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Abstract

This paper analyzes the business cycle transmission between Japan and the USA.  A
two-step procedure developed by Cheung and Ng (1996) is used to analyze mean and
variance causal relationships to examine the mean and volatility causation relationships
between the two countries.  The empirical results that the information flows between
the two countries affect the output movements but not the volatility movements of both
countries.
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1. Introduction

International business cycle transmission and the world business cycle have

long been of interest to economists, and it is recognized that independency between the

economic activities of nations plays an important role in the modern world economy.1

Although nations have in some ways become more independent especially since the

shift to a floating exchange rate system, analysis of national economic fluctuations

based solely on domestic factors would be inadequate.  This is particularly true of a

country like Japan, whose economic structure is highly dependent on other countries

such as the USA.2  Thus, many researchers have analyzed the economic transmission

mechanisms between Japan and the USA.  Some examples include Selover (1997),

Hamori (1998), Selover (1999), and Hamori (2000a).

Selover (1997) analyzes business cycle transmission between Japan and the

USA, focusing on the transmission of industrial production, price, and interest rate

shocks between the two countries.  Using monthly data for the period January 1961 to

July 1994, no cointegration was found between US and Japanese industrial production.

Results indicate that the transmission between the two economies is relatively modest

and thus the USA does not drive the Japanese economy.

Hamori (1998) performs a time-series analysis concerning interdependencies

between economic fluctuations in Japan and the USA, making use of data on money

supply, GDP, and exchange rates in the two nations after the shift to the floating

exchange rate system.  He finds that the effect of economic fluctuation between Japan

and the USA is asymmetric; whereas fluctuations in the USA economy exert a great

influence on Japan, the converse is not true.

Selover (1999) investigates the international transmission of business cycles

among the ASEAN countries, and between the ASEAN nations and their major trading

partners.  Using the annual real GDP data from 1961 to 1997, the empirical analysis

gives only weak evidence of transmission of business cycles among the ASEAN

economies and between the ASEAN economies and their major trading partners.

                                                       
1 Theoretical work concerning this topic is well represented by Dornbush (1980), Hamada (1985)
and Ahmed, Ickes, Wang and Yoo (1993).
2 There is an old saying in Japan that if the USA sneezes, Japan catches a cold.
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Hamori (2000a) analyzes the interdependent relationships of business cycles

among four major countries i.e., Germany, Japan, the UK, and the USA.  For the total

sample period from 1962 to 1995, it is found that the economies of individual countries

move independently and that the inter-dependence is weak.  However, causality can be

observed from the USA to Japan and from Japan to Germany.

These empirical studies use output data to infer the information linkage among

countries.  However, as demonstrated by Ross (1989), volatility provides useful data

on information flow.  Thus, data on output volatility can provide more information

than that provided by output data alone.  This paper uses the two-step procedure

developed by Cheung and Ng (1996) to analyze the mean and variance causal

relationships.  Cheung and Ng formally developed test statistics that make use of the

cross-correlation function (CCF) of standardized residuals and squared standardized

residuals to detect causal relationships and to identify patterns of causation in the first

and second moment, respectively.3

As stressed by Cheung and Ng, there are several merits of using this CCF

approach.  The CCF approach can analyze the causality not only in mean but also in

variance.  It is easier to implement than the multivariate method since it involves no

simultaneous modeling, and is useful when a large number of series are under

investigation and long lags are expected in the causation pattern.  The approach has a

well-defined asymptotic distribution, and its asymptotic behavior does not depend on

the normality assumption.  It also provides information on the timing of causation,

unlike the conventional causality test.  Furthermore, since the approach depends on the

residuals estimated from the univariate model, there are no concerns about the

omission-of-variables problem.  Considering the ample merits of this approach, the

number of studies actually applying it seems insufficient.  In this study on the temporal

precedence in return and volatility, the authors apply this approach in the hopes that it

will provide empirical evidence supporting the economic linkages between Japan and

the USA.

2. Data

                                                       
3 See also Hamori (2003).
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The data consists of monthly observations of the seasonally adjusted industrial

production index for Japan and the USA from January 1980 to May 2001 (Japan:

15866..ZF; USA: 11166..ZF). This paper uses the industrial production index rather

than GDP because industrial production is available monthly and offers more

observations.  Moreover, industrial production is more sensitive to business cycles than

GDP, and thus is more likely to reflect such phenomena.  The source is the

International Financial Statistics of the International Monetary Fund.  Table 1 shows

the summary statistics for the real growth rate of the industrial production index.

The real growth rate of industrial production is calculated as 1ln lnt t ty Y Y −= − ,

where tY  is the industrial production index at time t .  The index is logged and

differenced to achieve stationarity.  Thus, the real growth rate is obtained for the

period between February 1980 and May 2001.  Table 1 shows the mean, standard

deviation (Std. Dev.), skewness, kurtosis, and the Jarque-Bera statistic with its

associated probability value.4

The average growth rate of industrial production is 0.0013 for Japan and

0.0022 for the USA.  The standard deviation is 0.0167 for Japan and 0.0068 for the

USA.  The skewness is -0.0336 for Japan and -0.0365 for the USA.  The kurtosis is

3.2690 for Japan and 4.2030 for the USA.  The Jarque-Bera statistic (its associated

P −value) is 0.8205 (0.6635) for Japan and 21.1083 (0.0000) for the USA.  Thus, the

null hypothesis of normal distribution is rejected for the USA but not for Japan.  Table

1 also shows the correlation coefficient between the two countries is 0.0857.

3. Empirical Technique

The CCF approach proposed by Cheung and Ng is employed to analyze the

mean and variance causal relationships across markets.  The first step involves the

estimation of univariate time-series models that allow for time variation in both

conditional means and conditional variances.  This section uses the AR( k )-

                                                       
4 See Jarque and Bera (1987).
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EGARCH( ,p q ) specification for the first stage.5

The conditional mean and conditional variance are respectively specified as

follows:

(1) 0 1
,

k

t i t i ti
y yπ π ε−=

= + +∑
2

1| (0, )t t tI Nε σ− �

(2) 2 2

1 1
ln ( | | ) ln

p q

t i t i i t i i t ii i
z zσ ω α γ β σ− − −= =

= + + +∑ ∑

where t t tz ε σ=  and 1tI −  is the information set available at time 1t − .  Equations

(1) and (2) show the AR( k ) process and the EGARCH( ,p q ) process, respectively.

Each model is estimated by the method of maximum likelihood.  Parameter

estimates and their asymptotic standard errors, which are robust to departures from

normality using the consistent variance-covariance estimator of Bollerslev and

Wooldridge (1992), are reported.  Though the Cheung-Ng test results are robust to

distributional assumptions, inferences about the EGARCH parameter estimates may be

sensitive to deviations from normality.  Hence the Bollerslev-Wooldridge standard

errors are reported.

The SBIC and the Ljung-Box test are used to specify the model.  The SBIC is

often used for model selection and smaller values of the SBIC are preferred.6  The

Ljung-Box test is used to check if there is no serial correlation in residuals.7  The

choice of k , p , and q  is carried out among 1, 2,...,12k = , 1, 2p = , and 1, 2q =

using the SBIC and residual diagnostics.

The second step of the CCF approach is to analyze the causality in mean and

variance based on the empirical results of the AR-EGARCH model.  There is no

evidence of causality in mean when all cross-correlation coefficients calculated from

standardized residuals, at all possible leads and lags, are not significantly different from

zero.  Similarly, there is no evidence of causality in variance when all cross-correlation

coefficients calculated from squares of standardized residuals, at all possible leads and

lags, are not significantly different from zero.  The causality pattern is indicated by

significant cross-correlations.

                                                       
5 See Nelson (1991) for the EGARCH model.
6 See Schwarz (1978).
7 See Ljung and Box (1978).
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4. Empirical Results

Table 2 shows the empirical results of the AR-EGARCH model for Japan and

the USA.  The AR(4)-EGARCH(1,1) model is chosen for Japan, whereas the AR(3)-

EGARCH(1,1) model is chosen for the USA.

As shown in the table, the coefficient of the GARCH term ( β ) is estimated to

be 0.989 for Japan and 0.949 for the USA.  The coefficient is statistically significant at

the 1 percent level for both countries.  The coefficient of the asymmetric effect (γ ) is

estimated to be -0.068 for Japan and -0.143 for the USA.  This coefficient is

statistically significant for Japan at the 5 percent level and for the USA at the 1 percent

level.  Hamori (2000b) analyzed the volatility of real GDP growth rates for the USA,

the UK, and Japan, using three ARCH-type models (GARCH, T-GARCH, and E-

GARCH), and found that the GARCH version provided the best statistical fit,

suggesting that the volatility is variable and symmetric rather than asymmetric to the

real growth rate of GDP.  However, this paper shows that the asymmetric parameter is

statistically significant for the growth rate of industrial production.

Table 2 also shows the diagnostics of the empirical results of the AR-EGARCH

model.  (12)Q  is a test statistic for the null hypothesis that there is no autocorrelation

up to order 12 for standardized residuals, while 2 (12)Q  is a test statistic for the null

hypothesis that there is no autocorrelation up to order 12 for standardized residuals

squared.  (12)Q  ( P −value) is 19.209 (0.084) for Japan and 9.020 (0.701) for the USA.

Thus, the null hypothesis of no autocorrelation up to order 12 for standardized residuals

is accepted for all cases.  As shown in the table, 2 (12)Q  ( P −value) is 12.316 (0.421)

for Japan and 11.436 (0.492) for the USA.  Thus, the null hypothesis of no

autocorrelation up to order 12 for standardized residuals squared is accepted for all

cases.  These results empirically support the specification of the AR-EGARCH model.

Sample cross-correlations of standardized residuals and standardized residuals

squared are reported in Table 3.  Standardized residuals obtained from the AR-

EGARCH model are plotted in Figure 1 for Japan and in Figure 3 for the USA.

Squares of standardized residuals obtained from the AR-EGARCH model are plotted in

Figure 2 for Japan and in Figure 4 for the USA.  In the table, lag refers to the number
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of periods that Japanese industrial production lags behind US industrial production, and

lead refers to the number of periods that Japanese industrial production leads US

industrial production.  Significant cross-correlation at a certain number of lags is

considered as an indication of US industrial production affecting Japanese industrial

production, while significant cross-correlation at a certain number of leads indicates

Japanese industrial production affecting US industrial production.

Contemporaneous correlation is 0.109 in mean and -0.042 in variance, but none

of them are statistically significant at the 5 percent level.  US industrial production

affects Japanese industrial production in mean at lags 2 and 5, whereas Japanese

industrial production affects US industrial production at lags 4 and 11.  It is interesting

to see that there is no causality in variance between Japanese and US industrial

production.

5. Some Concluding Remarks

The global impact of economic fluctuations in individual countries is an

important issue in modern macroeconometric analysis.  Analyzing the process by

which the economic shocks in a specific country spread to other countries is also

important from the standpoint of policy management.  If the economies of individual

countries fluctuate without affecting other countries, then policy managers can focus on

the interests of their own country without having to direct concern elsewhere.

However, if all countries are closely linked from the standpoint of the global economy,

then consideration of the impact of policy management in other countries takes on

added importance.  Consequently, this problem has been extensively studied by many

researchers.

Most empirical studies use output data to infer the information linkage among

countries.  However, as demonstrated by Ross (1989), volatility provides useful data

on information flow.  Thus, data on output volatility can provide more information

than that provided by output data alone.

This paper analyzes the business cycle transmission between Japan and the USA.

The two-step procedure developed by Cheung and Ng is used to analyze mean and

variance causal relationships to examine the mean and volatility causation relationships
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between the two countries.  The empirical results show some interesting characteristics

of these markets.  First of all, the AR-GARCH model can explain the dynamic

behavior of industrial production of both countries.  Next, Japan and the USA share a

causal relationship in mean but not in variance.  This shows that the information flows

between the two countries affect the output movements but not the volatility movements

of both countries.  Existing literature suggests the link between Japan and the USA is

weak.  However, this paper shows that a proper account of conditional

heteroskedasticity can have a significant implication for the study of output volatility at

least in the level of causality in mean.  The weakness of the causality in variance may

be explained by the fact that the risk within each country such as commodity price

fluctuation and major political disturbances might have dominated the interdependence

effects between nations, and hindered the measurement of international business cycle

transmission.
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Table 1
Summary Statistics

Japan USA
Mean 0.0013 0.0022

Std. Dev. 0.0167 0.0068
Skewness -0.0336 -0.0365
Kurtosis 3.2690 4.2030

Jarque-Bera 0.8205 21.1083
P −value 0.6635 0.0000

Correlation 0.0857
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Table 2
Empirical Results of the AR-EGARCH Model

Japan USA

Model AR(4)-EGARCH(1,1) AR(3)-EGARCH(1,1)

0π 0.001 0.001**
SE( 0π ) (0.001) (0.0005)

1π -0.451** 0.119*
SE( 1π ) (0.061) (0.059)

2π 0.015 0.158**
SE( 2π ) (0.065) (0.058)

3π 0.408** 0.172**
SE( 3π ) (0.066) (0.063)

4π 0.162**
SE( 4π ) (0.065)

ω -0.130 -0.567**
SE(ω ) (0.121) (0.213)

α 0.057 0.035
SE(α ) (0.041) (0.050)

γ -0.068* -0.143**
SE(γ ) (0.029) (0.048)

β 0.989** 0.949**
SE( β ) (0.014) (0.021)

Log Likelihood 722.132 954.587
(12)Q 19.209 9.020

P −value (0.084) (0.701)
2 (12)Q 12.316 11.436

P −value (0.421) (0.492)

Significance at the 1 percent level is indicated by ** and at the 5 percent level is
indicated by *.  (12)Q  is the Ljung-Box statistic for the null hypothesis that there is no
autocorrelation up to order 12 for standardized residuals.  2 (12)Q  is the Ljung-Box
statistic for the null hypothesis that there is no autocorrelation up to order 12 for
standardized residuals squared. .
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Table 3
Sample Cross correlation of Standardized Residuals

Levels Squares

k
Lag

Japan and US( k− )
Lead

Japan and US( k+ )
Lag

Japan and US( k− )
Lead

Japan and US( k+ )

0 0.109 -0.042
1 0.020 -0.058 0.063 -0.031
2 0.124* -0.051 -0.105 -0.044
3 0.056 -0.049 -0.099 -0.037
4 0.099 0.125* -0.075 0.012
5 0.215** -0.051 0.049 0.026
6 -0.025 -0.024 0.011 -0.091
7 -0.051 0.057 0.119 0.020
8 -0.014 -0.013 0.013 -0.114
9 -0.068 -0.004 0.101 0.116
10 0.022 -0.114 -0.096 -0.091
11 0.094 -0.133* 0.000 -0.070
12 -0.006 0.030 -0.031 0.057
13 0.064 -0.020 0.062 -0.056
14 -0.022 0.033 0.088 0.043
15 -0.089 -0.018 0.031 0.062
16 0.029 -0.081 -0.009 0.016
17 -0.002 -0.081 -0.021 0.065
18 -0.093 0.030 -0.058 -0.082
19 -0.018 -0.061 -0.013 0.021
20 -0.081 -0.117 -0.032 0.054
21 0.055 -0.014 0.032 -0.038
22 0.031 0.015 -0.057 -0.043
23 0.012 -0.062 -0.042 -0.006
24 -0.094 -0.034 0.084 -0.006

Note:
Significance at the 1 percent and 5 percent level is indicated by ** and *, respectively.
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Figure 1 standardized Residuals: Japan
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Figure 3 Standardized Residuals: USA
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