THE SYNCHRONIZATION OF OUTPUT
FLUCTUATIONS BETWEEN TAIWAN
AND THE UNITED STATES
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Abstract

This paper investigates the nature of output fluctuations in both
Taiwan and the U.S. for the period from 1961 to 1987. It attempts
to test (1) whether the evolution of the output series is better
represented by the deterministic trend process or by the stochastic
trend process, and (2) which component, trend or cycle, plays a more
important role in the output fluctuations.

Using the Dickey-Fuller test and the Phillips-Perron test to
examine three different unit root models, the results show that we
cannot reject the hypothesis that the evolutions of Taiwan’s and
U. S. real output follow a stochastic trend process. Both estimates
of the structural model and the ARIMA model indicate that the
trend component plays a more important role than the cycle com-
ponent in both countries’ output fluctuations. In addition, innova-
tions in output have persistent effect on the output fluctuations of
Taiwan and the U. S.

At the end, the output cycles derived by the OLS and ARIMA
models are compared. We find that the output cycles derived by the
OLS model have a larger magnitudes but lower frequencies than the
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output cycles derived by the ARIMA model. Referring to theoretical
background, the output cycles derived by the ARIMA model rather
than by the OLS model should be used to represent the synchro-
nization of output fluctuations between Taiwan and the U. S.

1. Decomposition of Output Fluctuations

The international economic interdependence is usually reflected by the
synchronization of economic fluctuations among countries. There are two major
measurements of the synchronization of economic fluctuations. One of them
is the so-called “diffusion index” [3,4,19] or “weighted diffusion index,” [17]
which measures the uniformity of the direction of change in a set of economic
variables, and hence the extent of synchronization of economic fluctuations
among countries.

Another measurement is referred to as the “growth cycle.” It can be estimated
either in terms of the growth rate of such economic variables as output or in
terms of relative deviation from such a variable. The conventional measurement
of economic fluctuations (or business cycles) assumes that the loci of the evolution
of output follow a simple polynomial function of time. Under this assumption,
if output is regressed on time, the fitted value of the output therefore can be
viewed as its trend value, and the residual is viewed as the cycle component of
the variable. This approach implies that the trend is deterministic and economic
fluctuations are attributed entirely to the variation from the trend.

If the evolution of a variable follows a trend stationary process, the linear
detrending approach can be used for the separation of its trend and cycle com-
ponents. On the other hand, if the variable’s evolution does not follow a trend
stationary but a random walk process, the use of linear polynomial model to
decompose a time series into the trend and the cycle components will produce
pseudo-cyclical and purely artificial fluctuation patterns of the variables.!

VIf the linear least square is used to detrend a random walk time series, the first few lags’ auto-
correlations will be spurious positive, this implies that the residuals are not white noise,
periodicity is hence meaningless and the genuine dynamics of economy is overlooked [7,22,23].
Nelson and Kang [22] conclude that

Conventional tests for trend are strongly biased toward finding a trend when none is present, and
this effect is only partially mitigated by Cochrane-Orcutt correction for autocorrelation.
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Beveridge and Nelson [2], and Nelson and Plosser {21] criticize the conven-
tional approach of decomposing economic time series into the trend and the cycle
components' in measuring the business cycle. Nelson and Plosser interpret most
U. S. economic time series as belonging to the random walk model,? hence treating
these time series as the deterministic trend model and using the ordinary least
square to detrend and decompose the time series into the trend and the cycle
components are inappropriate.

The conventional decomposition approach assumes that the trend component
is deterministic in nature and the cycle component is stochastic and stationary
around a trend. This implies that the variation in macroeconomic time series is
determined entirely by the variation of the cycle component instead of the trend
component. On the other hand, the Nelson and Plosser approach assumes that
the trend component is a non-stationary stochastic process and the cycle
component is a stationary process. Under this approach, the variation in macro-
economic time series can be attributed to both components. The accumulation
of the variance of the innovations in the trend component will increase without
bound as time becomes larger. If the Nelson and Plosser approach was correct,
the variation of macrocconomic time series would be mostly attributed to the
trend component in the long run,

In macroeconomic analysis, monetary disturbances are assumed to have only
a transitory impact on the economy. The conventional decomposition approach
implies that economic fluctuations are mainly caused by monetary disturbances,
not real disturbances. Economic theory assumes that real disturbances have long-
run real effect on the economy, hence it associates with the trend component of
marcroeconomic time series. Therefore, the Nelson and Plosser approach attributes
economic fluctuations in the long run mainly to the real disturbances not to the
approach.3 The latter considers that long-run evolution of economic variable is
business cycle [18].

The Nelson and Plosser approach also has different implications for the
persistence of economic fluctuations from the conventional decomposition

2 Nelson: and Plosser use the U. S. historical annual data (with starting dates from 1860 to 1909
and ending in 1970) to analyze and conclude that the evidence is consistent with the random
walk orocess. But, they recognize that none of the tests can have power against a trend
stationary process alternative with root of autoregressions arbitrarily close to unity.
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approach.® The latter considers that long-run evolution of economic variable is
deterministic and perfectly predictable, the innovations will not have a persistent
effect on the variable. On the other hand, if the evolution of economic variable
is random and not deterministic, then its deviation from any deterministic path
will grow when time increases (because random walk is an accumulation of
disturbances), the innovations will have persistent effect on the variable 4 Thus,
before choice of the method of detrending is made, we should test whether the
evolution of a variable being considered belongs to the deterministic trend or to
the stochastic trend process.

2. Evolution Process of Qutput

If the seasonal swings and the variation in the irregular component do not
depend on the level of the series, the output at time t, Yy, can be properly expressed
by the additive decomposition approach. That is

Yt=T[+C[+S[+Et,l‘=1,...,N, (H)
where 77, Cy, Sp, and E; are trend, cyclical, seasonal, and irregular (or error) com-
ponents respectively. If seasonal element is adjusted (or deseasoned) and irregular
component is ignored, the output variable can be expressed as®

Y[=T[+C[,f=1,...,N. (2)

We assume that the process generating the trend takes the following form

Tr=Tr y +8_, +my, (3)
Br=Br—y + 8,

3 Campbell and Mankiw [6] define the persistence as

a shock to an economy may be considered persistent if it lasts for more than one period... or con-
tinuing for a long time into the future.

# Campbell and Mankiw [S] argue that the fluctuations in the U. 8. output appear highly persist-
ent. They also show that most industrial countries’ (Canada, France, Germany, Italy, and
Japan) output fluctuations are more persistent than the U, S, [6]. But, Cochrane [9] argues
that little long-term persistence in the U. S. output fluctuations.

* The following analysis mainly follows Harvey [15] and Harvey and Todd [16].
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where 7y and §; are normally distributed independent white noise terms with
zero means and variances 07 and o} respectively, and § is drift.

The cycle component Cy can be assumed to be generated by a stationary
discrete linear stochastic process, which can be either an autoregressive process
(AR). or a moving average process (MA), or an autoregressive moving average
process (ARMA). The mathematical expression of C is

¢ B =0Buy, t=1,..., N, 4

where u; is a normally distributed and independent white noise term with zero
mean and variance ¢2, B is the backward-shift operator, ¢(B) and §(B) are polyno-
mials in B that satisfy the conditions for stationary and invertibility. If 86(B) =
1, C; is an autoregressive process; if ¢(B) = 1, C; is a moving average process;
if 8(B) # and ¢(B) # 1, C; is an autoregressive moving average process. Combining
equations (2), (3), and (4), we obtain a structural model for output evolution

Yy =T + G,
Tr=Tp_y +Br_y +my, )
BI =Bf—l +6t7

¢(BYCr = 0(B)uy.

In equation (5), the observed series Y, is decomposed into unobserved com-
ponents of 7y and C;. It is hence called the “unobserved components model”
(a simplified model to represent the evolution process of time series Y;). If o} =
o7 = 0, equation (5) reduces to a deterministic (linear) trend process. Furthermore,
if C; follows a stationary and invertible linear process, equation (5) becomes a
linear trend-stationary model and can be expressed as

Yir=a+bT + (G, (6)

wherz ¢ and b are parameters, 7T is time trend, (; is the cycle component repre-
senting the deviation from trend.

I” equation (6) is the true evolution process of an output variable, then
ordinary least square (OLS) can be used to detrend the time series Y;. The fitted
value of Y; (i.e., Yt =a+ BT) is regarded as theitrend component, and the residual
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is viewed as the cycle component.
Equation (5) can be rewritten as follow if 62 =0, then §; =3, _, =8

Y =Ty + G,
Tr=Ti_y +B+my, (7
¢(BYC; = 6(B)uy.

Taking the first difference of Y;, we get

AYr=B+n + 280, (8)

where AY; and AC; are the first difference of both the output variable and its
cycle component respectively.

Provided that o} > 0, and n; follows a stationary and invertible ARMA process,
then equation (8) proves that equation (7) is stationary in first difference.

In essence, equation (6) is a deterministic trend model where the evolution of
Y; follows a linear trend-stationary process. Nelson and Plosser dub it the “trend-
stationary model.”” The evolution of Y; in the long-run is completely deterministic
(Le. ignoring the short-run fluctuations caused by the irregular or error com-
ponent). The long-term expectations of Y, depend only on its mean (a + bT),
neither current not past events will alter long-term expectations, thus uncertainty
is bounded, even in the infinite future. Therefore, the deterministic trend model
implies that the variation of Y; comes from the cycle component only and its
variance is finite.

Equation (7) is a stochastic trend model where the evolution of Y; follows
a difference-stationary process, and the stochastic comes from the stochastic of
trend component. Nelson and Plosser call it as the “difference-stationary model. "6
The stochastic trend model implies that the variation of Y: comes from both the
trend component and the cycle component. If the trend component follows
a process assumed to be a random walk with drift, then the accumulation of

® The deterministic trend model is of course difference-stationary, thus the difference-stationary
model is not a good term to equation (7).
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variation of the trend component (hence the series) will increase over time.”

3. Identification and Estimation of Output Evolution

The identification of a macroeconomic time series include the identification
of the model (the deterministic trend model or the stochastic trend model) and
the identification of the evolution of the series. That is, if the series is identified
as the stochastic trend model, then what kind of stationary discrete linear
stochastic process causes the generation of the series?

There are two main approaches to identify and estimate a macroeconomic
time series. One is the single equation approach, while the other is the structural
(or unobserved components) approach. Using the single equation approach,
Dickey and Fuller [10,11] suggest a simple way to test the deterministic trend
hypothesis against the stochastic trend hypothesis, that is to employ OLS to run
the following equations

Ye=pY,  +y(Yeoy — Yi_y) te, ®
Yr=a+pYr | +y(Yeoy — Yip) te, (10)
Yy=a+BT+pYr | +y(Ye | — Yi 5) tey, (an

where « is the deterministic (or drift) term, T is the time trend, €, is the error term.
Equation (9) is a pure random walk model, equation (10) is a random walk with
drift @ model, and equation (11) is a random walk with drift o and linear time
trend T model. Equations (9), (10), and (11) are a nested test for equations
(6) and (8). The null hypothesis of equation (9) is Hy : (p) = (1), that is the model
is a pure random walk process; equation (10) is Hy: (¢, p) = (0, 1), that is, the
model is a pure random walk process; equation (11) is Hy: («, 8, p) = (o, O, 1),
that is, the model is a random walk with drift process, or H,: (o, 8, p) = (0, 0, 1),
that is, the model is a pure random walk process. All the null hypotheses of these

7 The deterministic trend model can be expressed as: Y; = f(T) + uy, where f(T) is a function of
time T, u; is white noise with normal and independent distribution. The variance of Y, equals
the variance of u;. The stochastic trend model can be expressed as (assume no cycle com-
ponent): Y, = Y;_, + B+ n;, where § is the (fixed) mean of first difference of Y, 0, is white
nois¢ with normal and independent distribution. Y, can be expressed as the sum of initial
value Yo and time trend, thatis, Y, = Y, + 7T + E,Tzl n;. Thus, the variance of Y, is accumu-
lated sum of the variance of n;.
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tests are that Y; follows the stochastic trend (or random walk) process.

Because the traditional #-statistic test tends to reject the stochastic trend hy-
pothesis when it is true, Dickey and Fuller developed a revised #-statistics (7-
statistics) {10] and likelihood ratio statistics [11] as alternative.8 Phillips and Per-
ron also developed a nonparametric approach to test this hypothesis. Their test
statistics are in fact the same as Dickey and Fuller’s r-statistics and likelihood ratio
statistics [25,26,27]. By testing equations (9) to (11), many empirical studies
conducted in the past show that the hypothesis that most of U. S. macroeconomic
time series are characterized by the stochastic trend model cannot be rejected at
some (5%) significance level.® But, as Nelson and Plosser has pointed out, the
acceptance of the stochastic trend hypothesis is not a disproof of the alternative
deterministic trend hypothesis.

Another approach to identifying the evolution process of a macroeconomic
time series is based on the sample autocorrelations of the first difference of the
variable. Under the assumption that the trend component follows a random walk
process, and the innovations of trend component and cycle component are in-
dependent, if the sample autocorrelations in the first differences of the variable
are positive and significant at lag one only, this implies that the variable follows
a stochastic trend process. (But this is a very narrowly defined approach.)!°

The Box-Jenkins approach can be used to identify and estimate the difference-
stationary time series if it is generated by the discrete linear stochastic process. For
selection of an appropriate ARIMA model to represent the evolution process of a
macroeconomic time series, the principle of parsimony will prove to be useful.

A general representation of a macroeconomic time series is a structural model.
But, if a priori considerations are imposed on the structural model, the structural

Schwert [30] points out that the test for unit roots of the first difference macroeconomic
time series data should adopt ARMA not just AR model (as equations (9), (10), and (11)),
because the macroeconomic time series variables will not be a pure autoregressive processes.
If the variables were a MA only model, the Dickey-Fuller test would lead to a false conclusion.
For example, with the same data set, both Nelson and Plosser by the Dickey-Fuller approach
[10] and Perron [25] by the nonparametric approach find that the hypothesis that most
U. S. macroeconomic time series follow a stochastic trend process cannot be rejected at the
5% significance level.

If the innovations of trend component and cycle component are uncorrelated, equation (8)
becomes: AY, = 8 + & + 0 _,, where &, is white noise with normal and independent dis-
tribution, and exact maximum likelihood estimation is very possible to produce § = —1.
See Harvey [14], p. 170 and Sargan and Bhargava [28] .
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model will be reduced to a single equation of the ARIMA model. For example,
Nelson and Plosser assume that the innovations of the trend component and the
cycle component are uncorrelated, the structural model reduces to an ARIMA(O,
I, 1) model. If we assumed that the innovations of the trend component and
the cycle component are perfectly correlated, the structural model reduces to an
unconstrained ARIMA model [31].

To formulate the macroeconomic time series by the Box-Jenkins approach, the
ARIMA model is built according to the principle of parsimony on the basis of the
correlogram of the data. This approach assumes that the structure of the series
through out the whole time period analysed is constant and attempts to catch the
true mechanism generating the series. But it puts the prior considerations on the
model and can not give direct interpretation to the components of which the series
is composed. On the other hand, the structural model aims not to represent the
underlying data generation process but to represent and interpret the series in
terms of unobserved components directly.

The ARIMA models are ordinarily estimated by the maximum likelihood
method. This method is restricted by the condition that the absolute value of
MA roots must be less than unity, MA parameters therefore must satisfy the con-
dition of invertibility. If the MA parameters are close to, or lie on, the boundary
of unit root, the ARIMA models should be estimated by exact maximum
likelihood method [14]. (However, one still cannot distinguish a unit root from
a root near unity.)

The structural model can be written in the form of state space. Then, the
Kalman filter can be used to construct the likelihood function, and the parameters
in the structural model can be estimated by the maximum likelihood method.
Following these procedures, equation (5) or (7) can be estimated. By the fitted
value of the variances of the trend component and the cycle component, the
evolution of the series can be classified as the deterministic trend model or the

stochastic trend model.

4. Test of Sino-American Output Evolutions

In order to find out the nature of the output evolutions for Taiwan and the
U. S. during the period from 1961 to 1987, the seasonally adjusted, logarithmic
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quarterly data of both countries’ real GNP, and Taiwan’s real industrial production
are tested.!' The procedure of the test is as follows.

4.1 Unit Root Test

First the ordinary least square (OLS) is used to estimate equations (9), (10),
and (11), i e. three different unit root models are being tested.!> The results
of these works are listed in Table 1, Table 2, and Table 3. In those tables, the
model (3) is a random walk with drift and linear time trend process, the model
(2) is a random walk with drift process, and the model (1) is a pure random walk
process. « is the coefficient of the drift term, 8 is the coefficient of the linear time
trend term, p is the coefficient of the lagged one period dependent variable, v is the
coefficient of the lagged first difference, RSS is the residual sum of squares and
the numbers in parentheses are standard errors.

The 1; are Dickey and Fuller’s revised f-statistics used to test whether p in the
three different models mentioned above is significantly different from unity.
7., Ty, and 7 are 7-statistics when the regression is a random walk with drift and
linear time trend, a random walk with drift, or a pure random walk respectively.
LR statistics are the likelihood ratio test (or F statistics). ¢ is the statistic used
to test the null hypothesis Hqy (o, 8, p) = (&, 0, 1), that is, the model is a random
walk with drift process. @, is the statistic used to test the null hypothesis H,:
(o, B, p) = (0, O, 1), that is, the model is a pure random walk process. ®, is the
statistic used to test the null hypothesis Hy:(o, p) = (0, 1), that is, the model
is a pure random walk process.

In order to prove the robustness of the Dickey-Fuller test, the models (1) and
(2) are again tested by the Phillips and Perron’s nonparametric approach which
imposes a weaker conditions on the innovations of the system and allows for

' The U. S. data are from Citibase which had been seasonally adjusted at annual rates by the
moving average method. Taiwan’s data are from Quarterly National Income Statistics in
Taiwan Area, the Republic of China (1961-1984) (Taipei: DGBAS, June 1986), and Quarterly
National Economic Trend Taiwan Area, the Republic of China: Quarterly National Income
Estimates (Taipei: DGBAS, February 1988) respectively. Taiwan’s data are seasonally
adjusted with TSP package at annual rates by the moving average method. We put emphasis
on realizing the fluctuations of Taiwan’s output, hence both Taiwan’s real GNP and real
industrial production are tested.

12 These models are restrictive, more general models are tested after these tests.
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weakly dependent and heterogeneously distributed time series. 7 and 7 are the
Phillips and Perron’s nonparametric statistics to test p=1, the distributions of 7
and 7 are the same as 7 and 7y respectively.! (The distributions of the 7-statistics
are in Fuller [13], p. 373; the distributions of the likelihood ratio statistics are
in Dickey and Fuller [11], p. 1063.)

Table 1: Unit Root Test for U. S. Real GNP

Model « g p Y RSS  r-statistics LR Statistics
.54 .0005 929 27 ¢, =332%
Model (3) (.19)  (.0002) (.026) (09) .0089 7,=-2.79% $, =3.13*
.06 .994 26 Ty = —1.44*
Model (2) (.03) (.004) (09) 0095 7,=-163*% &, =1.3%
1.0007 29 7=477¢
Model (1) (.00015) (.09) 0097 71=.04%*

*. Accept the null hypothesis at the 10% significance level.
e: Reject the null hypothesis at the 1% significance level.

In Table 1, all the Dickey-Fuller tests, except the pure random walk model,
show that U. S. real GNP follows a random walk process. The nonparametric test
shows that p = 1 in the models (1) and (2) can be accepted at the 10% significance
level. Both approaches fail to reject the stochastic trend hypothesis for the evolu-
tion of U. S. real GNP.

Table 2. Unit Root Test for Taiwan’s Real GNP

Model « 8 p ¥ RSS  7-statistics LR Statistics
2.2 .004 .806 —.49 ®, =4.36%
Modei (3) (.70)  (.001) (.063) (.10) 117 7, = —3.06* ¢, = 3.49%
.08 996 —.14 7, = —.80*
Mode! (2) (.06) (.005) (.10) 127 Ty = —.70% $, = 81%*
1.002 —.142 7=6.12¢
Modei (1) (.0003) (.10) 129 T=.23%

*. Accept the null hypothesis at the 10% significance level.
o: Reject the null hypothesis at the 1% significance level.

In Table 2. the Dickey-Fuller test and the nonparametric test support the
stochastic trend hypothesis, and show that the evolution of Taiwan’s real GNP can
be appropriately represented by a random walk with drift model.

13 7 and T, are calculated by the choice of the truncation lag parameter 1=1.
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Table 3:  Unit Root Test for Taiwan's Real Industrial Production

Model « 8 0 Y RSS  r-statistics LR Statistics
.65 .002 938 015 by=111°*
Model (3) (.36) (.001) (.036) (.10)  .303 Tr=—1.7% b, =182%
124 992 -.015 fu = —1.39*%
Model (2) (.07) (.006) (.10) 310 Ty = —1.2% P, =1.6%
1.002 -.002 7 =4.48e°
Model (1) (.0005) (10) 319 7= 25

*: Accept the null hypothesis at the 10% significance level.
o: Reject the null hypothesis at the 5% significance level.
e*: Reject the null hypothesis at the 1% significance level.

As shown in Table 3, both the Dickey-Fuller and the nonparametric tests
support the hypothesis that the evolution of Taiwan’s real industrial production
follows a random walk process.

From our empirical study, we may conclude that the evolution of output in
both Taiwan and the U. S. can be well described by the stochastic trend process, !4
(Hence, the fluctuations of Taiwan’s and U. S. real output variables should have
the nature attributed to this model.) It suggests that the trend component plays a
more important role than the cycle component in the fluctuations of real output in
those two countries. In the following, the structural model and ARIMA model are
used to test this nature.

4.2 Structural Model Test

A test of the structural model shown in equation (5) is performed by the use
of the Clark approach [8]. In this approach, the Kalman algorithm is used to
estimate the parumeters of ¢(B) and the standard deviations of ur, &, and n;. 15
The first step of the application of the Kalman filter algorithm is to construce
the joint distribution of parameters and dependent variables at time 7 given the

'* Ignoring the seasonal autocorrelations, only lag one sample autocorrelation is significant for
Taiwan’s first-difference logarithmic real GNP, The sample autocorrelations of the first-
difference of real output variables also provides an evidence to support the hypothesis that
the evolutions of Taiwan’s and U. S. real output follow the stochastic trend process.

Clark’s model assumes that the cycle component is generated by AR(2) process not general
ARMA process, that is 8(B) =1 in equation (5).

15
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informations available at time ¢ — 1. Under the assumptions of normality and
independence, the joint distribution of parameters and dependent variables can
be specified by the mean and covariance matrix.

Next, the distribution of parameters at time ¢ given information available at
time ¢ is constructed. This can be gotten by the conditional distribution from the
joint distribution of parameters and dependent variables. The joint distribution
of parameters and dependent variables and the conditional distribution of param-
eters together form a Kalman filter algorithm. With the help of the Kalman filter
algorithm, it is easy to build the log likelihood function of the observations. The
maximum likelihood method can then be used to estimate the conditional means
and variances of the stochastic parameters for any given values of the fixed param-
eters in the state space vector.

For the sample r = 1, ..., T, the starting values for the Kalman filter can be
constructed from the first n observations, the likelihood function forn + 1,..., T'is
then constructed by the one-step-ahead prediction error decomposition. In this
way, the means and variances of :[he dependent variables and the stochastic
parameters in any time period can be computed recursively, given information
available in the previous period and the fixed parameters of the model.

The choice of starting values for the Kalman filter does not have much
influence on the final results [24]. In fact there is an easy way to choose the
starting value for the Kalman filter by initiating the Kalman filter at ¢+ = 0 with
a diagonal covariance matrix in which the diagonal elements are large but finite
in number [16]. Clark’s model adopts this assumption.

The estimates of equation (5) for U. S. real GNP, Taiwan’s real GNP and real
industrial production from 1961:1 to 1987:4 are listed in Table 4.¢ In this table,
¢, and ¢, are AR(2) parameters of the cycle component, g5, 0,, and 0, are the
standard deviations of innovations of the drift, linear time trend component,
and cycle component respectively, 21n likelihood is a double of log likelihood
function.

Table 4 shows that for U. S. real GNP, the standard deviation of innovations
in the trend component (.039) is greater than the standard deviation »f innovations
in the cycle component (.013), this means that even for a single quarter (as well

as in the long run) the trend component plays a more important role than the

16 We are grateful to Peter K. Clark for use his programs.
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Table 4. Estimates of Structural Model

Variable (o} o O On g, 21n likelihood
The U. S.

Real GNP 1.03 —.038 000077 .039 013 569.7
Taiwan’s

Real GNP 1.47 —.767 00032 406 .000022 87.7
Taiwan’s

Real Industrial

Production 1.14 —.191 .0013 2838 018 1643

cycle component in the fluctuations of U. S. real GNP for the period from 1961 to
1987. This result supports Nelson and Plosser’s point of view that the U. S. output
fluctuations are mainly caused by the trend rather than the cycle component.!”
In the case of Taiwan, our estimation shows that the standard deviation of
innovations in the trend component of real GNP (.406) is far larger than the corre-
sponding standard deviation of innovations in the cycle component (.000022).
This indicates that the trend component plays a much more important role than
the cycle component in the fluctuations of Taiwan’s real GNP, 18
Because industrial production such as mining, manufacturing, utilities, and con-
structions are more cyclical than other productions in the economy, the standard
deviation of innovations in the cycle component theoretically should be larger in
the real industrial production than in the real GNP. This expectation is confirmed
by Taiwan’s experience. The standard deviation of innovations in the cycle com-
ponent for real industrial production (.018) is much larger than the value for real
GNP (.000022)."® But, the trend component also plays a more important role than
the cycle component in the fluctuations of Taiwan’s real industrial production,

although the difference of standard deviation of innovations in the trend com-

This outcome is different from Clark’s estimate for U. S, real GNP in the period from 1947:1
to 1985:4. His estimate shows that the standard deviation of innovations in the cycle com-
ponent is greater than the standard deviation of innovations in the trend component, this
implies that the cycle component plays a more important role than the trend component
in the fluctuations of U. S. real GNP, this confirms conventional point of view that output
fluctuations are caused mainly by the cycle component not the trend component.

We are surprised by the small value of standard deviation of innovations in the cycle com-
ponent in Taiwan’s real GNP. One possibility is that the data are smoothed excessively,
but we do not have any information to draw such an inference.

Clark also finds that the standard deviation of innovations in the cycle component is larger in
the industrial production than in the real GNP for U. S. data,

18
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ponent and the cycle component in Taiwan’s real industrial production is not as
large as in Taiwan’s real GNP,

It is notable that the estimated cycle components of U. S. real GNP and Tai-
wan’s real industrial production in Table 4 are very close to a random walk.
Therefore, they do not deserve to be called “cyclical.” In addition, the stationary
condition requires the roots of the characteristic equation of AR(2) to lie outside
the unit circle. We calculated that the roots of ¢, and ¢, in Table 4 for U. S. real
GNP are 26.2 and 1.01; for Taiwan’s real GNP, both are .89 for Taiwan’s real
industrial production are 4.92 and 1.06 respectively. The existence of roots on the
boundary of unit circle or less than unity indicates that the specification of this
structural model is not good. Thus the results of this model is just tentative and
referential. Further evidence is needed to confirm the relative importance of the

trend component and the cycle component on Taiwan’s and U. S. output

fluctuations.

4.3 ARMA Model Test

The above estimated structural model belongs to a restricted ARMA model.
In the following, a more general, unrestricted ARMA model is estimated to identify
the nature of output fluctuations in both Taiwan and the U. $.2° The model
makes use of the exact maximum likelihood method which the log likelihood
function of the model is built by the Kalman filter algorithm as a sum of con-
ditional log likelihood. We estimated twelve ARMA (p, q) models (where p = 0 to
3, g = 0 to 3) for the first-difference logarithmic of U. S. real GNP, Taiwan’s real
GNP and real industrial production, and calculated the implied impulse response
function for the level of these variables.?!

Ir. the case of U. S. real GNP, the 2In likelihood is within the range between
699.55 (ARMA(3, 2)) and 689.42 (ARMA(O, 1)), and all of the impulse responses
of the models show the effect of one unit of innovation on the output is greater
than one and persistent to 80 horizon periods (quarters), except the impulse re-
sponses of model ARMA (1,3), where the responses are less than one after 16 horizon

20 Campbell and Mankiw [S] use this approach to identify the nature of U. S. real GNP in the
period from 1947:1 to 1985:4.

2 We are grateful to John Y. Campbell and N. Gregory Mankiw for use of their programs. The
initial value of estimation is given by the estimates of RATS package.
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periods. The Akaike Criterion?? shows that AR(2) model is an appropriate parsi-
monious model to represent the generating mechanism of U.S. real GNP in the period
from 1961 to 1987. The estimates of this model are: ¢,=.229*% ¢,=.185* where ¢,
and ¢, are parameters of AR(2) (* indicates that the -statistic is significant at the
5% level). The Schwarz Criterion®3 shows that AR(1) model is an appropriate
parsimonious model to represent the generating mechanism of the U. S. real GNP
in the period from 1961 to 1987. The estimates of this model are: Oy = .281%*
where ¢, is a parameter of AR(1) (** indicates that the f-statistic is significant
at the 1% significance' level).

The output impulse responses of AR(2) model and AR(1) model to one unit
of innovation are listed in Table 5. The impulse responses of AR(2) model are
greater than one from the first quarter and settle at 1.71 from sixteen quarters,
remaining there even at eighty quarters. The impulse responses of AR(1) model
are greater than one from the first quarter and settle at 1.39 from four quarters,
remaining there even at eighty quarters. Both AR(2) and AR(1) models’ impulse
responses indicate that one unit of innovation causes more than one unit of
impulse response and has a persistent effect on the U. S. real GNP, Therefore,
the trend component plays a more important role than the cycle component in
the fluctuations of U. S. real GNP in the period from 1961 to 1987. The result
is consistent with Campbell and Mankiw’s emprical result [5].

Table 5: Impulse Responses of U. S. real GNP

Horizon (Quarter)
Mode] 1 2 4 8 16 20 40 80
AR(2) 1.23 1.47 1.63 1.70 1.71 1.71 1.71 1.71
(Akaike Criterion) (.10) (.14) (.23) (.30} (.31 (.31) (.31 (.31)
AR(1) 1.28 1.36 1.39 1.39 1.39 1.39 1.39 1.39
(Schwarz Criterion) (.09) (.15) (.18) (.18) (.18) (.18) (.18) (.18)

Note: The numbers in parentheses are standard errors of forecast.

*? The Akaike Criterion [1] is to choose a model which maximize 2In L — 2k, where In L is
log likelihood, k is the number of parameters.

23 The Schwarz Criterion [29] is to choose a model which maximize 2In L — kin T, there
In L is log likelihood, k is the number of parameters, 7 is the number of observations.
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In the twelve models of Taiwan’s real GNP, the 2In likelihood lie between
511.92 (ARMA(3, 3)) and 415.2 (ARMAC(I, 0)). Both the Akaike Criterion and
the Schwarz Criterion show that the ARMA(3, 3) is the most appropriate model to
represent the generating mechanism of Taiwan’s real GNP for the period from 1961
to 1987. The estimates of this model are: ¢, = —.962%* ¢, = —946** ¢, =
—.963%*, 0, = .748**, 0, = 551*%* 0, = 543** where ¢,, ¢,, and ¢, are para-
meters of AR(3), 6,, 6,, and 6, are parameters of MA(3) (** indicates that the
t-statistic is significant at the 1% level).

The impulse responses to one unit of innovation for this model is reported in
Table 0. According to the ¢-statistics, we find that the impulse responses of this
model increase from less than one to equal to one from four quarters and remain
there to eighty quarters.?® Although the impulse responses are not above one,
the effect of innovations on Taiwan’s real GNP is persistent. Therefore, the hy-
pothesis that the trend component plays a more important role than the cycle com-
ponent in the fluctuations of Taiwan’s real GNP can be accepted.

The 2In likelihood of Taiwan’s real industrial production ranges from 1447.47
(ARMA(2, 3)) to 318.50 (ARMA(I, 0)). Both the Akaike Criterion and the
Schwarz Criterion show that the ARMA(2, 3) is the most appropriate parsimonious
model to represent the generating mechanism of Taiwan’s real industrial production
in the period from 1961 to 1987. The estimates of this model are: ¢, = .546*%*,
¢, = .454*%*% g, = .09, 60, = —.827** 9, = —275%* where ¢, and ¢, are param-
eters of AR(2), 8,, 0,, and ¢; are parameters of MA(3) (** indicates that the
t-statistic is significant at the 1% level). The impulse responses of this model to
one unit of innovation is reported in Table 6. The table shows that one unit
of innovation produces greater than one unit of impulse responses from the first
quarter. and the impulse responses steadily increase to 1.96 at eighty quarters.
This indicates that the fluctuations of Taiwan’s real industrial production are
persistent rather than transitory.

The estimates of the above structural model and the unrestricted ARMA
models show that the nature of U. S. real output fluctuations is consistent with
.the stochastic trend model in the period 1961 to 1987. Also, we cannot reject
the hypothesis that the trend component plays a more important role than the

2% The ¢-statistics cannot reject the hypothesis that the impulse responses are equal to unity for
the horizons 4, 8, 16, 20, 40, and 80 at the 5% significance level.
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cycle component in Taiwan’s real output fluctuations.?

Table 6: Impulse Responses of Taiwan’s Real GNP and Real Industrial Production

Horizon (Quarter)
Model 1 2 4 8 16 20 40 80
ARMA (3, 3) 79 60 98 96 .93 91 84 76
(GNP) (.10) (1)  (02) (03) (06) (07) (11) (13)
ARMA (2, 3) 1.64 1.61 1.63 1.65 1.68 1.70 1.78 1.96
(Industrial Production) (.08)  (.09) (.09) (.10) (.12) (.14) (23) (42)

Note: The numbers in parentheses are standard errors of forecast.

5. Synchronization of Output Changes

This section deals with the synchronization of output fluctuations between
Taiwan and the U. S. First, the fluctuations of annual growth rate of real GNP
between Taiwan and the U. S. will be compared. Second, the OLS model and the
ARIMA model will be used to decompose the annual real GNP data (from 1951
to 1987) of Taiwan and the U. S. into the trend and the cycle components. This
is useful in helping us to understand the relationship of output fluctuations
between Taiwan and the U. S.

From Figure 1, we can see that there is a strong synchronization of annual
growth rate of real GNP (or growth cycle) between Taiwan and the U. S. Except
for the year immediately following the two oil crises (1973 and 1979), no serious
economic recession was found in Taiwan’s economy.

In order to further compare the pattern of business cycle between Taiwan and
the U. S., the traditional linear ordinary least square is used to decompose
Taiwan’s and U. S. real GNP data into the trend and the cycle components through
trend analysis. Those shown in equations (12) and (13) are the results of this
analysis for Taiwan and the U. S. respectively.

Y, = 11.7 +.086T,
(686.4) (110.7) (12)

25 We ever calculated Cochrane’s limiting variance ratio [9] by the sample autocorrelation of
first-difference log real output variables to the 80 lagged periods. We find that all of variance
ratio approach zero for U. S. real GNP, Taiwan’s real GNP and real industrial production.
This indicates that output fluctuations are temporary not permanent for these three variables.
The U. S. result is consistent with Cochrane’s empirical study for U. S. real per capita GNP
in the period from 1869 to 1986.
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R? =997, DW= 31,

X;= 85 + .37 T-.00027%,
(493.7) (17.7) 3.5) (13)
R?*=.99, DW= 52,

where Y; is Taiwan’s annual log real GNP, X; is the U. S. annual log real GNP,
T is the linear time trend, 72 is the square of the linear time trend, R? is the
coefficicnt of determination, DW is the Durbin-Watson statistic, and the numbers
in parentheses are ¢-statistics.

The fitted values of equations (12) and (13) are the trend component of real
GNP, the residuals of equations (12) and (13) are the cycle component of real
GNP. For a cross-country comparison of output fluctuations, the cycle component
in divided by the trend component to get the relative deviation of real GNP. The
relative deviations derived by the OLS model for Taiwan’s and U. S. real GNP are
shown in Figure 2.

Beveridge and Nelson [2] present a new approach to decompose economic
time seres into the trend and the cycle components. Suppose Y, is a stochastic
trend series which is stationary in first difference, then y; = Y, — Y;_, can be
represented by an ARMA process. The Wold decomposition theorem states that
any stationary stochastic variable, y;, can be expressed by a moving average
process, possibly of infinite order. That is

viEsutethe ot o, (14)
where u is the deterministic long-run mean of the v series, the A; are constant,
and the €’s are uncorrelated random innovations with mean zero and variance o2.

Equation (14) implies that ys+k, k > 1, can be forecasted by the €;_i, 1=0,...,
oo, That is

Jrlky=put+tdo et €1 T, (15)
where v;(k) is the forecasted yi+k- s

The conditional expectation of Ysp, # = 1, given knowledge of all Y’s up to

time ¢ is the sum of Y, and the forecasted ¥,(k), k=1 to . Thatis

— 647 —



The Journal of National Chengchi University Vol. 61, 1990
EXpn 1I)= Y+ 3 (1) + - + 34 (h), (16)

where /; is the information set of all Y’s up to time .
Substitute equation (15) into equation (16), the conditional expectation of
Y.y can.be expressed as the sum of Y, and the innovation of €;_; Mathe-

matically, it can be expressed as
E(Y[.,.h i][)zhﬂ+Yt+00€t+61€[_1+”'. (17)

The trend component of Y; is called the “permanent component” of Yy,
According to Friedman’s permanent income theory [12], the unobserved
permanent income can be measured in terms of past observed income. Muth [20]
shows that the exponentially weighted moving average is an appropriate measure
of permanent income if the permanent income follows a random walk process
and the transitory income is independently distributed and independent of
innovations in permanent income. Supppose the trend component follows a
random walk with drift process, then the trend component is the conditional
expectation of the series adjusted for its mean rate of change, hence the trend

component of Yy, f’t, is
Ye=Y, +0pe, +0,€; ¢ + (18)
The cycle component of Yy, (%, is
C[=)}r~—Y[=806[+01€[_1+"'_ (19)
Beveridge and Nelson suggest a two-step procedure for measuring the cycle

component:

(1) Specify and estimate an ARMA model for the first differences of the non-
stationary series of interest.

(2) Evaluate the cycle component using a practical equivalent of equation (19).

We can rewrite equation (14) as

Yr—MT€ tN € o (20)
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In empirical analysis, equation (20) is equivalent to equation (19). Hence,
we can specify a moving average model for the first difference of real GNP, y;, and
approximate the cycle component of real GNP by subtracting the deterministic
term, u, from the fitted y;.

According to this ARIMA model decomposition approach, we fit first dif-
ference of U. S. real GNP by a MA(9) model

yr= .03 +(1 - .34 B9)uyt
(9.9) (1.8) (21)
DW=1.9,0(17)=5.9,

where B is backshift operator, #y ; is uncorrelated random innovation with mean
zero and variance ¢2.
The first difference of Taiwan’s real GNP is fitted by a MA(4) model

ye=..088 +(1+ .74 B~ 30 B*)u,,
(12.9) 6.0)  (2:1) (22)
DW=12.0, Q(16)=11.3,

The t-statistics and Q-statistics both show that equations (21) and (22) are
well specified. The cycle component of U. S. real GNP is calculated by subtracting
the fitted value of equation (21) from the deterministic term (=.03). The cycle
component of Taiwan’s real GNP is calculated by subtracting the fitted value of
equation (22) from the deterministic term (=.088). The relative deviations derived
by the ARIMA model for Taiwan’s and U. S. real GNP are shown in Figure 3.

The numerical values of the growth cycles, the relative deviation derived by the
OLS model, and the relative deviation derived by the ARIMA model for Taiwan’s
and U. S. real GNP are listed in Table 7 and 8 respectively. From those tables
we find that the cycle components derived by the ARIMA model are much smaller
than the cycle components derived by the OLS model (except 1986 and 1987 for
Taiwan, and 1984 to 1987 for the U. S.).® This finding is consistent with the

26 From equation (21), we know that the fitted first difference of U. S. real GNP is: p, =
03 tuyy — 34uy;g, hence the cycle component of U. S. real GNP is: P, — .03 = uy, —
.34uy;_g. From equation (22), we know that the fitted first difference of Taiwan’s real
GNP is: 3 = .088 +uy T4uy ;1 — 3up 4 hence the cycle component of Taiwan’s
real GNP is: §; — 088 =y +.74uy s 1 — 3y ;4. From 1983 onward, Taiwan’s and U. S.
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theoretical implication that in the stochastic trend model, the trend component
plays a more important role than the cycle component in the output fluctuations.

The business cycles relationship in terms of change in real GNP can be estimated
by either OLS or ARIMA approach. The output cycles of Taiwan’s and U. S. real
GNP derived by the OLS model are shown graphically in Figure 2; derived by
the ARIMA model are shown graphically in Figure 3. The comparison of the
output cycles derived by the OLS with by the ARIMA model (or comparing the
output cycles derived from the deterministic trend model with the stochastic trend
model) are shown graphically in Figure 4 and 5 for Taiwan’s and U. S. real GNP
respectively.

Although the output cycles are derived by the different approaches, Figure 2
and 3 show that the two countries’ derived olutput cycles show a clear similar-
ity. Both Figure 4 and 5 show that the output cycles derived by the OLS model
have larger magnitude but lower frequency, the output cycles derived by the
ARIMA model have smaller magnitude but higher frequency.

Is Figure 2 or Figure 3 more appropriate to represent the output cycles
relationship between Taiwan and the U. S.? By comparing Figure 6 with Figure
7, we can see that the relative deviation of Taiwan’s real GNP derived by the
ARIMA model looks more consistent with the fluctuations of growth rate than
that derived by the OLS model. In addition, by the Dickey-Fuller test, the
hypothesis that Taiwan’s annual real GNP follows a stochastic trend process can
be accepted at the 10% significance level.?” Therefore, from the theoretical point
of view, the relative deviation derived by the ARIMA model seems to be more
appropriate than the relative deviation derived by the OLS model in representing
Taiwan’s output cycles.

For the U. S., comparing the relative deviations derived by the OLS model
and the ARIMA model with growth cycles (Figure 8 and 9), cannot determine

economies are in a situation of more stable and prosperous than before 1983, this implies
that economic innovations after 1983 are smaller than economic innovations before 1983,
That is after 1983, in equation (21) uy; will much smaller than Uyr_9; in equation (22)
u t and u -1 will much smaller than u t—4 This may explain why the relative deviations
derived by the ARIMA model for Taiwan’s and U. S. real GNP become bigger (in absolute
value, 'n recent years.

We test the evolution of Taiwan annual logarithmic real GNP from 1952 to 1987 by the
Dickey-Fuller test. The results are (all the symbols are the same as Table 1 to 3y 7, =
—167* 7, = —.53% 7= 1774, &3 = 1.36%, &, = 1.45%, P, = 78*, where * means that the
nall hypothesis of the stochastic trend model is accepted at the 10% significance level,

27
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immediately which is the more appropriate one to represent the U. S. output
cycles. But, with the Dickey-Fuller test, we have accepted the hypothesis that the
U. S. annual real GNP follows a random walk process.?® Therefore, the relative
deViation derived by the ARIMA model should be used to represent the U. S.
output cycles.?’

Since the hypothesis that the evolutions of Taiwan’s and U. S. annual real GNP
follow a stochastic trend process cannot be rejected, the relative deviations derived
by the ARIMA model are hence more appropriate than the relative deviations
derived by the conventional OLS model to represent both countries’ output cycles.
Theretore, Figure 3 rather than Figure 2 should be used to represent the output
cycles relationship between Taiwan and the U. S. in the period from 1952 to 1987.

6. Conclusion

The conventional proposition is that the output evolution follows a deter-
ministic trend process. In contrast, Nelson and Plosser consider that the output
evolution is a stochastic trend process. In this paper, we use Dickey and Fuller’s 7
and likelihood ratio tests, and Phillips and Perron’s nonparametric test to test
the three different unit root models for the output evolutions in Taiwan and the
U. S. Our finding confirms that in so far as Taiwan and the U. S. are concerned,
the hypothesis that the evolution of output follows a stochastic trend process
cannot be rejected.

Through the testing of the structural model and the ARIMA model, we also
found that the trend component plays a more important role than the cycle
component in the U. S. output fluctuations. This is consistent with the nature
of output fluctuations attributed to the stochastic trend model. Also, we cannot
reject the hypothsis that the trend component plays a more important role than
the cycle component in Taiwan’s output fluctuations.

28 We test the evolution of U. S. annual logarithmic real GNP from 1952 to 1987 by the Dickey-
Fuller test. The results are (all the symbols are the same as Table 1 to 3): 7, = —1.8%,
Tu = —-50%, 7=75,%; =188*% &, =1.51*% &, = .35, where * means that the null hypothesis
of the stochastic trend model is accepted at the 10% significance level.

29 Beveridge and Nelson [2] use the ARIMA model to derive business cycles of the postwar
U. S. economy, they find that by the new approach, the dating of cyclical episodes tends to

lead the traditional NBER dating.
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Finally, both the OLS and the ARIMA models are used to derive the output
cycles of Taiwan and the U. S. We find that the output cycles derived by the OLS
model have larger magnitudes but lower frequencies than the output cycles derived
by the ARIMA model.

Although the visual observation cannot determine immediately whether the
relative deviations derived by the OLS model or the ARIMA model is more
appropriate one to represent both countries’ output cycles. But, referring to
the theoretical background, the relative deviations derived by the new ARIMA
approach rather than by the conventional OLS approach should be used to
represent the output cycles relationship between Taiwan and the U. S. in the
period from 1952 to 1987.
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Table 7 Fluctuations of Taiwan’s real GNP (Unit: Proportion)

Period Growth Relative Deviation ‘Relative Deviation
Rate Derived by the OLS Model Derived by the ARIMA Model
1952 .1205 .0042 -
1953 .0932 .0044 —
1954 .0957 .0048 —
1955 .0809 .0041 —
1956 .0550 .0014 —.0020
1957 0729 .00005 © —.0002 !
1958 0657 —.0018 —-.0013 i
1959 .0774 —.0027 0001
1960 .0646 —.0046 —.0006
1961 .0683 —.0062 —.0007
1962 .0785 -.0070 —.0006
1963 .0937 —.0067 .0001
1964 .1230 -.0043 .0005
1965 1102 -.0029 0016
1966 .0900 —-.0029 —.0001
1967 .1056 —.0018 —-.00004
1968 .0907 —.0017 .0002
1969 .0900 -.0017 —.0001
1670 1127 —.0002 .00000009
1671 .1289 .0024 .0007
1672 .1331 0053 .0014
1673 1282 0077 0010
16974 0112 .0022 .0006
1075 .0427 —.0010 —.0050
1976 .1349 .0019 .0009
1977 .1005 0025 .0010
1478 .1390 .0056 0015
1979 .0846 .0053 .0006
1980 .0713 .0040 -.0013
1081 0571 .0018 .0001
1982 .0330 —.0019 —.0022
1083 .0788 —.0026 —.0009
1984 .1052 —-.0017 .00005
1985 .0508 —.0042 .0013
1986 1164 —.0025 —.0024
1987 .1104 —.0013 —.0027

Note: — is the period allowed for the lagged of MA.
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Table 8: Fluctuations of U. S. real GNP (Unit: Proportion)

Period Growth Relative Deviation Relative Deviation
Rate Derived by the OLS Model Derived by the ARIMA Model

1952 390 .0046 —

1953 .0400 0049 -

1954 —.0133 —.0008 -

1955 .0556 .0014 —

1956 .0206 —.0003 —

1957 .0167 —.0024 —

1958 —-.0077 -.0071 —

1959 .0584 -.0045 —

1960 .0222 —.0058 —

1961 .0261 —.0066 —.0003
1962 .0531 —-.0045 —.0004
1963 .0411 —.0036 0017
1964 .0534 —-.0014 ~.0009
1965 0579 .0014 .0004
1966 .0579 .0041 .0005
1967 .0285 0038 .0014
1968 0415 0049 -.0010
1969 .0244 .0042 .0003
1970 —.0029 .0006 .0001
1971 0284 .0004 --.0009
1972 .0498 .0025 .0002
1973 .0519 .0049 —.0011
1974 —.0054 .0012 —.0008
1975 —.0126 —.0031 -.0008
1976 .0489 —.0010 .0005
1977 0467 0010 -.0007
1978 .0529 .0036 .0003
1979 .0248 .0034 .0012
1980 —.0016 .0004 —.0002
1981 .0193 —.0003 -.0006
1982 -.0255 —.0057 —.0011
1983 0357 —.0046 .0010
1984 0643 —.0007 .0013
1985 .0273 —.0004 —.0004
1986 .0250 —.0003 —.0008
1987 .0440 .0017 —.0035

Note: — is the period allowed for the lagged of MA.
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Figure 1: Synchronization of Growth Cycles of
Real GNP between Taiwan and the U. S.
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Note: GRY is the growth cycle of Taiwan's real GNP.
GRYUS is the growth cycle of US. real GNP.
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Figure 2: Relative Deviations of Taiwan’s and the U. S,
Real GNP Derived by the OLS Model
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Note: RDY is the relative deviation of Taiwan's real GNP.
RDYUS is the relative deviation of U.S. real GNP,
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Figure 3: Relative Deviations of Taiwan’s and the U. S.
Real GNP Derived by the ARIMA Model
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Note: RDY is the relative deviation of Taiwan's real GNP.
RDYUS is the relative deviation of U.S.real GNP.
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Figure 4: Relative Deviations of Taiwan’s Real GNP Derived
by the OLS Model and the ARIMA Model
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Note: RDYO is the relative deviation derived by the OLS model.
RDYA is the relative deviation derived by the ARIMA model.
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Figure 5: Relative Deviations of U. S. Real GNP Derived
by the OLS Model and the ARIMA Model
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Note: RDYO is the relative deviation derived by the OLS mode!.
RDYA is the relative deviation derived by the ARIMA modei.
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Figure 6: Growth Cycle and Relative Deviation Derived
by the OLS Model of Taiwan’s Real GNP
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Note: The solid line is the growth cycle.

The dashed line is the relative deviation derived by the OLS model.
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Figure 7: Growth Cycle and Relative Deviation Derived
by the ARIMA Mode! of Taiwan’s Real GNP
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Note: The solid line is the growth cycile.
The dashed line is the relative deviation derived by the ARIMA model.
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Figure 8: Growth Cycle and Relative Deviation Derived
by the OLS Model of U. S. Real GNP
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Note: The solid line is the growth cycle.
The dashed line is the relative deviation derived by the OLS model.
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Figure 9: Growth Cycle and Relative Deviation Derived
by the ARIMA Model of U. S. Real GNP
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Note: The solid line is the growth cycle.
The dashed line is the relative deviation derived by the ARIMA modei.
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