from RIP in the Asian countries have a half-life of approximately 6 to 7 months.  Together, these findings support the strong form of RIP between selected Asian countries and Japan.  Thus, our findings demonstrate the power deficiency of classical unit root tests and to a great extent provide evidence in favour of regional financial convergence, a fundamental requirement for an Optimal Currency Area.
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A Panel Study on Real Interest Rate Parity in East Asian Countries: 

Pre- and Post-liberalization Era

1.  Introduction


The last twenty years have witnessed a massive increase in the degree of international financial integration in both industrialized and developing countries prompted by technological breakthroughs, financial liberalization, and growth in the volume of trade (Obstfeld, 1998).  The rapid growth in the flows of financial capital worldwide has contributed to nominal interest rate convergence and in some cases has facilitated the movement towards a single currency.  A notable example is the increasing financial integration among EU countries during the 1990s that culminated in the launch of the euro, the common currency circulating in 12 European countries that joined the euro zone on 1 January, 2002.  In the run up to the single currency, EMU member countries lost a large part of their monetary independence as their monetary policy stance was dictated by Germany’s central (anchor) role in the system.  


Increasing financial liberalization in East Asia countries since the mid-1980s has fuelled a lively debate regarding the optimum exchange rate regime for the region.  Some economists (Mundell, 2003) have advocated the use of a common currency preceded by anchoring to an existing currency or a group of currencies
.  It is anticipated that more financial integration will facilitate nominal interest rate convergence and, depending on the exchange rate regime, may lead to inflation convergence.  In these circumstances, real interest rate convergence might also obtain, thus making national monetary policy a less effective stabilization policy tool, as real interest rates will be dictated by a leading country in the region, e.g., Japan.  It is therefore important to know to what extent financial integration has led to a long-run equilibrium relationship among real interest rates in the East Asian countries
.  To this end, we apply unit root tests (both standard ADF and panel tests) on real interest rate differentials vis-à-vis Japan which takes the role of the reference or center country due to its large share in the volume of trade in the region and the leading role of the yen in international transactions involving East Asia countries.  We make use of these tests in the pre- and post-liberalization periods.  We also examine whether the Asian financial crisis has had any impact on the degree of real interest rate convergence vis-à-vis Japan.  The results of our analysis will shed light on the issue of financial interdependence among countries in the region, which has a bearing on the recent discussions on the most appropriate exchange rate regime to be adopted by these countries.  

The rest of the paper is organised as follows:  section 2 offers an account of the movement towards financial liberalization by the East Asian countries.  Section 3 presents the theoretical framework that sets out the hypothesis to be tested and gives a short summary of the existing empirical literature.  Section 4 summarizes the econometric methods employed in the paper and section 5 reports our econometric results.  Finally, the last section summarizes our main results and provides some policy implications of these results.

2.  Financial Liberalization in Asian Countries

During the past three decades or so most of the Asian countries have taken steps to promote economic efficiency by liberalizing their domestic financial systems and removing restrictions on capital flows (Habibullah, 1999).  Financial liberalization efforts in the East Asian countries followed almost the same pattern and took place primarily in two stages.  In the first stage, foreign exchange controls, as well as, the ceilings on deposits and lending rates were progressively removed, though at different times.  Hong Kong (1973), Singapore (1975) and Malaysia (1978) were among the first countries to liberalize their interest rate controls.  In Indonesia, Philippines and Sri Lanka, interest rates were fully deregulated in the early 1980s.  Taiwan, Thailand and South Korea did not abolish their interest rate ceilings until mid to late 1980s.  For South Korea, the prospect of becoming an OECD-member country was instrumental in the move towards liberalizing its financial market.  In Japan, interest rate deregulation began gradually in 1979 and was only completed in 1994, while its foreign exchange transactions were liberalized in 1980.

The second stage of the liberalization process witnessed the opening up of the capital accounts during the late 1980s.  Guarantees were given to non-residents that they would be able to withdraw their investments.  Also, restrictions on foreign asset holding by residents were relaxed.  Many of these countries allowed the private sector to have access to external finance for the first time.  The widespread liberalization of financial markets as well as external factors like a sustained decline in world interest rates and recession in the industrial economies led to a surge in foreign capital into the region
.  However, due to the easy-ready external funding, both the banking and corporate sectors became extremely dependent on foreign short-term debt liabilities.  The volume of short-term debt was almost twice as much as international reserves before 1997 and countries issuing the debt were vulnerable to possible attacks by international speculators. Some observers could see where this type of short-term speculation was leading, but they were not willing (or unable) to impose regulations on banks and investors.  In short, these huge short-term debts along with the pegged exchange rate system, and lax regulation and supervision of the financial markets have been attributed to the destruction of the regional financial system in 1997.  The financial crisis was like a snowball affecting most of the countries in the region in a short period. 

Figures 1, 2, and 3 plot real interest rates in eleven Asian countries.  During the pre-liberalization period, real interest rates were negative in several of the countries considered.  However, by the mid-1980s, interest rate liberalization along with economic progress had resulted in positive and stable real interest rates in most of the Asian countries.  The authorities in these countries viewed interest rate stability as an important policy variable in promoting a stable financial system and contributing to a more effective monetary policy transmission mechanism.  The positive and stable real interest rates contributed to the increase in the volume of resources available to the financial system, as funds previously held outside the formal financial sector found their way to the banking system.  

There were only three periods in the past where Association of South East Asian Nations (ASEAN) countries were seriously threatened by negative real rates of interest (see Figure 1).  The first period was during the world oil shock in 1978, which caused the boost of world inflation.  Second, in the mid 1980s, the Philippines experienced political crisis and economic turmoil.  Finally, Indonesia faced negative real interest rates during the Asian crisis period as hyperinflation (60-70%) occurred due to the sharp currency depreciation and market chaos.  Like ASEAN countries, the four Newly Industrialized Economies (NIE) in Asia were affected by the world oil shocks in the late 1970s, resulting in negative real interest rates (Figure 2).  Relatively speaking, the capital markets in NIE-4 were much better developed than in the other Asian countries while the real rates of interest have stayed more stable and positive most of the time, showing some signs of interest rate targeting.  Even South Korea has tried to maintain positive rates during the Asia crisis. Hong Kong SAR, however, was facing greater inflation pressure during the 1990 - 1996 period (7 to 12 percent) due to the booms in asset markets, which in turn, reduced the real rates of interest.  On the other hand, Figure 3 demonstrates that the real interest rates in India and Sri Lanka have been more volatile and turned negative on several occasions.  For Japan, real interest rates have always been positive, relatively stable, but low.  According to Figures 1-3, real interest rate movements of the Asian countries share some similarities, in particular during the late 1970s, mid 1980s, and late 1990s.  For instance, there seems to have been more real interest rate convergence.  In addition, the data seem to support a comparable real interest rate decline during the same periods, offering some early signs of integration between Japan and Asian countries. 

[INSERT Figures 1, 2, and 3]

3.  Theoretical Framework

According to the Fisher equation, real interest rates are nominal interest rates adjusted for expected inflation. Real Interest Parity (RIP) implies equalization of ex ante real interest rates across countries.  In the absence of restrictions on the free flow of capital, movement of assets across countries would persist until all arbitrage opportunities are eliminated.  RIP requires a number of strong assumptions, such as absence of a country premium, the efficient market hypothesis, and zero expected real exchange rate change.  In short, RIP can be obtained by combining the Fisher effect in each country, the ex ante Purchasing Power Parity (PPP) relationship and the Uncovered Interest Parity (UIP) relationship
. 
The RIP relationship in its ex ante form states that Et(rt+k) = Et(r*t+k), where r is the real interest rate, and an asterisk refers to the foreign country.  It is straightforward to show that, assuming rational expectations, ex post RIP implies also ex ante RIP.   To test for RIP the following model is estimated:

rt = (0 + (1 rt*  + (t








(1)

where rt represents the ex post or observed real rate of interest in selected Asian countries and rt* the ex post or observed real rate in the base or reference country, which in the present case is Japan.  By imposing the restriction ((0, (1) = (0, 1) on the cointegrating regression (1), we have:

rt - rt* = (t









(2)

Given the specification in (2), RIP holds in a long-run equilibrium framework if (t is stationary, implying that the real interest differential is mean reverting over time
.  To test for the stationarity of (t, we rely on two types of unit root tests: the classical single-equation based ADF test, and the non-stationary panel-based unit root tests. 

Early empirical evidence on RIP used data on industrialized countries and classical regression analysis.  Their major finding was that RIP does not hold (e.g., Cumby and Obstfeld, 1984, Mishkin, 1984, Mark, 1985, Cumby and Mishkin, 1986).  The results of these studies were subsequently invalidated by developments in the econometrics of nonstationary time series.  More favourable evidence on RIP was obtained with the use of unit root tests and cointegration techniques (e.g., Goodwin and Grennes, 1994, Wu and Chen, 1998, Wu and Fountas, 2000).  In particular, Chinn and Frankel (1995) and Phylaktis (1997) use data for Asian countries and find some evidence in favour of RIP between some Asian countries and Japan.  Baharumshah and Goh (2001) use cointegration analysis and find that the currencies of several Asian countries share a common trend, thus supporting the argument for a yen block.   

4.  Empirical Methodology 

4.1.  Panel Unit Root Tests


Testing for a unit root in time series studies is by now a common practice in applied time series research.  However, it is well known that unit root tests have low power when the root is close to one.  In addition, Shiller and Perron (1985) find that the power of the ADF test is low with a short time span.  Hence, one possible reason for the failure of existing studies to find evidence in support of RIP may be the low power of the tests used in the empirical analysis.  Another more recent approach to examine the stationarity of a series is to apply panel data unit root tests; see, for example, Levin and Lin (1992, LL hereafter), Im, Pesaran and Shin (2003, IPS hereafter), Harris and Tzavalis (1999, HT hereafter) and Breitung (2000), among others.  The attraction of panel data unit root tests is that they combine time series with cross-sectional information and thus may enhance the power of a unit root test.  

In this study, the non-stationary panel unit root tests advocated by IPS, HT and Breitung (2000),  are utilized to test for the RIP hypothesis.  The null hypothesis of these three tests is that the panel series has a unit root.  Rejection of the null hypothesis would imply that the levels of real interest differentials exhibit mean reversion, i.e., stationarity, and therefore, RIP holds.  The LL panel unit root test has been widely applied in the literature partly because it has high statistical power relative to the conventional single equation unit root tests.  The major criticism of the LL test is that it requires the coefficient (() of the lagged dependent variables to be homogeneous across all cross-section units of the panel, which suggests that each series reverts to its respective unconditional mean over time at the same rate.  Moreover, O’Connell (1998) claims that the LL test lacks power and suffers from significant size distortion in the presence of correlation among contemporaneous cross-sectional error terms. 

By allowing for a greater degree of heterogeneity, IPS (2003) propose an alternative testing procedure based on the mean group approach: the t-bar statistics and the group mean Lagrange Multiplier test (LM-bar).  Based on Monte Carlo experiments, Im, Pesaran and Shin show that the average LM and the t-statistics have better finite sample properties than the LL test by allowing heterogeneity across cross-sectional units.  Briefly, the test statistics are given by:
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and
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such that  
[image: image5.wmf]t

NT is based on averaging individual ADF tests while 
[image: image6.wmf]LM

NT on averaging across groups. Both means E(tiT | (i = 0), E(LMiT | (i = 0) and both variances Var(tiT | (i = 0), Var(LMiT | (i = 0) are obtained from Monte Carlo simulations with i= 1,2,…,N. 


In a different dimension, HT (1999) propose an asymptotic unit root test for first-order autoregressive panel data models with serially uncorrelated errors, under the assumption that N ( (, while T is fixed.  The HT unit root test is an extension of Levin and Lin (1993) and Quah (1992) and is based on pooled statistics (homogeneous panel), in contrast to the IPS test (heterogeneous panel).  The tests are based on the normalized least squares (LS) estimators of the autoregressive coefficient and allow for fixed and individual deterministic trends.  The corresponding models are as follows:
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Model (5a) is simply the homogeneous panel. Model (5b) is a unit root process with heterogeneous drift parameters under the null hypothesis, and a stationary process with heterogeneous intercepts under the alternative hypothesis.  Model (5c), which includes heterogeneous fixed effects and individual trends, provides a test with better power to distinguish between the null hypothesis that each series follows a random walk with drift, and the alternative hypothesis that each series is stationary around a deterministic trend.

More recently, Breitung (2000) investigates the local power of LL and IPS test statistics against a sequence of local alternatives. Breitung (2000) shows that the loss of power in LL is due to bias correction in LL and detrending bias in IPS.  Consequently, he proposes a class of t-statistics ((UB) that do not require bias corrections.  Monte Carlo experiments show the test power of the (UB to be substantially higher than that of LL or the IPS tests.  The simulation results indicate that the power of LL and IPS tests is very sensitive to the specification of the deterministic terms.  By defining the T ( 1 vectors 
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under the assumption of
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4.2.  Half-life Measurement

The half life of deviations from RIP is a useful criterion for assessing the degree of mean reversion of real interest differentials.  Suppose the deviation of the logarithm of the real interest rate differential 
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where 
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 is a white noise.  Then, at horizon 
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.  The half life of the deviation from RIP is defined as the horizon at which the percentage deviation from equilibrium is one half, that is:
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According to Holmes (2002), the estimates of 
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 in panel sets can be derived from the following demeaned regressions:
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The half-life is calculated as:
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The half-life measurement can be interpreted in two ways: the degree of deviation from its long run mean or, the speed of adjustment back towards long run RIP.  Either one will indicate whether RIP holds in its strong or weak form.  If, say, the half-lives of deviation from RIP are short, i.e., a few months, RIP will hold strongly.  However, if the half-lives are long, say 5 to 6 years, the strong form of RIP is ruled out.

5. Data and results

5.1. Data Description

The various tests outlined in the previous section are applied to a sample of quarterly data for ten Asian economies vis-à-vis Japan, which is taken as the base country.  Country classification is based on Asia Pacific Economic Cooperation  (APEC) membership.  The non-APEC members are India and Sri Lanka while the APEC members are the developed NIE-4 (Hong Kong SAR, Singapore, South Korea and Taiwan Province of China) and the developing ASEAN-4 (Indonesia, Malaysia, Philippines and Thailand).  To investigate the effect of liberalization and structural changes in Asian economies, we divide the period under consideration into three subperiods: the pre-liberalization era (1977:Q1 to 1984:Q4) and the post-liberalization era with the Asian crisis included (1985:Q1 to 2001:Q4) or excluded (1985:Q1 to 1997:Q2).  We choose the post-1985 period as the liberalization period because of a lack of synchronization in the timing of financial liberalization in these countries.

Real interest rates of these countries are constructed by subtracting the expected inflation rates from nominal interest rates.  For each country, expected inflation was estimated using the autoregressive distributed lag approach.  The choice of the nominal interest rate proxy is dictated by data availability considerations
.  The nominal interest rates employed in the study are: 3-month treasury bill rates for Singapore, Malaysia and Philippines; Inter-bank money market rates for Japan, Hong Kong, India and Thailand; discount rates for South Korea, Taiwan and Sri Lanka; and deposit rates for Indonesia. Only short-term interest rates are utilized due to the fact that long-term interest rates, such as government bond yields are unavailable for most of these countries.  To maintain the consistency and reliability of the data, we cross check with various sources such as International Financial Statistics (IMF), ADB Key Indicators, and Central Banks of respective countries.

5.2.  Empirical Results and Discussion

As mentioned earlier, according to equation (2), if real interest rate differentials are stationary and therefore reverting to the long run mean, RIP holds strongly between Japan and the selected Asian country.  Otherwise, there will be no cointegration between the two real interest rates. 


Table 1 reports the univariate ADF tests on the bilateral real interest differentials with respect to Japan during the first subperiod 1977Q1 to 1984Q4.  Obviously, the unit root null hypothesis cannot be rejected for all cases, suggesting the random walk nature of real interest rate differentials.  In other words, the mean reverting behavior is ruled out and RIP does not hold.  For the post-liberalization period 1985Q1 to 1997Q2 ending prior to the Asia crisis of 1997/98, most of the unit root null hypotheses cannot be rejected according to the ADF test at conventional significance levels (see Table 2).  When the sample period is extended to 2001Q4 (Table 3), further evidence of mean reversion of bilateral real interest rate differentials applies.  Evidence now applies for the interest rate differentials of Malaysia, Philippines, South Korea, Taiwan and India.  Nevertheless, this evidence on RIP remains partial.

INSERT [Tables 1, 2, 3]

Table 4 presents the panel unit root tests.  For the first subperiod, the results support the findings of the ADF tests reported earlier.  The absence of cointegration between the real interest rates of Japan and other Asian countries during the pre-liberalization period shows evidence against RIP.  These findings are not surprising due to the existing restrictions on capital movements in several countries, including Japan.  These results differ drastically when the post-liberalization period is considered.  When taken as a group, the panel unit root tests reject the unit root hypothesis for the post-liberalization period, before and after the crisis (Table 4).  The test statistics are consistent and highly significant at one-percent level, suggesting that the real interest differentials are undeniably mean reverting over time in the long run.  Indeed, the RIP is as well being supported when only the ASEAN-5 group is being considered, as illustrated by the results of Table 5. 

[INSERT Tables 4 and 5]
The evidence in favour of RIP during the post-liberalization era, even when crisis period is included in the analysis, highlights the substantial financial interdependence among the Asian economies and Japan.  This finding is attributed not only to the financial liberalization process in these Asian countries, but also to the Japanese international trade policy.  In addition, the results also indicate the benefits of using panel data in exploiting the cross cross-country variations of the data, thus, yielding higher test power in the estimation.  More important, the present study choosing Japan as the base country has, to a great extent, confirmed the Japanese leading role in the Asian financial markets.  Future fluctuations of real interest rates of an Asian country can be determined or forecasted, using the Japanese real rates as part of the information set.  The finding of the Japanese leading role through time is in line with the anecdotal evidence of Japanese influence in the region in the form of trade, direct investment, and financial capital flows.

5.3. Half-life Analysis

To obtain an insight into the extent of deviations from RIP, Table 6 reports the half life of deviations from RIP.  As shown, the half-lives are about 2.18 to 2.43 quarters (or 6 to 7 months), showing a high degree of mean reversion of real interest rate differentials.  For all Asia-10 taken as a group, the post-liberalization period prior to Asia crisis records a half-life of around 6.75 months.  When the post-crisis period is taken into account, the half-life is approximately 7.3 months.  As for the ASEAN-5 group, the half-lives are recorded at 6.5 months and 6.6 months, respectively, before and after the crisis.  Although there are signs of increasing deviations when the crisis period is included, the differences are insignificant and relatively small.  To summarize, the deviations from RIP are small while the degree of mean reversion is high, suggesting that the adjustments of real interest rate differentials to their long-run mean are fast.  Hence, the half-life analysis has provided solid evidence in support of the strong form of RIP in Asian countries.

INSERT [Table 6]

6.  Concluding Remarks and Policy Implications


The major findings of this study are four-fold: First, RIP holds strongly between Japan and Asian emerging markets.  This finding is partly supported by studies that showed a possible ‘Japan-centered’ regional trading bloc (see e.g. Bowles and MacLean, 1996; Baharumshah and Goh, 2001).  In one way, the evidence for RIP between Japan and Asian countries reflects the substitutability of financial assets and the growth of capital flows that are conducive to regional financial integration and economic convergence.  In another way, it indicates the smaller scope for monetary autonomy meaning that the domestic interest rate and aggregate price level of an Asian country would be influenced by external factors, most likely originating in Japan.  Consequently, this could have narrowed domestic policy options and constrained national choices over monetary and fiscal policies, which may facilitate excessive borrowing. An open capital market could immediately confront national authorities with a dilemma over controlling either interest rates or exchange rates (Obstfeld, 1998).  Integration into the global capital market also implies more difficulty to tax internationally footloose capital relative to less mobile factors of production, notably labor.

Second, deviations from RIP have a half-life of approximately 6-7 months.  This is considerably less than the half life reported in the PPP studies.  However, Holmes’ (2002) work on European RIP with Germany taken as the base country has reported a much lower half-life, around 2.2 to 2.6 months. This may suggest that there has been less financial integration in Asia than in Europe.  A possible explanation is that, whilst regional initiatives have produced a substantial increase in intra-regional trade and foreign direct investment in Asia, progress towards regional financial integration is still at its infancy stage (Park, 2002).  Cross-border bank credit flows within Asia remain at a low level and government or corporate bond markets are not integrated.  On the contrary, cross-border transactions of European government bonds have risen sharply with the emergence of the German mark as a benchmark asset in the 1990s.  In addition, efforts to abide by the Maastricht Treaty of 1991 have been instrumental in the convergence of interest rates and inflation rates within the European Union.  More important, regional integration in Europe is motivated in part by a desire for political integration that has no counterpart in Asia, as highlighted by Panagariya (1994) and Eichengreen and Pempel (2002).

Third, the Asia crisis does not seem to jeopardize the support for the strong form of RIP. This could be due to the resolute actions by policymakers to deepen adjustment and reform effects in response to the sharp curtailment of capital inflows in 1997/98.  Indeed, the rapid return of confidence and recovery of investment activities demonstrates the efficiency of the stabilization and deregulation strategies that have been pursued in Asia. 

Fourth, the empirical support for RIP is quite weak when the single-equation based ADF test is employed, thus confirming the well-documented power deficiency of ADF tests in finite samples. The results of various panel-based unit root tests used in this study are consistent. By exploiting the cross-sectional information and increasing the data span, these non-stationary panel tests achieve a higher power relative to the classical unit root tests. The failure of previous empirical studies to confirm the mean reversion of real interest rate differentials may therefore reflect the choice of the estimation method used rather than any inherent deficiency in the Real Interest Parity relationship.

In summary, our findings are supportive of financial integration among Asian countries with Japan and carry important policy implications regarding the future exchange rate regime in the area.  It is well known that countries highly integrated with each other in the sphere of international trade in goods and services are likely to constitute an Optimum Currency Area (Frankel and Rose, 1998).  Although Asian countries may lack the political will evident in the European Union, they appear to be financially integrated, thus providing support to the formation of a single currency area with the Japanese Yen taken as benchmark.  For most Asian countries, the settlements of the net balance of trade are in US dollars.  During the Asian crisis of 1997/98, the affected countries were in financial trouble and did not have enough foreign exchange reserves to finance their imports.  A move to a single currency (say, Yen), would help countries to improve their balance of payment and the Yen could be used to hedge against exchange rate risk. Likewise, strong linkages within the currency area can be a force for stability and convergence, with expanding economies providing additional demand and export markets to members experiencing a downturn. In short, the formation of an optimum currency area could provide a collective defense mechanism against systemic failures and monetary instability.
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Figure 1: Real Interest Rates of ASEAN-4
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Figure 2: Real Interest Rates of NIE-4
[image: image27.wmf]-.3

-.2

-.1

.0

.1

.2

-.3

-.2

-.1

.0

.1

.2

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

00

01

H

K

K

O

R

S

N

G

T

W

S

i

n

g

a

p

o

r

e

T

a

i

w

a

n

S

o

u

t

h

 

K

o

r

e

a

H

o

n

g

 

K

o

n

g


Figure 3: Real Interest Rates of Japan, Sri Lanka and India
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Table 1: ADF Unit Root Test of Real Interest Rate Differentials, 1977Q1-1984Q4

	
	lag
	Model with trend
	
	
	lag
	Model with constant
	

	
	
	
	
	
	
	
	

	INDO
	1
	-2.08
	
	
	1
	-2.06
	

	MAL
	1
	-1.40
	
	
	0
	-0.99
	

	PHI
	0
	-1.56
	
	
	0
	-1.44
	

	THAI
	0
	-1.45
	
	
	1
	-1.56
	

	HK
	0
	-2.69
	
	
	0
	-2.77
	

	SIN
	0
	-2.54
	
	
	0
	-2.60
	

	SK
	0
	-2.20
	
	
	0
	-2.22
	

	TW
	0
	-2.34
	
	
	0
	-2.28
	

	INDI
	0
	-1.21
	
	
	0
	-1.44
	

	SRI
	0
	-1.51
	
	
	4
	-1.44
	

	
	
	
	
	
	
	
	

	Critical values
	
	
	
	
	
	

	1%
	
	-4.27
	
	
	
	-3.65
	

	5%
	
	-3.56
	
	
	
	-2.96
	


Notes:

All real interest differentials are constructed with respect to Japan. The ADF critical values for estimated residuals are computed according to MacKinnon (1991) and optimal lag lengths are selected according to the modified AIC. The following notation applies in all following tables: INDO=Indonesia, MAL=Malaysia, PHI=Philippines, THAI=Thailand, HK=Hong Kong, SIN=Singapore, SK=South Korea, TW=Taiwan, INDI=India, SRI=Sri Lanka.

Table 2: ADF Unit Root Test of Real Interest Rate Differentials, 1985Q1-1997Q2

	
	lag
	Model with trend
	
	
	lag
	Model with constant
	

	
	
	
	
	
	
	
	

	INDO
	0
	-2.09
	
	
	0
	-2.31
	

	MAL
	1
	-2.86
	
	
	1
	-3.06*
	

	PHI
	0
	-5.13**
	
	
	0
	-4.78**
	

	THAI
	1
	-2.74
	
	
	1
	-2.74
	

	HK
	2
	-0.42
	
	
	2
	-1.27
	

	SIN
	2
	-1.13
	
	
	0
	-2.26
	

	SK
	0
	-3.37
	
	
	0
	-3.58**
	

	TW
	0
	-3.32
	
	
	0
	-3.31*
	

	INDI
	0
	-2.50
	
	
	0
	-2.57
	

	SRI
	0
	-3.24
	
	
	3
	-2.89
	

	
	
	
	
	
	
	
	

	Critical values
	
	
	
	
	
	

	1%
	
	-4.11
	
	
	
	-3.57
	

	5%
	
	-3.50
	
	
	
	-2.92
	


Notes:

* and ** denote statistical significance at 5% and 1% levels, respectively. All real interest differentials are constructed with respect to Japan. The ADF critical values for estimated residuals are computed according to MacKinnon (1991) and optimal lag lengths are selected according to the modified AIC.

Table 3: ADF Unit Root Test of Real Interest Rate Differentials, 1985Q1-2001Q4

	
	lag
	Model with Trend
	
	
	lag
	Model with constant
	

	
	
	
	
	
	
	
	

	INDO
	0
	-2.80
	
	
	0
	-2.79
	

	MAL
	0
	-3.58*
	
	
	0
	-3.58**
	

	PHI
	0
	-5.49**
	
	
	0
	-5.01**
	

	THAI
	0
	-3.33
	
	
	5
	-2.88
	

	HK
	0
	-1.98
	
	
	0
	-1.72
	

	SIN
	2
	-1.83
	
	
	2
	-1.93
	

	SK
	0
	-3.48*
	
	
	0
	-3.33*
	

	TW
	5
	-2.85
	
	
	5
	-2.90*
	

	INDI
	0
	-3.08
	
	
	0
	-3.07*
	

	SRI
	0
	-3.00
	
	
	0
	-2.75
	

	
	
	
	
	
	
	
	

	Critical values
	
	
	
	
	
	

	1%
	
	-4.10
	
	
	
	-3.53
	

	5%
	
	-3.48
	
	
	
	-2.90
	


Notes:

* and ** denote statistical significance at 5% and 1% levels, respectively. All real interest differentials are constructed with respect to Japan. The ADF critical values for estimated residuals are computed according to MacKinnon (1991) and optimal lag lengths are selected according to the modified AIC.

Table 4: Panel Unit Root Tests of Real Interest Rate Differentials for ASIA-10

	
	HT
	
	
	IPS
	
	
	IPS
	
	
	UB

	
	constant
	trend
	
	constant (LM)
	trend (LM)
	
	constant (T)
	trend (T)
	
	

	
	
	
	
	
	
	
	
	
	
	

	1977Q1-1984Q4
	-0.53
	0.52
	
	0.33
	1.94
	
	-1.12
	-0.90
	
	0.85

	
	
	
	
	
	
	
	
	
	
	

	1985Q1-1997Q2
	-50.62**
	-30.20**
	
	28.68**
	21.20**
	
	-10.99**
	-9.47**
	
	-13.20**

	
	
	
	
	
	
	
	
	
	
	

	1985Q1-2001Q4
	-69.08**
	-41.78**
	
	40.48**
	30.67**
	
	-14.33**
	-13.15**
	
	-16.44**

	
	
	
	
	
	
	
	
	
	
	


Notes:

** denotes statistical significance at 1% level. HT refers to Harris and Tzavalis (1999); IPS refers to Im, Pesaran and Shin (2003); UB refers to Breitung (2000).

Table 5: Panel Unit Root Tests of Real Interest Rate Differentials for ASEAN-5 

	
	HT
	
	
	IPS
	
	
	IPS
	
	
	UB

	
	Constant
	trend
	
	constant (LM)
	trend (LM)
	
	constant (T)
	trend (T)
	
	

	
	
	
	
	
	
	
	
	
	
	

	1977Q1-1984Q4
	-1.03
	0.63
	
	1.02
	0.54
	
	-0.84
	-0.46
	
	0.65

	
	
	
	
	
	
	
	
	
	
	

	1985Q1-1997Q2
	-10.69**
	-6.06**
	
	4.73**
	2.31*
	
	-2.86**
	-1.08
	
	-0.89

	
	
	
	
	
	
	
	
	
	
	

	1985Q1-2001Q4
	-10.26**
	-5.51**
	
	7.08**
	4.20**
	
	-5.49**
	-4.45**
	
	-2.76**

	
	
	
	
	
	
	
	
	
	
	


Notes:

* and ** denote statistical significance at 5% and 1% levels, respectively. HT refers to Harris and Tzavalis (1999); IPS refers to Im, Pesaran and Shin (2003); UB refers to Breitung (2000).  ASEAN-5 represents the five original members from ASEAN including Indonesia, Malaysia, Philippines, Singapore and Thailand. 

Table 6: Half-life Analysis

	Model
	Average of 
[image: image29.wmf]i
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	Half –life

	
	
	

	ASIA-10
	
	

	1985Q1-1997Q2
	0.7355
	2.2566

	1985Q1-2001Q4
	0.7518
	2.4301

	
	
	

	ASEAN-5
	
	

	1985Q1-1997Q2
	0.7275
	2.1784

	1985Q1-2001Q4
	0.7296
	2.1989

	
	
	


Note:

The half-lives are computed for the post-liberalization periods, where RIP is confirmed (see equations (9) and (10) in the text).  The measurement units are in quarters.  A simple calculation would suggest that, for instance, 2.43 quarters correspond to 7.29 months or 0.6 year.

� EMBED Equation.3  ���








�  A recent empirical study by Chow and Kim (2003) finds that East Asian countries differ from Western European countries as they are more likely to be subject to asymmetric shocks, thus making a common currency in Asia a less desirable outcome.


�  The terms convergence and long-run equilibrium relationship are used interchangeably.  However, strictly speaking, convergence is a prerequisite for a long-run equilibrium, whereas a long-run or cointegrating equilibrium implies that interest rates do not deviate too much from each other.


� For instance, between 1994 and 1996, 210 billion dollars flowed to ASEAN-5, which was about 20% of their GDP (Radelet and Sachs, 1998).


�   See Hallwood and MacDonald (1994, p. 45).


�  This is the strong form of RIP.  According to the weak form, rt and rt* must be cointegrated but the relationship between the two should not be necessarily one-to-one.


�   The use of a non market rate (the discount rate) for some countries is not a big concern as a plot of both market and non market rates in countries where they are available, indicates that there is a strong comovement between these rates.
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