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Abstract This paper analyses the feasibility of a monetary union in East Asia. Considering the critical
role of trade integration in the East Asian integration process, we study whether East Asian countries
are characterized by business cycle synchronization. Empirical literature dedicated to business cycles
synchronization in East Asia does not lead to firm conclusion. In this paper, we suggest a different empirical
approach allowing, contrary to the previous studies, to detect endogenously structural changes in the
comovement process between outputs. We apply a new measure based on the time varying coherence
function. Such a measure not only detects comovement dynamics but it distinguishes also this dynamics
between short- and long-run frequencies, also with it we can compute cohesion statistics to test if countries
tend to be more synchronized or not. The main finding of this paper is that the increase in bilateral trade
inside the East Asian region significantly improves long-run business cyele synchronization. The short-run
influence of bilateral trade shows mixed results. Indeed, short-run cycles remain significantly influenced
both by shocks hitting each country and by economic policies responses. As a consequence, more bilateral
trade and convergence in economic policies constitute two complementary processes to promote business
cycle synchronization.
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1 Introduction

Integration process in East Asia is based on two main phases. During the first, the main driver of integration
has been the so-called global production sharing. Indeed, the dramatic increase of international trade under
the form of trade in infermediate inputs led to the constitution of an intense trade network between East
Asian countries. The striking characteristic of this first phase is the lack of an institutional framework to
promote integration. The Asian financial crisis in 1997-98 radically changes this situation. Monetary and
financial cooperation within the East Asian region has been seen as the mean to protect countries against
international turbulences. As stressed by Rana (2007), this second phase in the integration process rests
on a formal institutional framework?.

In this paper, considering the critical role of trade integration in the integration process, we study
whether East Asian countries are characterized by business cycle synchronization. Monetary union implies
the relinguishing of independent counter-cyclical monetary policy to stabilize cyelical fluctuations. The
lower the business cycles synchronization between countries forming a monetary union, the higher the costs
of this union. Frankel and Rose (1998) consider an endogenous approach of optimum currency area in which
currency union affects the nature of domestic business cyc}.esz. Currency union increases trade intensity
that, in turn, leads to a rise in output correlation and, thus, to an increase in business cycle synchronization.
The new economic geography stresses that trade integration may increase countries specialization leading
to lower business cycles synchronization. Empirical studies dedicated to industrialized countries show that
trade intensity increases the business cycle co-movement among them (Clark and van Wincoop, 2001). For
emerging and developing countries, results are mixed (Caldern et al., 2007). Differences in the patterns of
specialization and bilateral trade are the main explanation of this result. While trade among industrialized
countries is based on intra-industry trade, in developing countries, inter-industry trade prevails. As a
consequence, the relationship between trade intensity and correlation of business cyecles is positive in the
former case, negative in the latter.

Are Asian countries similar to other emerging and developing countries where regional integration
tends to promote inter-industry trade? In order to assess the synchronization of business cycles in the
area, different methodologies have been applied in the literature. A first strand uses correlation analysis to
determine to what extent trade integration in East Asia has led to more business eyeles synchronization
(Croshy, 2003; Shin and Wang, 2003; Rana, 2007). Correlation analysis gets mixed results in the sense that
there is no clear evidence that co-movements of GDP have increased. A second strand of literature applies
the cointegration and common feature approaches (Sato and Zhang, 2005 and 2006; Sato et al., 2007).
Cointegration allows to check whether there exists long-run co-movement of real output variables among
the East Asian economies while the common cyclical feature analysis examines the short- and leng-run
dynamics of real output. These approaches find that some countries share both the long- and short-run
synchronous movements of the real outputs, A third group of literature includes different empirical methods
to decompose cycles into specific and common components. Using panel data econometries, Loayza ef al.
(2001) build an error components model to distinguish between country-specific factors and common
factors. For the period 1970-1994, they find that both for long run trends and short run fluctuations,
sector-specific effects which are country-independent predominate in East Asia. Chow and Kim (2003)
build VAR models to show to what extent country-specific, regional or world shocks most significantly
affect output fuctuations in East Asia. Their main finding is the weak importance of regional shocks

1 The main initiatives are the implementation of cooperation devises between East Asian countries such as the
ASEAN Surveillance Process in October 1998 and the Economic Review and Policy Dialogue in May 2000. The
Chiang Mai Initiative { May 2000) has established a regional financial arrangement under the form of bilateral swaps.
The ERPD and the CMI include ASEAN countries (the members of the Association of Southeast Asian Nations
are Brunei Darussalam, Cambodia, Indonesia, Lao People’s Democratic Republic, Malaysia, Myanmar, Philippines,
Singapore, Thailand, and Viet Nam), China, Japan, and Korea (the so-called ASEAN43).

2 The basic idea of this approach is that “a country is more likely to satisfy the criteria for entry into a currency
union ex post than ex ante” (Frankel and Rose, 1998: 1024).



in East Asia relative to the country specific ones suggesting that a currency union would be costly. Lee
et al. (2003), Moneta and Riiffer (2006), and Lee and Azali (2006) propose dynamic unobserved factor
models to decompose output in world common, regional common and country specific components. Results
are mixed: Lee et al. and Moneta and Riffer find that the degree of business cycles synchronization has
increased since 1990; Lee and Azali get opposite results in the sense that country-specific shocks remain
the main driver of output fluctuations.

Owverall, the empirical literature dedicated to business cycles synchronization in East Asia does not
lead to firm conclusion. In this paper, we suggest a different empirical approach allowing, contrary to the
previous studies, to detect endogenously structural changes in the co-movement process between outputs,
We apply a new measure based on the time varying coherence function®. Such a measure not only detects
comovement dynamics for different cyeles, but also it tests if countries fend to be more synchronized or
not. A high or an increasing level of comovement in long term cyele constitutes a solid argument in favor
of the feasibility of a monetary union. Our methodology outperforms existing literature on three points.
Firstly, we decompose output in short and long cycle components. Secondly, we estimate the dynamic
of the synchronization process in the East Asian region. Thirdly, the measure of countries integration is
based on the whole Asian region and not on a particular country as a proxy. Our study extends also the
related literature by using a much longer sample period spanning from 197501 to 200701 te study ten
Asian economies.

Our main findings are threefold. First, we show that the increase in the degree of synchronization in
East Asian differs according to the business cycle frequencies. Indeed, we observe a significant increase
for long-run (e.g. Juglar cycle) eyele while short-run eyeles remain significantly influenced both by shocks
hitting each country and by economic policies responses. Second, contrary to many studies, we find that
China and Japan share common movements with the rest of Asian countries. These two countries could
participate to a monetary union. Third, if the increase in bilateral trade inside the Hast Asian region
significantly improves synchronization, it is important to stress that regional integration remains driven
by external factor. Overall, these findings are favorable to the adoption of a monetary union in East Asia.

The remainder of this paper is organized as follows. Section 2 explains the methodology adopted in
this paper. Section 3 and 4 analyse the main empirical results. Section 5 concludes.

2 Empirical Methodology
2.1 Overview of the method

Two methads allow analysing time series: the spectral approach (frequency approach) on the one hand,
and the time approach (dynamic approach) on the other hand. The advantage of the spectral approach
rests on the fact that -contrary to the time approach- an upstream treatment, based on the verification of
the stationarity of series, is not required to identify periodicity within the series. Frequency domain defines
correlation between two components in frequency as coherence interpreted as the squared linear correlation
coefficient for each frequency of the spectra of two series. If time approach gives the instantaneous coherent
peaks between two series and describes their patterns over time, its main drawback is that 1t does not assess
whether coherence increases or not between the cycles of countries. On this point, the main advantage of
the use of frequency approach is to detect changes in svnchronization process at different frequencies. With
this addifional information, we can know which cyeles are more synchronized than other. It's a critical
point to know to what extent countries are suitable to form a monetary union.

As stressed by Hallett and Richter (2006: 232), the frequency domain approach improves previous anal-
ysis in six points. First, it does not depend on any particular detrending technique. Second, as frequency
approach identifies both short- and long-run changes, their respective importance relative to business
cyele frequencies (short vs long cycles) remains clear. Third, coherence measure generalizes on simple
correlation. Fourth, convergence or divergence periods are detected endogenously. In addition, frequency
approach specifies if convergence or divergence belong to short- or long-term cycles. Fifth, this approach

3 See Essaadi and Boutahar (2008) for a technical analysis.



is relevant for both stationary and non stationary cases. Finally, the frequency domain performs our time-
varving analysis at different frequencies simultaneously. Indeed, we obtain the short, medium and long-run
behaviors of the generating process of the co-movement series.

Essaadi and Boutahar (2008) introduce a new method to estimate Time Varying Coherence Functions
(thereafter TVCF) for economies series®. This method offers a more illuminating interpretation of coher-
ence and develops a well-suited procedure to estimate the time-varying coherence of non-stationary time
series. The choice of the TVCF analysis for the dynamic of synchronization process is motivated by the
presence of crisis and their important impact in the East Asian economies (Asian crisis of 1997, the ICT
bubble 2000-2001).

Our goal is to pinpoint dates of changes in co-movements between two series in two dimensions: time
and frequency. In time domain, dynamic correlation can give us some responses to this issue, but the
choice of window can affect seriously the dynamic correlation pattern (Essaadi et al., 2009). To overcome
this limit we propose a TVCF as a measure of co-movement variability by the frequency approach. Time
varving coherence function estimates not only a degree of co-movement over time but also their behavior
in each frequency. Such methodology is eritical if we consider the specificity of the integration process
in East Asia. Relative to the European experience, regional integration in East Asia has occurred in a
shorter period, and is more market-driven. Stimulated by the expansion of bilateral trade, integration
in Asla seems to follow a faster trajectory relatively to other regional integration experiences. For this
reason, employing the same empirical methodology as European case -such as VAR approach- seems to
be inappropriate. We need a measurement of synchronization that take in evidence the nonlinearity of the
integration process. The TVCEF not only answers to this requirement, but improves our study with the
short- and long-run characteristics of this integration.

2.2 The Cohesion in East Asia

To better measure integration in Asia, a measure of business cycle synchronization is calculated. We extend
the Croux et al. (2001)'s measure by including the time dimension of this measure and by allowing it to be
appropriate for co-nonstationary process. The measure is defined in the frequency domain. Let us consider
a vector of n > 2 variables X¢ = (X1¢,..., Xt ); and attach to them a nonnormalized positive weights
B = (1t, ..., Bnt). This weighted average will be called cohesion for the group X noted Cohx and defined
as follows:

Y Bi(t)B;(t)TV CFx,x, (w, )

iZj
> Bi(t)B;(t)
iZ

Cohy (w,t) =

(1)

Cohy (w,t) measures the degree of the synchronization of countries X with the region at time ¢, the
frequency w gives the type of cycle. For example, when w = 7/20, we estimate the variability of the
synchronization between the Juglar cycle (40 quarters) of countries X with the East Asian region.

In order to estimate cohesion for each East Asian country relative to the whole region, heterogeneity
across countries must be considered. But the economic significance of synchronization between countries
depends on their respective influence in the region. We approximate this importance by bilateral trade.
More precisely, cohesion in equation {4) is estimated for each country by weighting it with its bilateral
trade in order to take into account the fact that some countries represent a higher share of bilateral trade
in the region than others. As a result, in our estimates, China and Japan have a greater weight than
Thailand and Indonesia. For instance, by estimating the cohesion of South Korea, we give higher weights
to the formers countries than to the latters. The choice of the hilateral trade as a proxy of economic
significance of a country is motivated by the fact that GDP could lead to an underestimation of the role
of Hong-Kong in the region.

Clearly, C'ohyxy < 1and Cohy (w,t) = 1 if and only if all of the cycles in the group X co-move perfectly
in the frequency w at time f. So the equation will be defined as follow:

4 See Mathematical Appendix A for technical details.
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where 3;;(t) is the export of the country i to the country j at the period of . We estimate cohesion to
explore the dynamic properties of eyclical component of the coherence series. This statistics will provide
a measure of persistence of co-movement in the region. We also investigate whether the Asian financial
crisis has had any impact on the degree of business eycle convergence by testing break dates endogencusly
through Bal and Perron test.

2.3 Time Varying Cohesion test

Some techniques have been developed to test multiple structural breaks. We adopt Bai and Perron (1998,
2001) tests to detect a mean-shift in Time Varying Cohesion (TVCoh). Using GAUSS software, we obtain
estimates by running the Bai and Perron's codes. The choice of this type of model is motivated by the
TWVCoh characteristics. Indeed, the analysis of the graphical patterns of these statistics (see Appendix D)
shows that it is affected only by breaks in mean. Using Bai and Perron test (1998) allows us to determine
endogenously break dates when the change in coherence between series is significant. We are interested in
break point in the coherence between two economies. Break point is defined as changes in the mnderlying
relationship of the two economies that occur as a response to an exogenous event or a change in economic
policy.

2.3.1 The model and estimators

We consider the following mean-shift model with m breaks, (T4,...,Tw):

TV Cohuy s = p1+us, t=1,..7Th,
TVCohy,;+ = pa+u, t=T1+1,..,Ts,

TVC"ohwj 4= mtl +uz, t=Tm+1,...T. (3)

fori=1,2,...,m+1, Ty =0and T,,,; 1 =T, where T is the sample size. TVC—'ohwj..,e is the time varying
coherence function in the neighbourhood of the w; frequency. y; are the means, and w; is the disturbance at
time t. The break points (11, ..., T}, ) are explicitly treated as unknown. Based on the ordinary least-squares
(OLS) principle Bai and Perron (1998) estimate the vector of the regressors coefficients p; (1 < j < m+1)
by minimising the sum of squared residuals Z::’l_l Ein_l 11TV Cohuy,t —pi )2. Let Tmhwj_f ({Tj })
denote the resulting estimate. Substituting it in the objective function and denoting the resulting sum of

squared residuals as S (T1,..., T ), the estimated break dates (T] i 'f'm) are such that
(Tl,...,Tm) =arg min  Sp(Th,...,Tm). (4)
(T
where the minimization is taken over all partitions (T4,...,Ty,) such that T, — T;_1 > O, |, where O

takes some value.”

5 From Bai and Perron {2003b), O is an arbitrary value correspond to the minimum distance, greater than g and
not depending on T



2.3.2 The test statistic and the model selection criteria

This test locates multiple breaks without imposing any prior expectations on the data. The procedure
estimates unknown regression coefficients together with the break points when T' quarters are available. In
order to determine the number of break points, we use Bayesian Information Criterion (BIC) as suggested
by Yao (1988) and defined as follows:

BIC(m) = (T718p(Ty, .., Ton)) + p* T Lin(T), (5)

where p* = 2m + 1 is the mumber of unknown parameters. The author demonstrates that, for normal
sequence of random variables with shifts in mean, the number of breaks can be consistently estimated.

Bai and Perron (1998) introduces some asymptotic critical values for the arbitrary small positive
number (£) and the maximum possible number of breaks (M): (¢ = 0.10, M = 8), (¢ = 0.15, M = 5),
(¢=0.20, M = 3) and (¢ =0.25, M = 2). For our empirical computation, we choose (¢ = 0.15, M =5)
and we use Bai and Perron (1998, 2001) algorithm to obtain global minimisers of the squared residuals.

3 Empirical Results
3.1 The Data

This section focuses on the synchronization nonlinearity. We choose real GDP quarterly frequency in order
to disentangle more clearly common shocks from spill-over effects as source of synchronization. From an
economic standpoint, detrending with non-parametric filters such as the Hodrick-Prescott (HP) filter is
more appropriate to proxy business cycle than growth rate. We use the conventional HP filter with the
lambda(A) value of 1600 for quarterly frequency data.

Our sample includes ten Asian countries (Japan, China, Singapore, Hong Kong, Taiwan, South Korea,
Thailand, Malaysia, Indonesia and the Philippines)6 spanning the period 1975:Q1 - 2007:Q)1. All data have
been seasonally adjusted using the X12ARIMA method. The main source of real GDP is the websites of the
statistic authorities in the respective economies and the NUS ESU databank. Note that for the evolutionary
spectral estimation necessity, we loose ten observations at the beginning and ten at the end. So we apply
the different tests to T-20 (yielding 167 observations). Synchronization nonlinearity is inspected for the
following frequencies: /20, 47/20, 7w /20, 107 /20, 137/20, 167/20 and 197/20 (see Appendix D).

3.2 Results

In order to analyze the influence of bilateral trade on business cycle synchronization, three frequencies are
considered: the Juglar fixed investment cycle (55, 10 years), the Kitchin inventory cycle (£, 2.5 years), and
a shorter cycle (%, 1 year). The first frequency refers to long-run dynamies of business cycle synchronization
while the two others stress short-run characteristics of synchronization.

The stability of the business cycle is studied for each frequency by taking into account two indicators.
The first is the graphical pattern of the evolutionary spectral analysis of the filtered GDP for each East-
Asian country included in our sample. The second is an extension of the Ahamada and Boutahar (2002)'s
approach to test the presence of break point endogenously. For each indicator, after a country-by-country
analysis, we estimate cohesion statistic at a regional level in order to determine the position of each
country relatively to the regional business cyele. Indeed, founded on coherence analysis, cohesion allows
us to depict the degree of synchronicity of each country with the rest of the region. The time varving
characteristic of coherence and the dynamic of bilateral trade give us the possibility to check variability of
this synchronicity. Loosely speaking, we test if business cycle synchronization improves or not as bilateral
trade in the region increases sharply.

Graphical patterns of evolutionary spectral analysis of the East Asian business cycle (See Appendix
B) exhibit three main findings: firstly, the dynamic change in East Asian business cycle, secondly, the

6 Recall that Indonesia, Malaysia, the Philippines, Thailand and Singapore are members of the ASEAN.



existence of sub-groups in each business cycles frequency, and, lastly, the convergence of all business cycles
after the East Asian crisis.

Graphical pattern for the Juglar cyele shows two sub-groups after 198902 (See Appendix B, Figure 1).
The first includes Hong Kong, Singapore, Taiwan, the Philippines and Japan. As suggested by its TVCF
level -displaying a continuous high degree of correlation- this group has the most stable business cycle
pattern. Similarities in economic structures based on high technologies and external trade can explain
such a characteristic. China has joined this group after 1994Q)2 (See Appendix C) in the aftermath of
Yuan devaluation (January 1994). The second group comprises Indonesia, Thailand, South Korea, and
Malaysia. It displays an instable pattern of business cycle with a common turmoil point at 19990Q2 (See
Appendix ). Graphical pattern (see Appendix B, Figure 1) shows that after this date, this group tends
to converge to the correlation degree of the first set of countries. The convergence is achieved at the end
of 2000. This convergence explains the low level of cohesion before 20000)3 and its increase after this date.

Time varyving cohesion for the Juglar cycle confirms our initial finding. Indeed, two sub-groups are
clearly distinguished. In the first group, we observe a substantial increase in their cohesion degree after
2000003, Interestingly, time varying cohesion test suggests that South KKorea belongs to this first group. The
countries in the second group appear less integrated with the rest of the region, but even the least integrated
countries, e.g. Indonesia and Thailand, have cohesion level (0.476 and 0.475 respectively) sufficiently high
to form a monefary union with other couniries. For the majority of our countries, cohesion levels decreased
after the Asian crisis in 1997-98, The lack of previous regional structures or institutions dedicated to the
promotion of economic policy coordination inside the region may explain this result. Indeed, as stressed,
for instance by Rana (2007), Asian crisis has been the main trigger of the regional cooperation process, but
the immediate response to the crisis has been largely country-specific. This response explains the business
cyele de-synchronization during a short period. The higher level of cohesion for the long cycle especially
after 2000003 is a significant argument for the feasibility of a monetary union in East Asian region. As
table 1 (see Appendix E} shows, synchronization in Juglar cycle in the 80's was already high. During this
period such synchronization was not driven by an intensive regional trade, but it was explained mainly by
the similarity in the economic structure(export oriented production).

Kitchin cycle (see Appendix B, Figure 2) exhibits a similar pattern than for Juglar cycle. After 1994,
two sub-groups are distingnished. The first one includes countries with more stable spectral densities, e.g.
Taiwan, the Philippines, Japan, and China. Other countries of our sample form the second group in which
spectral densities are less stable. Cohesion result tests (see Appendix E, table 2) strengthen our opinion on
the feasibility of monetary union. In some countries, China, Hong Kong, and Taiwan, cohesion increases
after 1997. For Thailand, Singapore, Malaysia, and the Philippines we observe an increase in cohesion after
200003, If cohesion tends to decrease for South Korea, Japan, and Indonesia, its level remains sufficiently
high to allow these countries to form a monetary union with the rest of the group. While our shortest
studied cycle exhibits the lowest levels in density, all countries apart from Indonesia comove especially
after 1992 (see Appendix B, Figure 3). The weaker synchronized business cycles at this frequency rest on
differences in monetary policy adopted and on insufficient cooperation concerning short-run policy targets.
Cohesion tests (see Appendix E, Tables 2 and 3) confirm our findings. Cohesion of the shortest cycle is
lower for all countries. Except for Singapore and Malaysia, cohesion tends to increase after 1997 in China,
Hong Kong, Taiwan, South Korea, Indonesia, Japan, and the Philippines; and after 200003: Thailand.

4 Synthesis

Onur first finding is that the degree of synchronization increases especially after 200003 for the main part
of our studied countries. Recall that we have distinguished between three frequencies to analyze business
cycle synchronization. Such a distinetion is important. Indeed, the majority of studies dedicated to the
influence of intra-regional trade on business cycle synchronization does not analyze if such process follows
a short- or long-run, or both, dvnamics. Our main results suggest that the increase in bilateral trade inside
the East Asian region significantly improves long-run (e.g. Juglar cycle) business cycle synchronization.
The short-run influence of bilateral trade shows more mixed results. Indeed, short-run cycles remain
significantly influenced both by shocks hitting each country and by economic policies responses. As a



consequence, more bilateral trade and convergence in economic policies constitute two complementary
processes to promote business eyele synchronization.

Second, two significant dates -19960)3 and 20000)3- are identified, suggesting that East Asian countries
share common shocks (Asian crisis in 1997 and the ICT bubble in 2000-2001 over the studied period).
Estimates of time varying cohesion (See Appendixes DD and E) show that increasing bilateral trade in
the region leads to more business cyeles synchronization, especially after the 1997 crisis’. These findings
support the feasibility of a monetary union in the region.

Our results confirm studies -such as Loayza et al. (2001), Chow and Kim (2003), Lee et al. (2002)-
that find a significant increase in the degree of synchronization. However, contrary to many analysis
(Moneta and Rffer (2006); Sato et al. (2007); Rana (2007)), we find that China and Japan share common
movements with the rest of Asian countries. More precisely, China and Hong Kong represent the group
of the most integrated countries with the rest of Asia in the last ten years. In addition. while Bayoumi
and Eichengreen (1994) show that different groups of countries share different degrees of co-movements®,
our results suggest, more especially for long-run cycle, that all countries tend to converge toward a same
degree of cohesion. Finally, if Shin and Wang (2004) -considering the lower increase in intra-industry trade
for Hong Kong, China, and South Korea- stress that these countries may face more asymmetric shocks,
our cohesion graphics do not confirm such prediction. The higher level of the TVCF especially for the last
period induces that the inerease of bilateral trade improves synchronization in business eyele.

Appendix F displays the dynamic of bilateral trade for each country in the region. China and Japan
are the two main trade partners in the region and form together the center of the intra-regional trade.
However, China tends to become the main trade partner of other Asian countries. A very important
question to understand the dynamic of the integration process in East Asia is to determine to what
extent the intensification of bilateral trade means a more autonomous business cycle relatively to the
industrialized countries Huctuations. To give some elements of answers to this question, we perform co-
integration test between total intra regional imports of China and the American GDP. Such test allows us
to determine if there exists a common trend between the two series. According to appendix G, we identify
a cointegration relationship from which we can deduce that regional integration is driven indirectly by
external factor.

Owerall, these results show that East Asian countries continue to have a significant reliance on external
(7.e. extra-regional) demand. Thus we confirm the findings by Haltmaier et al. (2007) according to which
China "is still more a conduit than an engine” (p.4). Indeed, China tends to re-export final product to
the rest of the world (essentially to the United States) rather than to constitute an autonomous source of
exports for other Asian countries.

5 Conclusion

In this paper, we proposed a new measure of business cycle synchronization to assess the feasibility of a
monetary union in East Asia. Our main finding is the presence of an Asian common cycle, especially after
the crisis of 1997 and reinforced after 20000)3. Cohesion result tests supgest the presence of common eycle
so that members’ countries implying that these countries may constitute an optimal currency area. The
increase in intra-regional trade seems to have playved a significant influence on this evolution, especially
for long-run cycle.

However, our results must to be interpreted with cautious for two main reasons. On the one hand. as
suggested by the recent world economic crisis, business cycle synchronization in East Asia seems still driven
by external factors rather than by an autonomous regional process. Even if trade linkages with the Group
of Three countries are less important today, emerging Asia remains vulnerable to economic fluctuations
in industrialized countries”. On the other hand, countries may have different initial responses to shocks

7 For bilateral trade data, see Appendix F.

8 More precisely, the authors identify two blocks forming an optimal currency area: a Northeast Asian block
(Japan, Korea and Taiwan) and a Southeast Asian block (Hong Kong, Indonesia, Malaysia, Singapore and Thai-
land).

9 On this point, see Haltmaier, Ahmed, Coulibaly, Knippenberg, Leduc, Marazzi and Wilson (2007), and Fula
and Peltonen (2009).



and react symmetrically to shocks with one or two period lag(s). For this purpose, it's recommended to
complete the business cyele synchronization studies by testing the reaction of each country for different
shocks to affirm the feasibility of a monetary union in the region.
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Appendices
A Mathematical Appendix
A.1 The Evolutionary Spectral Analysis : Definition (Priestley, 1965-1996)

The evolutionary aspect of the spectrum is related to the nonstationarity in series which follows an
oscillatory process.

Xf:f Ax (w, t)e"™ dZx (w). (6)

—_T

Where for each 'w’, the sequence {Ax (w, )}, as it is according to ¢ admits a maximum Fourier trans-
form (in module) in zero with {Z x(w)} an orthogonal process on[—7, «], E[dZ x (w)] = 0, E[|dZ x {-w}|2] =
dpx (w) and py (w) a measurement. We conclude that the evolutionary spectral density of {X;} is the
function Sy (w,t) defined as follows:

dHx(w,t)

Sx(w,t) = =2,

T<w <. (7)

Where dH x (w,t) = |Ax (w,t)|2dpx(w). The variance of {X;} at £ is:

T

Ug(,f =Var(X;)= / S+ (w,t)dw (8)

i

Let we suppose a two zero-mean real stochastic process (X¢;Y:), consider Sy (w) and Sy (w), —7 <
w < , be the spectral density functions and Sxy (w) be the cospectrum. Each of the two series can he
written as

X; = / . Ax(w)e™dZx (w), Yi= / " Ay (w)e™ dZy (w). (9)

- —T

where

EldZ x (w1)dZy (w2)] =0 w1 # w2
=dw 1w} =wy=uw. (10)

where the overline indicates complex conjugation. As is well known, we have

Sxy(w) = Cxy (w) —iQxvy (w) (11)
Eq(11) verify this inequality coherence, C':_%{y —+ Q‘;'{} < Sx(w)Sy.
Kxy(w) is the coherence in the neighborhood of w
- Cky + kv
Sx (w)Sy (w)

Ky is analogue to the coeflicient of the correlation between two sample and interpreted as it.

Ky (w) (12)

10



A.1.1 Evolutionary cross-spectra (Sxy (w,t))

Priestley (1988) extend the theory of evolutionary spectra to the case of bivariate non-stationary processes.
Consider now two oscillatory component process, (XN¢; Y3), we can write

™

- [ Ax(w, )™ dZx (w), Vi= [ Ay (w, )™ dZy (w), (13)

™ i pie=

where:

EldZx (w1)dZx (w2)] = E[dZy (w1)dZy (w2)]
= E[dZx (w1)dZy{w2)] =0 when w1 # wo.
B[jdZx (w1)[] = dux (w), E[ldZy (w1)["] = duy (w) and
EldZx (w1)dZy (w1)] = dpxy (w). (14)

Let §y and §y denote respectively the families of oscillatory functions {oy (w,t) = Ay [w,t)eé””‘}
and {oy (w,t) = A}rlfuﬂ,t)e‘w“‘}. We define the evolutionary power cross-spectrum at ¢ with respect to the
families §x and &y, dH xy(w,t), by

dHxy (w.t) = Ax(w. t)Ay (w, t)dpxy (w). (15)
According to Priestley (1988), in the non-stationary case cross spectrum is time varying and is define
as dHxy (w,t). In virtue of the Cauchy-Schwarz inequality, we have

|dHXy(w.t)|2 < dHx(w,t)dHy (w,t), atalltandw. (16)

‘We can write now

dHxy (w,t) = Sxy (w,t) dw. (17)

where Sxy (w,t) is the evolutionary cross-spectrum density function.

Sxy (wj.t) = E[Uj% (@)]

= Cxy(wj,t) — iQxy (wj,t). (18)
Where

C’Xy(-w- = R{Sxy (w;.t)} and

Qxy (wj,t) = —.3{%‘,(3/(19- t)} (1)

are the Real Time Varying Cospectrum (the gain) and the Time Varying Quadrature Spectrum (the
phase) respectively. R and & meaning the real and the imaginary part of the time varying cross spectrum.

A.1.2 Estimation of the Coherence of the nonstationary spectra

Firstly, let the observable bivariate time series (Xy;Y}:) which are not necessary stationary. Their time
varying spectra can be defined via Sy (w,t) and Sy (w, t) respectively. So the time-varying cross spectrum
given by eq(18) have a polar representation

Sxy(w; t) = Axy (w;, t)exp{ifxy (w;, t)}, (20)

This statistics allow us to compute the time varying cross amplitude in the following way

Axy (wj,t) = |Sxy (wy, t)]
= [CRy (w), ) + Q%y (w;, )]'/? (21)

The Time Varying Magnitude Squared Coherence

AXY(HJ

2 . XYLV R
P (4528 = 5, y( D)

(22)

11



12



13



14



15



16



17



18



19



20



