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Abstract

This paper uses Markov-switching techniques to examine the symmetry of business cycles patterns between Japan and other east Asian countries and to study the existence of a common cycle among them over the last three decades. We first apply Hamilton’s generalised model of the business cycle to industrial output growth in each country. A third regime of rapid growth appears relevant for two east  Asian countries but Japan is different since the third regime is characterised by ‘stagnation’. As a result, there is little evidence of symmetry between the business cycles of Japan and its regional partners. 

Using a generalisation of Hamilton’s model to a vector auto-regressive framework we then identify business cycles as regime shifts occurring mainly simultaneously across countries. This hypothesis is not rejected for Japan and other east Asian countries. The correlation of growth shocks is highly regime dependent : it is positive in the rapid growth regime but negative during recessions and expansions. This implies that, during the latter regimes, some diversification effect is at work.

1. Introduction

The emerging identity of east Asia as a major economic region on the world stage raises a number of new issues. One of these involves the relationships between business cycles in the largest economy in the region, Japan, and other economies both in north and south east Asia. This generates a question mark over the correlations between such cycles and over the possible existence of a common regional cycle. Such issues have been of widespread interest in Europe during the last decade. They led to the emergence and development of new techniques which are of great help in identifying cycles both at the national and at the regional level.

The main aim of this paper is to improve our understanding of the symmetry of the business cycle between Japan and a set of east Asian economies. This will enable us to shed light on the degree of interdependence in macroeconomic activity and comovements among such countries (Krolzig and Toro, 2001). We view the interdependence between countries as being conditioned by the state of the business cycle. Indeed, the international correlation of shocks may differ between different business cycle regimes. The business cycle regime in which a given country is at the time of a major shock, like a sharp fall in output growth in one country, say Japan, could affect the magnitude and possibly the sign of the transmission of such a shock. Imagine that the correlation is low during normal growth regimes but high during recessions. In that case the shock could make the region switch to a recessionary regime, leading to a sharp rise in correlations. Alternatively, the correlation may be negative during recessions and positive otherwise. Then a negative growth shock in Japan would lead cycles in other east Asian countries to disconnect themselves from movements in Japan. In some way, this would lead to a stabilising response at the regional level through a sort of diversification effect. In other words, the shock would lead to a shift in the pattern of interdependence among output growth rates in the region, a regime shift. The traditional notion of interdependence has to be reexamined in this light. 

We do not limit the study of co-movements to a bilateral context. Indeed indirect effects through third countries seem to magnify or even to invert direct, bilateral, effects (Abeysinghe and Forbes, 2001). Such comovements can arise from three different sources: country-specific shocks that are rapidly transmitted across countries; external shocks  that affect all countries in a similar fashion; and shocks specific to a sector of the economy which is similar in different countries. However such sources are not our direct concern here. 

In the study of the symmetry between different countries’ business cycles it seems necessary to identify coincident turning points for the set of east Asian economies, but this does not seem to us a sufficient condition for symmetry (Krolzig and Toro, 2001). Accordingly, we should test to what extent the amplitude and the phase of the business cycle coincide between Japan and other east Asian countries and test for similarities in the path from peak to trough. 

In this paper we use regime switching techniques to examine business cycle patterns for industrial output growth in four east Asian countries (Japan, Korea, Malaysia and Singapore) over the last three decades. We exclude other countries in the region because of the unavailability of data for a long sample. Indeed over a sample as short as two decades, the estimation may suffer from a peso problem to the extent that the fraction of observations drawn from one particular regime in the available sample may not correspond to the population frequency of that regime. In such a case the estimation may be biased (Bekaert, Hodrick and Marshall, 1998).  

We consider the relevance of a ‘recovery’ regime of very fast growth at the beginning of expansions, corresponding to a ‘third’ state in business cycle dynamics (Potter, 1995 ; Sichel, 1994). This leaves room for a bounce-back or peak reversion effect after recessions which is part and parcel of Friedman’s (1993) ‘plucking’ model, recently reexamined by Kim and Nelson (1999). Such an insight may seem particularly relevant in the east Asian case where fast growth and in some cases high flexibility allowing a quick recovery, have been a striking stylised fact. 

We first present in section 2 the methodology used in the tests. In the third section we provide a descriptive analysis of the data, apply Hamilton’s generalised Markov-switching model of the business cycle to each country’s industrial output growth and select the best specification for each country. We allow the mean or the intercept as well as the variance to shift between regimes. The following step leads us to examine the symmetry of business cycles between Japan and other east Asian countries and to study the correlation pattern of cross-country regime probabilities. 

We then investigate common business cycles patterns among these countries using a generalisation of Hamilton’s model to a vector auto-regressive framework. We identify business cycles as regime shifts occurring simultaneously across countries. This hypothesis is not rejected for Japan and other east Asian countries. We thus vindicate the view of a common east Asian business cycle for the sample considered. Section 5 offers some conclusions.

2. Methodology.

From two to three growth regimes

It is customary since Hamilton (1989) to divide the growth cycle into two phases, negative trend growth and positive trend growth, and to assume that the economy switches between them according to a latent state variable. Accordingly, following the trough of a recession, since output switches back to the expansion growth phase, it will never regain the ground lost during the downturn. The effects of recessions on the level of output will thus be permanent. This is a strong view of business cycle patterns which has been challenged by some authors (Kim and Piger, 2000) on the basis of an alternative model where recessions are characterised as periods where output is hit by large negative transitory shocks, labelled ‘plucks’ by Friedman. According to such an alternative view, following the trough, output enters a high growth recovery phase, returning to the trend. This ‘bounce-back effect’ or ‘peak reversion’ is the critical phase of Friedman’s (1993) model, revived by Kim-Nelson (1999). Output then begins a normal, slower growth, expansion phase. 

A similar conclusion is reached via a different avenue by the observation that, for example in the U.S., recessions are typically followed by a period of rapid growth early on in the recovery (Sichel, 1994). On this basis a number of researchers have suggested to use a three-regime model of the business cycle to capture recessions as well as rapid growth episodes, viewed respectively as persistent positive and negative deviations in the mean growth rate from the ‘normal’ long term growth rate (Krolzig, 2000). Besides, the rapid growth regime has been viewed as accounting for the convergence process or the catching up of middle income countries. While this has been essentially focused on the south European case, it is of clear relevance to the east Asian one. In the light of this, it is important to allow for the possibility of a third regime for output growth.

Markov-switching in a univariate framework.

We will consider here models in which the regime is determined by an underlying unobservable stochastic process (st), i.e. in which one assigns probabilities to the occurrence of the different regimes. In its most popular version, which we will use here, such a model assumes that the process st is a first-order Markov process (Hamilton, 1994).  Hamilton (1989) explores the consequences of specifying that first differences of the observed series follow a nonlinear stationary process rather than a linear stationary process. 

We consider a model of output growth  (yt), as a Markov-switching-mean model
 such as :

yt – (st) = 1yt-1 – (st-1)2yt-2 – (st-2)3yt-3 – (st-3)



4yt-4 – (st-4)ut

(1)

where the conditional mean (st) switches between two states :


(st)  = 1 < 0, if  st = 1 (‘recession’)
    (2a)

(st)  = 2 > 0, if  st = 2 (‘expansion’)    (2b)

In Hamilton’s (1989) original model, the variance of the disturbance term is constant between the two regimes : ut – NID (0,2), i.e. the MSM model. We actually depart from Hamilton by considering the relevance of a three regime model as an MSMH(3)-AR(4) model where the conditional mean (st) switches between three states :


(st)  = 1 < 0, if  st = 1 (‘recession’)
    (2a)

(st)  = 2 > 0, if  st = 2 (‘expansion’)    (2b)

(st)  = 3 > 0, if  st = 3 (‘rapid growth’)  (2c)

and the variance of the disturbance term is allowed to differ between the three regimes : ut – NID (0,2[st]), 

with    2[st] = 21, if  st = 1 



(3a)

   2[st] = 22, if  st = 2 



(3b)

2[st] = 23, if  st = 3 



(3c)

we expect  22   < 21   < 23
In effect, (2a) (2b) and (2c) imply that recessions, expansions and rapid growth episodes are modelled as switching regimes of the stochastic process generating changes in output growth. The regimes are associated with different conditional distributions of growth where the mean is positive in the ‘expansion’ and ‘rapid growth’ regimes and generally negative in the recession one. After a change in regime, there is an immediate one-time jump in the mean.

Besides, (3a), (3b) and (3c) imply that we allow for Markov-switching heteroskedasticity, that is the variance of errors can differ between the three regimes. Similarly, after the change in regime there is an immediate one time jump in the variance of errors. It is expected that the variance will be higher during the rapid growth than during the recession regime. The expansion regime is expected to be the least volatile.

For a given parametric specification of the model, (constant) probabilities are assigned to the unobserved regimes –recession, expansion and rapid growth- conditional on the available information set which constitute an optimal inference on the latent state of the economy.

The model corresponding to the specification (1) implies that a change in regime corresponds to an immediate one-time jump in the process mean. One cannot exclude the possibility that the mean would smoothly approach a new level after the transition from one regime to another. Such an alternative specification would imply a model where the intercept st) is state dependent as in :

yt = (st))  + 1yt-12yt-2 3yt-3 4yt-4 ut

(4)

    The intercept st) thus switches between three states :


st) = 1 < 0, if  st = 1 (‘recession’)
    (5a)

st) = 2 > 0, if  st = 2 (‘expansion’)     (5b)

st) = 3 > 0, if  st = 3 (‘rapid growth’)  (5c)

The specification in (4) differs from (1) since it implies different dynamic adjustments of the observed variables after a change in regime (Krolzig, 1998). Indeed the permanent regime shift in the mean (st) leads to an immediate jump of the growth rate of output to its new level. By contrast, a once-and-for all shift in the intercept generates a dynamic response of the growth rate which is similar to the response to an equivalent shock in the white noise series of the residuals ut. Such an alternative specification can also be combined with Markov-switching heteroskedasticity as in (3a) to (3c) above.

Regime switching in a VAR framework.

Hamilton’s approach can be extended to a regime-switching VAR (Krolzig, 1998). A VAR model with regime switching (MS-VAR) is such as : 

z t = st)  + A1zt-1 A 2zt-2  A 3zt-3  A jzt-j t

(6)
where zt = vector of output growth for n countries, j is the order of the VAR, and st denotes an unobservable discrete regime. We assume that st follows and ergodic Markov process. We allow for the intercept and the variance to differ between regimes. We can also consider a switching mean specification as in the univariate case. The estimations will be carried out with MSVAR in Ox (Krolzig, 1998).

Asymmetry of the business cycle

Test of asymmetry of the business cycle concern three facets of business cycle patterns: sharpness, deepness and steepness. Clements and Krolzig (2001) suggest Wald tests for each of the three hypotheses both in a univariate and in a multivariate setting. 

In a univariate setting, deepness, as defined by Sichel (1993), is such that a process xt is said to be non-deep if and only if xt is not skewed :

E[(xt-)3] = 0.

Where  is the mean of the process.

In a similar way, but for its first difference, the process xt is said to be non-steep if and only if xt is not skewed :

E[(xt)3] = 0.

One must consider positive skewness of the two processes xt and xt, which implies tall and steep expansions, as well as of negative skewness, i.e. steep and deep contractions.

As for sharpness, a process xt is said to be non-sharp if and only if the transition probabilities to and from the outer regimes are the same :

P1m = pMm and pm1 = pmM , for all m different from 1; and p1M = pM1. 

This implies that in a two-regime model p21 = p12, and in a three regime model, we have p12 = p32 ,  p13 = p31 and p23 = p21.
3. Growth cycles in individual East Asian countries.

3.1.  Stylized facts of growth cycles

We will focus here on growth cycles. This is an old concept (Zarnowitz, 1991) which was used in early indexes of general business conditions and trade. Growth cycles differ from business cycles not only quantitatively but qualitatively. A lot of work on growth cycles in numerous western (but few, mostly north, east Asian) countries was done by Mintz at the NBER and Moore at the CIBCR. When carefully interpreted, growth cycles provide lessons on when and how expansions speed up and slow down, and retardations do not develop into contractions. The usefulness of the distinction was emphasised by Zarnowitz in the case of Japan where slowdowns without recession prevailed strongly (before the 1990s), while slowdowns with recession were more common in other G7 countries. “Growth cycles include both types of slowdown, hence are much more numerous than business cycles that are defined by the presence of absolute decreases in aggregate activity (recessions)” (Zarnowitz, 1991, p. 42).  

The quarterly data of seasonally adjusted industrial output that we use for Korea, Japan, Malaysia, and Singapore are extracted from the IMF International Financial Statistics CD-Rom (October 2001). The data start in the first quarter of 1970 and go to the second quarter of 2001. Descriptive statistics for the quarterly growth rate of industrial output are given in table 1. In the Japanese case, the most striking contrast between the three decades lies in the negative mean growth rate over the 1990s. For other east Asian countries, the three decades are much less contrasted. 

Table 1 : Descriptive statistics for growth rates of industrial production 

(quarter to quarter, %).

mean
St deviation
min
max

Japan





( 1970’s)
0.984
2.46
-6.923
2.05

( 1980’s)
1.068
1.24
-1.26
3.52

( 1990’s)
-0.084
1.86
-4.57
3.72

Korea





( 1970’s)
3.75
2.84
-1.92
9.11

( 1980’s)
2.68
3.05
-5.94
8.71

( 1990’s)
2.04
4.02
-11.85
11.92

Malaysia





( 1970’s)
1.91
3.73
-3.69
10.78

( 1980’s)
2.25
5.08
-6.20
22.1

( 1990’s)
2.13
3.52
-5.94
9.39

Singapore





( 1970’s)
2.65
4.12
-7.75
10.5

( 1980’s)
1.58
4.19
-6.66
9.78

( 1990’s)
1.74
3.61
-4.50
11.54

1970’s= 1970:II-1980:IV; 1980’s : 1981:1-1990:IV; 1990’s : 1991:I-2001:I. 

The correlation of growth rates has been consistently high and positive among the two ASEAN countries over the last three decades. It has been a little lower between Japan and Malaysia, but has decreased very substantially between Japan and Singapore, particularly since the early 1980’s. Korea was moderately correlated with Singapore and Malaysia, but this relationship almost vanished in the 1990s. The correlation with Japan wass similar, except for the 1980’s where it turned negative. Overall, all countries had a positive correlation with Japanese growth during all periods, except Korea in the 1980s which had a negative correlation with growth in Japan. 

Table 2 : Correlations between growth rates of industrial production 

(quarter to quarter)


Korea
Malaysia
Singapore

Japan




( 1970’s)
0.167
0.397
0.380

( 1980’s)
-0.092
0.260
0.132

( 1990’s)
0.182
0.312
0.162

Korea




( 1970’s)

0.116
0.190

( 1980’s)

0.179
0.124

( 1990’s)

0.072
0.051

Malaysia




( 1970’s)


0.477

( 1980’s)


0.427

( 1990’s)


0.642

1970’s= 1970:II-1980:IV; 1980’s : 1981:1-1990:IV; 1990’s : 1991:I-2001:I. 

Unit-root tests both on the level (in log) and the growth rate of output using both the Augmented Dickey Fuller (ADF) and the Philipps-Peron (PP) tests, should enable us to get information on the stationarity of the data. According to both tests the level of output would have a unit root for all countries (Table 3). Nelson, Piger and Zivot (2000) evaluated the performance of unit root tests when the true data generating process undergoes regime switching but is otherwise stationary. Their work implies that ADF test do a poor job of distinguishing such a model from an integrated process, and that Philipps-Perron tests, which allow for structural breaks, actually also have very low power in such a case. 

Table 3 : Unit root tests for output and growth


Japan
Korea
Malaysia
Singapore

Output





ADF
-1.95
-2.17
-0.236
-0.885

PP
-19.2
-2.61
-0.003
-1.21

Growth





ADF
-6.23
-4.89
-6.60
-4.71

PP
-6.10
-10.27
-10.91
-9.76

Sample : 1971:II-2001:II Critical value at 1% : -3.48 

A similar problem is met when considering the growth rate of output where all tests conclude at stationarity. We still decided to implement the regime switching analysis on the growth rate of output with the presumption that the latter should be stationary. Given the presumption of non-stationarity of the level of output for most countries in the sample, we will also later check for the presence of cointegrating relationships.

3.2. The generalised Hamilton’s model applied to East Asian countries. 

In order to obtain stylised facts on the business cycle in East Asian countries, we examine each of them separately with different generalisations of Hamilton’s original switching-mean and constant-variance model augmented for instance in that we allow for unequal variance between the regimes or switching intercept.

The choice of model for each country is based on the Akaike Information criterion 
 (AIC), the Hannah-Quinn criterion (HQ), and the Schwartz criterion (SC). The differences in the regime classifications of alternative MS(2)-VAR(p) models indicate that a two-regime model is not a full description of the growth cycle for three out of four east Asian countries over the last three decades. The assumption of a data generating process shifting between only two regimes seems too restrictive to account for rapid growth episodes. For such countries, we consider a specification with three regimes, which is better able to reflect persistent positive and negative deviations in the mean growth rate from the ‘normal’ long term growth rate (Krolzig, 2000). On the basis of information criteria, the three regime model lead us to select a switching mean model with shifting variance for all countries except Korea, where the switching intercept-cum switching variance model is relevant. For Malaysia, a two-regime model seems well suited to output growth. Indeed, with a three regime model the dating of the recession regime is the same and the rapid growth regime only corresponds to a few short-lived spikes. The lag of the autoregression goes from one for Japan, to three for Korea and four for the two south east Asian countries.  

The “recession” regime corresponds to negative industrial output growth in most countries except Korea, where this corresponds to positive growth (in a switching mean-cum variance model with three lags for Korea, the mean is 1.74 in the first regime, 1.09 in regime Two, and 4.79 in regime Three). The mean growth rate is sharply negative in recessions for both Japan and Singapore (3% per quarter) but twice as much in the Malaysian case. In Korea, it is not very different in the recession and expansion regimes. Japan is unique in having an ‘expansion’ regime corresponding almost to zero growth. 

Table 4 : estimation results of the MSVAR models for each east Asian country.


Japan
Malaysia
Singapore

Korea

Mean( reg.1)
-2.94
-5.13
-2.90
Cst. Reg.1
0.94

Mean( reg.2)
0.021
2.38
2.60
Cst. Reg.2
0.57

Mean( reg.3)
1.70

2.32
Cst. Reg.3
4.72

1
0.44
-0.044
0.004

-0.188

2

-0.178
-0.02

0.191

3

-0.053
-0.02

0.161

4

0.633
0.618



Duration (R1)
2.72
2.12
2.72

1.56

Duration (R2)
1.58
15.1
15.6

5.07

Duration (R3)
4.96

4.11

2.89

Proba (reg.1)
0.63
0.52
0.63

0.35

Proba (reg. 2)
0.36
0.93
0.93

0.80

Proba (reg. 3)
0.79

0.75

0.65

St.error (R1)
1.54
9.77
0.58

6.06

St.error (R2)
0.26
2.16
2.44

1.90

St.error (R3)
1.12

5.57

1.13

Ln likelihood
223.5
312.4
304.4

235.3

LRa 
39.5
36.9
52.88

35.14

Sample : 1970(II)-2001(II) 

a For all models : LR linearity test:   Chi(4) =[0.00] **  Chi(10)=[0.00] **  DAVIES=[0.00] **

The ranking of the duration of regimes varies a lot among these countries. It is longest for rapid growth in Japan and Singapore. The shortest duration is for expansions in both Japan and Korea. Korea has the longest lasting growth recessions. A recession typically lasts two to three quarters in Japan, Malaysia, and Singapore, and up to five quarters in Korea (for growth recessions). The most volatile regime is recession in both Japan and Malaysia, and expansion in the other two countries. The least volatile is rapid growth in Korea and Malaysia, and recession in Singapore.

Table 5 :Growth cycle trough periods.  


Japan

 (3reg)
Korea 

(3reg)
Malay

    (2reg)
Singapore

 (3reg)

1970-71

1971:3 - 1972:1



73-75
1974:2 - 1975:1
1974:2 - 1974:4
1974:4 - 1975:2
1974:3 - 1975:1

75-78

1977:1 - 1977:1



78-80
1980:3 - 1980:3
1979:2 - 1980:3



80-83

1981:3 - 1982:3

1982:2 - 1982:4

83-85

1984:2 - 1985:3
1984:1 - 1984:1
1984:3 - 1985:4

85-86


1985:1 - 1985:2


86-87


1986:3 - 1986:4


88-89





89-91
1991:4 - 1992:4
1990:1 - 1993:1



91-94
1993:2 - 1993:2

1993:4 - 1993:4
1993:3 - 1993:3



94-95
1995:3 - 1995:3




95-97

1995:1 - 1997:4

1996:2 - 1996:2

97-99
1997:4 - 1998:2

1998:1 - 1998:3
1998:2 - 1998:3

2000-01
2001:1 - 2001:2
2000:1 - 2000:2

2000:4 - 2001:2
2001:1 - 2001:1


Table 5 presents the dating of recession for each east Asian country on the basis of the smoothed probability for each of the four east Asian countries. The smoothed probability stands for the optimal inference on the regime at time t using the full sample information. Coincidence of periods of recessions (defined as a predominance of regime One) among the four countries appear only twice : after the first oil shock, in the mid-1970s, and at the time of the east Asian crisis of the late 1990s. A similar coincidence also appears between Japan and Korea at the turn of the 1980s and in the early 1990s. This is again apparent for these two countries plus Malaysia in the first half of 2001. Besides, Korea shares a recession period with Singapore in 1982 and with both Malaysia and Singapore in 1984.

The pattern of transitions between regimes shows a similarity between Japan and Korea. Indeed in both cases the expansion (which for Japan is ‘stagnation’) regime is very unstable (table 6). When in such a state the probability of leaving it for the ‘rapid growth’ state is equal to (Japan) or even larger than (Korea) the probability of remaining in the expansion regime. Japan differs since there is no direct transition form the growth to the recession regime, giving rise to a swing between the stagnation and growth regimes. If by chance the expansion regime rather leads to recession, then it is more likely that the latter will be followed by growth. In the Korean case, there is more interchange between the three regimes. The singularity of Singapore is very striking, since the sequence of regimes is well defined. Starting from regime One output growth moves to the expansion regime followed necessarily by the rapid growth regime. From the latter there is only a small probability of falling into recession because the persistence of the rapid growth regime is very high. This sequence for Singapore does not correspond to Friedman’s model. 

Table 6 : Probabilities of transition between regimes


Regime 1
Regime 2
Regime 3

Japan 




Regime 1
0.632
0.133
0.234

Regime 2
0.268
0.365
0.366

Regime 3
0.00
0.201
0.798

Korea 




Regime 1
0.357
0.147
0.495

Regime 2
0.06
0.802
0.135

Regime 3
0.179
0.166
0.654

Malaysia




Regime 1
0.933
0.06


Regime 2
0.472
0.527


Singapore




Regime 1
0.632
0.00
0.368

Regime 2
0.064
0.935
0.00

Regime 3
0.00
0.243
0.756

This pattern of transition probabilities is well reflected by the fact that on the basis of the parametric tests presented in table 7, there is very strong  evidence of asymmetric turning points, i.e. sharpness for Singapore (but this concerns a movement from recession to expansion not to high growth). By contrast there is no evidence of sharpness for the two north east Asian countries at the 10 % level. The hypothesis of deepness of contraction is accepted for three countries. The magnitude of the trough is indeed clearly larger than the magnitude of peaks for Japan, Singapore and Malaysia. For Korea such an asymmetry is unambiguously rejected. Finally, recessions are steeper than expansions in Japan, but neither in Korea nor in Singapore.

Table 7 : Tests of asymmetry of the business cycle


Japan
Korea
Malaysia
Singapore

Sharpness
0.35

[0.94]
3.11

[0.37]
8.99

[0.00]**
3058.4

[0.00]**

p_12 = p_32 
0.20

[0.65]
0.01

[0.91]

0.016

[0.89]



p_13 = p_31
0.00

[0.96]
2.13

[0.14]

3058.3

[0.00]**

p_21 = p_23
0.23

[0.62]
0.27

[0.59]

0.03

[0.85]

Deepness
3.94

[0.04]*
0.57

[0.44]
2.92

[0.08]
8.97

[0.00]**

Steepness
12.6

[0.00]**
0.06

[0.80]

0.06

[0.80]

test: Chi2(1) under the null of symmetry. 

Table 8 : Cross-correlations of the smoothed probability of recession regime: 

Lag i /Lag 0 
Japan
Korea 
Malaysia
Singapore

Japan





Lag 0
1
0.238
0.296
0.133

Lag 2
0.436
-0.078
0.210
0.117

Lag 4
0.096
-0.159
-0.142
-0.167

Korea





Lag 0
0.238
1
0.029
0.177

Lag 2
0.345
0.526
0.148
0.313

Lag 4
0.266
0.109
0.043
0.092

Malaysia





Lag 0
0.296
0.029
1
0.594

Lag 2
-0.077
-0.196
0.259
0.259

Lag 4
-0.139
-0.296
-0.130
-0.130

Singapore





Lag 0
0.133
0.177
0.594
1

Lag 2
-0.081
-0.148
0.175
0.310

Lag 4
-0.162
-0.264
-0.007
-0.004

These results imply that most of these countries appear as special cases. Indeed, in Japan the customary three-regime classification should be replaced by ‘recession’, ‘stagnation’ and ‘expansion’; all of them being characterised by low volatility. Stagnation is a very unstable regime with almost no volatility. A similar unstable regime is present in Korea, but on other fronts the latter economy’s cycle differs a lot from Japan’s since in Korea there is little difference in mean growth (but not in volatility) between ‘expansions’ and ‘growth recession’ regimes, while there is a ‘very rapid growth’ regime. 

When considering the cross-correlation of smoothed probabilities of the recession regime, the contemporaneous correlation with Japan is positive and moderate for Malaysia and Korea, but much smaller for Singapore. 

3.3. A common cycle between east Asian countries ?

We now  examine to what extent east Asian countries share a common cycle with Japan. We proceed in three steps. First, we test to what extent long run relationships between the levels of industrial output should be taken into account in the dynamic analysis. Second, we test for the existence of a common business cycle between each east Asian country and Japan. Finally, we examine the existence of a common business cycle in east Asia.

Unstable long-run relationships

Even though it has become customary to follow the lead of Hamilton and examine, in a multivariate setting, regime switching for growth rates of output in a MS-VAR, one should be careful not to leave out possible long run relationships, which would lead to estimate a MS-VECM. The strategy recommended by Krolzig (1996) consists in following a two-step procedure. In the first step one tests for the presence of cointegration between the levels of the variables. In case such a long run relationship exists, is satisfactory and reliable, one can proceed and estimate a MS-VECM conditional on the estimated cointegration matrix. 

When using the Johansen maximum likelihood procedure, with a lag of two, we find evidence at the 1% level in favour of one cointegrating vector between the level of industrial output of the four east Asian countries. We also estimate the model recursively. The associated recursive eigenvalue is plotted in figure 2. There is evidence of a breakdown in the long run relationship in the first half of the eighties. Such a breakdown in the cointegrating relationship may be attributed for example to a catching up process on the part of emerging countries vis a vis Japan. Accordingly, it does not seem possible to consider the vector error-correction model associated with the long-run vector. We thus proceed with the estimation of unrestricted vector auto-regressive models.

Table 9: Multiple cointegration analysis


R=0
R<=1
R<=2
R<=3
R<=3

4 countries






Trace (T-nm)
61.28**
32.7
13.63
4.77


Critical value
53.1
34.9
20.0
9.2


** 1 % level. 

Figure 2 : Recursive eigenvalue (model with four countries)
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A common business cycle between each east Asian country and Japan 

With a multicountry VAR, we consider a three-regime model in order to pick up the possibility of rapid growth episodes and recessions. We want to determine whether each of the three east Asian countries shares a common business cycle with Japan. We implement a test used for instance by Peersman and Smets (2001) in the European case. This consists in estimating the joint model for n-1 countries and the nth country separately. One then compares the sum of these two log likelihoods with the log likelihood of the n-country model. In case the sum is higher in absolute value than the log likelihood of the n country model, we conclude that the country has the same business cycle as the remaining n-1 countries. 

Table 10 Test of a common business cycle for each East Asian country with Japan  

(ln Likelihood).

Countries
Japan+1 country
2 countries

Korea
-533.62
-523.23

Malaysia
-555.17
-544.35

Singapore
-551.21
-552.21

sample : 1970(II)-2001(I) Model MSIH (3), VAR(2).

In a bivariate analysis, we find that the sum of the likelihoods of the Japanese model and of any other country’s model is indeed higher in absolute value than the log likelihood of the two-country model. This result implies that each of the three countries shares a common business cycle with Japan. The correlations with Japan in such bilateral models are negative for Korea in all regimes, as well as for Singapore with the exception of regime 3. By contrast, correlations are positive with Malaysia, except in the high growth regime.

Table 11 : Correlations with Japan in bilateral models

Korea
Malaysia
Singapore

Japan 




( reg.1)
-0.875
0.235
-0.308

( reg.2)
-0.201
0.0975
-0.459

( reg.3)
-0.104
-0.995
0.241

MSIH(3) –VAR(2) 

A common business cycle for east Asia 

In a multilateral setting, the test of the sum of likelihoods for each east Asian country vis a vis the set of the others implies that all three countries share a common cycle with Japan (raw one, table 12). The same is true for any country vis a vis the other three. Similarly, north east Asian countries jointly share a common business cycle with south east Asian ones.

Table 12 : Test of a common business cycle for East Asia (ln Likelihood).

Countries
3+1 countries
4 countries

Japan
-1157.07
-1137.38

Korea
-1155.54
-1137.38

Malaysia
-1161.96
-1137.38

Singapore
-1155.14
-1137.38


2+2 countries 


North Asia 
-1161.71
-1137.38

Sample : 1971(II)-2001(I) Model MSIH (3), VAR(2).

On the basis of information criteria, we selected for the four-country model a switching intercept cum switching variance model with two lags. The ‘recession’ and ‘rapid growth’ regimes have a similar duration of almost two and a half quarters, while the duration of the ‘normal growth’ regime is almost twice as large (table 13). The recession regime has the largest variance in both Japan and Korea, while for the two south-east Asian countries this is true respectively of the rapid growth and normal growth regimes. The large coefficient of lagged Japanese growth in the Singapore growth equation is striking. This is true to a lesser extent for Malaysia and for Korea.

The transition probabilities show that the two extreme regimes, recession and rapid growth appear both rather unstable (table 13). There is an equal probability (40 %) of going from regime One to regime Three as going from the latter to regime 2. By contrast, the normal growth regime appears stable. As a result, whatever the regime from which the system starts, it converges to the normal growth regime. 

Table 13 : Estimation results of the four country model. 


Japan
Korea
Malaysia
Singapore

Const( reg.1)
-2.167
-0.292
-0.598
-0.419

Const( reg.2)
-0.027
2.33
2.424
2.67

Const( reg.3)
0.700
3.99
3.247
2.32

Jap-1
0.337
0.442
0.436
0.754

Jap-2
0.035
-0.234
0.064
-0.138

Kor-1
0.154
-0.132
0.169
0.086

Kor-2
0.012
0.127
0.060
0.069

Mal-1
-0.044
-0.043
-0.186
-0.089

Mal-2
-0.077
-0.018
-0.249
-0.162

Sing-1
0.047
0.002
0.135
0.101

Sing-2
0.064
0.141
-0.261
-0.312

St. error (R1)
1.65
4.32
2.90
2.04

St. Error (R2)
1.35
3.34
2.40
2.97

St. error (R3)
1.15
1.34
4.89
4.66

Duration (R1)
2.40




Duration (R2)
4.62




Duration (R3)
2.36





Proba (reg.1)
Proba (reg. 2)
Proba (reg. 3)


Proba (reg.1)
0.58
0.01
0.40


Proba (reg. 2)
0.07
0.78
0.13


Proba (reg. 3)
0.02
0.39
0.57


LR linearity test:    95.5695    Chi(28) =[0.00] **  Chi(34)=[0.00] **  DAVIES=[0.00] **

Sample : 1970(II)-2001(I).

Table 14 : Correlations of growth shocks. 


Korea
Malaysia
Singapore

Japan 




( reg.1)
-0.48
-0.57
-0.62

( reg.2)
-0.352
0.046
-0.269

( reg.3)
0.618
0.165
0.523

Korea




( reg.1)

0.101
-0.139

( reg.2)

-0.189
-0.141

( reg.3)

-0.150
0.325

Malaysia




( reg.1)


0.392

( reg.2)


0.515

( reg.3)


0.137

The sign of correlations with Japanese shocks does not change compared to the bilateral model for Singapore, and for the first two regimes with Korea (table 14). But it is now positive in the high growth regime for both Korea and Malaysia, and negative in the recession regime for the latter country. Overall, in the multilateral model, correlations with Japan are always negative in the recession regime, but always positive in the ‘rapid growth’ regime. In the normal growth regime, they are either negative (Korea, Singapore) or very small. Overall this is yet another confirmation of the lack of symmetry of growth cycles between Japan and other east Asian countries, already noticed above. The plots in the Appendix, together with the probabilities of the first and third regime, show the pattern of residuals for the different countries during the recession and ‘rapid growth’ periods.

Table 15 : Asymmetry of the business cycle

Japan
Korea
Malaysia
Singapore

Deepness
1.62

[0.20]
0.23

[0.62]
1.01

[0.31]
1.49

[0.22]

Steepness
3.07

[0.08]
1.70

[0.19]
0.46

[0.49]
0.16

[0.68]








Non-sharpness
p_12 = p_32
p_13 = p_31
p_21 = p_23


8.56

[0.03]*
1.37

[0.24]
6.87

[0.00]**
0.55

[0.45]

test: Chi2(1) under the null of symmetry. 

The parametric tests (table 15) provide evidence of asymmetric turning points (sharpness) in the common business cycle. The rejection of the hypothesis of deepness implies that the magnitude of the trough does not seem larger than the magnitude of the peak, for any country. Similarly, growth recessions do not seem steeper than expansions, with the possible exception of Japan (at the 10 per cent level).

The first and the last two growth-cycle trough periods in the common cycle model (table 16) correspond to a trough in Japan (as defined by the single country models, table 5) and at least three other countries. This pattern characterises the 1970s and the 1990s. By contrast in the 1980s the common-cycle trough periods correspond to a trough in Korea, similarly defined, either alone, with Japan, or with the two ASEAN countries.

Table 16 :Common growth cycle trough periods East Asian countries.  

1973-75
1978-80
1980-83
1985-86
1997-99
2000-01

1974:2 - 1975:1
1980:3 - 1980:3
1981:4-1982:1
1985:1-1985:2
1997:4 - 1998:2
2004:4 - 2001:1

4. Conclusion

The present paper has highlighted the main features of business cycles in Japan and three East Asian countries over the last three decades. We examined the relevance of a three-regime Markov-switching model of the growth cycle. A recovery regime of fast growth appears an adequate description of business cycle patterns for Singapore and for Korea, while Malaysia’s growth cycle is well characterised by a two-regime model. For Japan, a special classification is appropriate. The customary three regime classification should be replaced by ‘recession’, ‘stagnation’ and ‘expansion’; all of them being characterised by low volatility. Stagnation in Japan is a very unstable regime with almost no volatility. A similar unstable regime is present in Korea, but in that country there is little difference between mean growth rates in ‘expansions’ and ‘growth recession’ regimes

With respect to the symmetry of business cycles, coincidence of turning points among Japan and other east Asian countries appears for some but not all ‘growth recessions’. Transition probabilities show some similarities between Japan and Korea while Singapore is characterised by a specific sequence of regime which does not validate Friedman’s view since there is no transition from recession to rapid growth. Cross-correlations of recession probabilities do not seem very high. Indeed they are about half the level found in similar studies on west-European countries (Artis et al 1999). The specific features of Japanese macroeconomic developments in the 1990s may bear a high responsibility in the overall lack of symmetry between the cycles of Japan and other east Asian countries over the last three decades taken together.

There is no evidence of a stable long run relationship between industrial output levels of these four countries. When considering an unrestricted Markov-switching VAR models, each of the three east Asian countries appears to share a common growth cycle with Japan. At a multilateral level, there exists a growth cycle common to all four countries. The study of correlations across countries of growth shocks shows that in a multilateral context, such correlations with Japan are always negative in the recession and normal growth regimes, but always positive in the rapid growth regime. The diversification effect at work during the first two regimes implies that simple unconditional correlations between growth rates are very misleading, since they always imply a positive growth correlation between Japan and other east Asian economies in each of the last three decades.
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Appendix

Shocks and probabilities of regimes in the common cycle model : MSMH(3)-VAR(2).

Figure A1.1. The pattern of residuals for each country in the common cycle model. 
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Figure A1.2 : Probability of regimes One and Three.
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� We give here the example, originally used by Hamilton (1989), of an A.R. (4) process, but will in the tests use information criteria to test for the optimum lag.


� For a given number of regime, such tests are valid since standard asymptotics apply. However things are different when we test for the null of no-switching versus the hypothesis of two regimes using the Likelihood ratio. We know since Davies’ (1977) paper that when testing the Markov-switching model against the linear alternative standard distribution theory does not apply since a nuisance parameter (i.e. the transition probabilities) is not identified under the null hypothesis. The use of critical values suggested for this specific case by Garcia (1993) for the two-regime models leads to unambiguously reject the null of linearity against the Markov trend model in the case of Malaysia, but also for other countries (the LR is 15.9 for Japan, 18.7 for Korea and 17.6 for Singapore). Garcia does not compute the critical values for the three regime model. The extension to his approach would be computationally costly and beyond the scope of this paper. “Furthermore, it delivers only a bound on the asymptotic distribution of the standardised LR test. The test is conservative, tending to be under-sized in practice and of low power” (Krolzig and Toro, 2000, p.9). One can only note that the LR values reported in table 4 are very substantially higher than with the two-regime model. Besides we present the result of Davies’ (1977) test of the null hypothesis of M-1 states. This shows that the null of two regimes is rejected for Japan, Korea and Singapore.
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