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ABSTRACT

This paperuses an Extreme Bound
Analysis (EBA) and Wavelet Transformation
(WT) to provide a detailed characterization of
the Business Cycle Synchronization (BCS) within
the selected countries belonging to the Euro Area
(EA) and Gulf Cooperation Council countries
(GCC). In addition, a cross wavelets
transformation and  wavelets  coherency
transformation analysis is introduced in order to
understand how wavelets could be used in BCS
leading likely to achieve high levels of economic
activity integration betweencountries or groups
of countries.

The analyses are conducted by
introducing the main determinants of BCS
existing in the literature in order to understand
how they could evolve both in time and in scale
as far as the difference phases of the economic
system construction is concerned. Globally, and
unlike the EA, the results show not only a
considerable delay in creating an economic and
financial integration in the GCC, but more
importantly, a growing divergence in business
cycles (BC) among the GCC countries.

Keywords- Business Cycles, Extreme Bounds
Analysis, Synchronization, Wavelets.

I. INTRODUCTION

For many years, there was a very thorough
debate on issues in relation with the establishment
of secure economic zones, or even single currency
areas. As the BCS is widely related to the literature
on optimal currency areas or economic unions, and
despite the existence of many divergent points of
view in both theoretical and empirical spheres, there
was still a large consensus about the importance of
BCS as a necessary condition of successful
economic integration.

This paper tries to investigates the
underlying factors of BCS in the EA and GCC by
considering a large number of BCS determinants
inspired from the previous theoretical and empirical
works in this research field. In addition, the most
important contribution in this work is the use of a
combination of relevant econometric and heuristic
tools, to be more specific,

the use of an efficient approach of regression,
Extreme Bound Analysis (EBA) and Stationary
Wavelets Transformation (SWT).

The paper has many important objectives
embodied in three fundamental axes. First, to
demonstrate at what degree BCsare correlated
across EA and GCC. In addition, the analysis is
extended to understand the gap between the
economic integration in the EA and the GCC.
Therefore, the cyclical component of the Gross
Domestic Product (GDP)is considered in order to
assess the different degrees of synchronization in the
BC obtained by the extraction process as proposed
by Hodrick and Prescott (HP-Filter). Therefore, the
analysis are not based only on the GDP data but on a
very smoothed variable leading to a more strong
framework determining the factors driving BC
differentials among EA and GCC countries and how
these factors can evolve through time.

Second, the paper tries to give an answer to
the following two questions: why inside an
economic group of interest, the BC of different
countries may be synchronous or asynchronous.
Moreover, why they may converge or diverge. To
do this, the analysis includes a set of common
factors in the literature, and for which data are
within our reach. They are supposed to have an
impact on the BCS.

Third, a wavelets model is introduced to
measure BCS among countries in the EA and GCC
countries and to justify its relevance in relation with
the used variables. Moreover, this work tries to
overcome some problems with the popular approach
in BCS related to the robustness of tests. Thereby,
the results present the difference in the case of EA
countries (supposed to be a good example of the
economic and financial integration) and GCC
countries.

The remainder of this paper is structured as
follows. Section 2 provides a recent literature
review in relation with the potential determinants of
BCS. Section 3 outlines the empirical analysis,
namely the used data, the statistical approach and
wavelets techniques and finally the obtained results.
Section 4 discusses the economic interpretation of
the results in the context of EA and GCC countries.
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Il. LITERATURE REVIEW

The literature on BCS is evolving both
theoretically and empirically. Because of its
diversity, it can be subdivided in several categories.
For instance, the used variables, the considered
technical packages in the analysis, the research
context, etc. Since theory is indeterminate upon
which  factors are behind synchronization,
identifying the determinants of synchronization is
thus a subjective matter left to the initiative of the
researcher (Baxter and Kouparitsas, 2005).

By considering the research context, the
most important part of works on BCS is
concentrated (in a descending order) on the Euro
area, United States and South Asia. Because of a
huge number of constraints, the works on GCC or
Middle East & North Africa (MENA) region are
still insufficient and need more developments.

Among the various works on the BCS, the
following ones are the most important:On the path
of Frankel and Rose (1998) work mainly focused on
the effects of international trade, Rose and Engel
(2002) confirm this statement of fact argued by the
intensified trade flows between currency union
members. As a result, BC are more synchronized
across currency union countries. Artise et al. (2004)
have presented a Markov Switching VAR models to
assess the synchronization process in the European
Union and to identify a common unobserved
component that determines the European BC
dynamics.Camacho et al. (2006) and Harding and
Pagan (2006) have discussed how the degree of
synchronization between BC of different countries
can be measured and tested. They conclude that
there is no common BC across Europe.Clark and
Wincoop (2001) have argueed that BCs of U.S.
Census regions are substantially more synchronized
than those of European countries.Baxter and
Kouparitsas (2005), Imbs (2004) and Inklaar et al.
(2008) have analyzed a set of key variables like
international trade flows, specialization, and
financial integration and their relation with the
synchronization process in both developing and
industrialized countries. Imbs conclude that
economic regions with strong financial links are
significantly more synchronized, Baxter and
Kouparitsas argue that currency unions are not
important determinants of BCS and Inklaar et al.
conclude that convergence in monetary and fiscal
policies have a significant impact on
BCS.Stockmann (1988) has focused his work on the
importance of sectorial shocks for the BC and
conclude that the degree of differences in sectorial
specialization is negatively related to cycle
synchronization, i.e. the more dissimilar the
economies, the less correlated the cycles.Kalemli-
Ozcan et al. (2003) have argued that countries with
a high degree of financial integration tend to have
more specialized industrial patterns and less
synchronized BC. They corroborate their

conclusions with the contagion effect of the
financial crises and put forward a direct and positive
effect of capital flows on BCS.From another point
of view, Selover and Jensen (1999) have adopted a
mathematical modeling approach to conclude that
the BCprocess may result from a mode-locking
phenomenon (a nonlinear process by which weak
coupling between oscillating systems tends to
synchronize oscillations in the systems).

Overall, all the works are concentrated on
the two main blocks of variables: trade(or)economic
specialization and financial integration. Therefore,
the literature is ambiguous on the real effect of these
blocks of variables on the BCS. This is quite
understandable since different researchers relay on
various research ways. Their results are, however,
not unequivocal and seem to depend on the
economic structure of the country, the chosen period
of time, samples, etc.

111. EMPIRICAL ANALYSIS
111.1. DATA AND VARIABLES DESCRIPTION

This paper follow fundamentally the work
of Baxter and Kouparitsas (2005), and Imbs (2004)
with some small modifications to analyze the
relationship between BCS and the following
variables: bilateral trade, trade openness, trade
specialization, economic specialization, deposit
interest rate differentials, official exchange rate
fluctuations, fiscal deficit differential, financial
openness, monetary policy, current account balance,
gross national savings as % of GDP, oil imports
(only for EA), oil exports (only for GCC). In
addition, two gravity variables are considered in the
regression equation, namely geographical distance
and population density. As a dependent variable, the
GDP data are used, as usual.

Fifty-five (55) pairs among the eleven EA
countries are constructed and fifteen (15) pairs
among the six GCC countries over the period 1980-
2011. In order to extract the specifications and most
important events in the considered period, it is
spilled to three sub-periods: 1980-1989, 1990-1999
and 2000-2011.

The used terminology in the following
equations corresponds to the country indices i and j
as well as the time index t. In what follow, a
description of each used variable in the regression is
given. The considered variables are classified into
two sets; the first one concerns the most important
determinants of BCS proposed by Baxter and
Kouparitsas (2005), Imbs (2004) and Inklaar (2005).
The second set consists in policy and structural
indicators, which appear particularly relevant in the
context of an economic and monetary union.

111.1.1. BUSINESS CYCLES SYNCHRONIZATION
MEASUREMENT

The dependent variable in this study is
expressed by the degree of BCS between countries i
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and j at time t. To measure this variable, the Inklaar
et al (2005) methodology is followed to conduct
regressions with Fisher’s z-transformations of the
correlation coefficients as dependent variable. The
transformed correlation coefficients are calculated
as:

1 [1 + Corrl-j]

Synyj = Corrygn ij = Elnizf.-l “Corr
i

Where Corr;; is the pair-wise correlation
coefficient of the cyclical components of GDP data
of country i and country j. Since a Pearson’s
correlation coefficient is bounded at -1 and 1, the
error terms in a regression model of the
determinants of BCS are unlikely to be normally
distributed if the untransformed correlation
coefficients are used (Inklaar et al, 2005). This
complicates reliable inference. The transformed
correlations do not suffer from this problem, since
the transformation ensures that they are normally
distributed (David, 1949).

111.1.2. BUSINESS CYCLE SYNCHRONIZATION:
FUNDAMENTAL DETERMINANTS

There is no doubt that the foremost among
the determinants of BC is the trade intensification.
To understand the effect of trade on BCS, one can
invoke the Ricardo comparative advantage theory
and trade specialization. Increased trade must results
in increased sectorial specialization leading to
increased BC correlation. In addition, trade may act
as a conduit for the transmission of shocks that
affect all industries (Baxter and Kouparitsas, 2005).
In this case, increased trade would lead to increased
BC correlation, which means a positive relationship
between trade and BCS. In relation with trade, four
variables are considered, namely bilateral trade,
trade openness, trade specialization and economic
specialization.

Two essential bilateral trade
measurements are included: the first one (BLTRt) is
defined as the average of the sum of bilateral
exports and imports in a pair of countries, divided
over the sum of total exports and imports:

T
BLTRt: = lz [(Xiif + My ) + (Xie + My )]
VTS| (e + M) + (X + M)
The second one (BLTRYy), express bilateral

trade as a fraction of aggregate GDP in the two
countries:

T
BLTRy, = lz [(Xi,-t + M) + (X + My )]
YT Yie + Y,
t=1
The trade openness (TROP) measure is
intended to capture the general openness in a pair of
countries. According to Baxter and Kouparitsas
(2005), this variable is a good measure of the extent
to which the country is exposed to global shocks.
Thus, it is possible that higher trade, in the

aggregate, leads to more-highly correlated business
cycles:

T
1 [(Xit + M) + (X + M)
TROP; = —Z
T L Ve + Y

Where X, M and Y denote exports, imports
and GDP respectively.

In the theoretical literature, there is a wide
common assent about the impact of bilateral trade
and market openness on the BC. Supposed to be
positive relationships, it is argued that the more
intensive trade between two countries (or the more
open to trade), the higher the trade variable, and the
more synchronous the BC (Baxter and Kouparitsas,
2005). Hence, there are common factors that create
spillover effects for more synchronized BC between
country-pairs.

Trade specialization (TRSP) is measured
by the cross-country difference between the average
shares across time of a particular sector in total
exports. To obtain an overall sectorial distance
measure for total exports, we can calculate de
summation of the distances for all sectors. In
thiswork, three sectors are considered: goods
exports, merchandizes exports and services exports.
The variable is calculated as follow:

T T

1 1

OTIED =
t=1 t=1

Where exsiy; is the share of the sector n in
the total exports of country i, at time t. Logically,
differences in trade specialization patterns should be
negatively related to BC correlation.

Similarly to trade specialization, economic
specialization (ECSP) expresses the share of an
economic sector in the total economic outputs. It is
the sum of the differences of sector shares in the
economy’s output. Here, the three main sectors
(agriculture, industry and services) are considered.
The corresponding variable is calculated as follow:

n L
1 1
(?Z eCSint) 4 (TZ ecsjnt )
t=1 t=1

Where ecs;,; is the share of the sector n in
the total economy’s output of country i, at time t.
Once again, it is expected to obtain a negative
relationship for this variable with BCS.It is noted
that exsj,; and ecsj; are the time average of the
discrepancies in the economic structures between
two countries.

For the trade and economic specialization,
it is expected to have negative coefficients between
these variables and BC. That is the more similar the
trade and economic structures of two countries, the
higher is BC correlation.

111.1.3. BUSINESS CYCLE SYNCHRONIZATION:
SPECIFIC DETERMINANTS OF ECONOMIC AND
CURRENCY UNION
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The other set of variables included in the
analysis concern those used to assess the available
suitable conditions to create an economic and
monetary union:

Deposit interest rate differentials (DIRD) is
used to determine whether differences in the
monetary policy have an impact on BCS. According
to Inklaar (2005), the relationship direction is not
clear and is ultimately an empirical matter. This
dissonance is justified by the fact that in ordinary
periods, countries with similar monetary policy have
more synchronized BC, but in the case of crisis or
external shocks, BC may be less correlated due to
the inability to respond by individual monetary
policy in the presence of policy coordination
(Inklaar, 2005). The variable is calculated bay
taking the absolute value of the mean sample of
pairwise differences:

1 T
DIRD;; = ?Z(DIR“ —DIR;,)
t=1

Official exchange rate fluctuations(OEXR)
is another important variable to evaluate the
relationship between the monetary policy and BCS.
The more the volatility of exchange rate is bigger,
less is the synchronization in BC. Hence, one can
expect a negative correlation in this case (Frankel
and Rose, 2002). This variable is first calculated by
using the standard deviations of the bilateral
nominal exchange rates between two countries, and
then the standard deviations are scaled by the mean
of the bilateral exchange rates over the sample time
period:

o(OEXR;;)
¥, OEXRy,

The literature suggests that deposit interest
rate and official exchange rate are negatively
correlated withBC, that is to say highly correlated
cycles are recorded in the presence of more similar
monetary policy.

Another important variable which can be
included is theFiscal deficit differential (FIDD).
From a theoretical point of view, the direction of the
correlation between the fiscal deficit differentials
and BCS is, once again, not confirmed. Empirically,
the variable is constructed as the mean sample of the
bilateral differences of fiscal deficit (FD) ratios
between two countries, and then taken as the
absolute value:

OEXR_Sdi}' =

1 T
?Z(FD“ —FD,)
t=1
In most cases, similar fiscal policies
correspond to increased correlation between BC
leading to a negative, that is, larger difference in
fiscal deficit leads to less synchronized BC (Frankel
and Rose, 2002).
Financial openness (FIOP) is a measure of
capital account openness. Usually, the Chinn and Ito

(2002) is used to measure the capital account
openness, constructed as the first standardized
principal component of the inverse of the IMF
binary indicators. Here, the bilateral capital account
openness is measured as the period average of the
sum of the Chinn and Ito’s indicators (Chinn and
Ito, 2002):

FIOP; = Kaopen;;

T
1
= TZ(Kaopenit + Kaopenjt)
t=1
Where Kaopen is theChin and Ito’s

measure of capital account openness. It goes without
saying that more open capital account in a country
lead to more vulnerable situation against global
financial shocks or economic crisis. Therefore,
countries with high financial openness are likely to
have high correlated BC (positive coefficients).

Monetary policy (MOPY), is expressed by
the calculation of the Pearson coefficient of
correlation calculated as the money and quasi
money annual growth (M2 annual %):

MOPY;; = Corr; (M2, M2;,)

Current account balance (CUAB) as a
percent of GDP is defined as the sum of net exports
of goods, services, net income, and net current
transfers. To capture the relation between current
account balance and BCS, the Pearson correlation
coefficient is calculated between two countries:

CUAB_corr; = Corryj (CUAB;,,CUAB;,)

Gross national savings as % of GDP
(GNSA) expressed as gross national income less
total consumption, plus net transfers:

GNSA_corr; = Corr;; (GNSA;, GNSA;)

It is expected that countries with similar
monetary policies, current account balance and
gross national savings to experience similar BC.
Consequently, the estimated regression coefficients
on these variables must be positive as regards of
BC.

By considering trade in oil market, the
nature of the economic structure for each country
should be carefully analyzed. Because European
countries are relatively classified as oil importers,
oil importations (OlIM) are used as an exogenous
variable in the regression model. In contrary, it is
more logical to use the value of oil exportations
(OIEX) for the GCC since their economies are
widely dependent on the oil rents:

OIIM(EU)_corry; = Corry; (OlIMy, OIIM;, )
OIEX(GCC)_corry = Corr; (OIEX;,, OIEX;, )

Logically, countries with similar profile as
for oil trading express more correlated BC. Then,
one could expect a positive relationship between oil
imports or exports and BCS within county-pairs.

In addition, gravity variables are
commonly included in the regression analysis. The
two considered variables are the geographical
distance and the population density. Geographical
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distance is expressed in terms of distance between
national capitals in kilometer units and population
density is midyear population divided by land area
in square kilometers. It is well known that a large
fraction of bilateral trade can be explained, in a
statistical sense, by a set of gravity variables that
include distance between countries, indicator
variables for common language and adjacency, and
variables that measure the difference between
countries levels of GDP (Baxter and Kouparitsas,
2005). Therefore, the gravity variables are usually
included in the analysis as a set of always-included
variables. However, it would be necessary to
investigate whether the gravity variables are robust
explanatory variables for BCS in a first stage of
analysis.

I11.2. EXTREME-BOUND ANALYSIS

In order to identify more exactly the main
determinants of BCS across EA and GCC, a special
type of regression called Extreme Bound Analysis
(EBA) is adopted as proposed by Leamer (1983)
and developed by Levine and Renelt (1992), Levine
and Zervos (1993), and Sala-i-Martin (1997).

The principal is quite convincing, when we
use a simple OLS regression, the estimated
coefficients are often unstable and much conditional
on the choice of information set. A variable may
appear as significant in one combination of
repressors and not significant in another. In others
words, a variable is considered robust when its
statistical significance is not conditional on the
information set, namely on whether other economic
variables are included in the equation or not.
Consequently, and before deciding if a variable is a
robust determinant of BCS or not, an important
number of regression combination must be run. A
determinant variable for the BCS must have the
same behavior in all combinations (Baxter and
Kouparitsas, 2005). The used criteria in robustness
check of the entire variables are more discussed in
the next paragraph.

The regression is about a dependent
variable Y with various sets of independent
variables. In our case, Y is a vector of BC expressed
as the cyclical component extracted by the Hodrick-
Prescott Filter of the GDP correlations Y;j; between
pairs of countries i and j.

The general regression form as presented
by Leamer (1983) based on the EBA is:

Y=B)+Bn(M)+B,(Z) + 1

The independent variables are classified
into three categories, 1, M and Z. | denotes a set of
always-included variables (The gravity variables
geographical distance and population density may
fall into that group). The M-variable is the candidate
variable which is being tested for robustness. At the
same time, the Z-variables contain other variables
identified as potential determinants of BCS.The
EBA is performed by the following algorithm:

1- Run a baseline bivariate regression for each M-
variable without any Z variables. A necessary
condition for a variable to be a meaningful
determinant of BCS is that it should be first
significant in a bivariate regression. Otherwise,
it is excluded from the analysis.

2- Varying the set of Z-variables (for each
possible  combination) included in the
regression for a particular M-variable.

3- From these regressions, the EBA determined
the highest and lowest values of confidence
intervals constructed from the estimated f,:
The extreme upper bound (EUB) is equal to the
maximum estimated S, plus two times its
standard error:

EUB = B} + 20 (BYA%)
The extreme lower bound (ELB) is the
minimum estimated S, minus two times its
standard error:

ELB = Brin — 20 (Bmin)

4-  An M-variable is robust if these highest and
lowest values are of the same sign and if all
estimated Sy, coefficients are significant.

Tables 1 and 2 illustrate a summary of
EBA applied for both EA and GCC. In parallel,
figures 1, 2 and 3 represent the evolution of BCS
over time based on the average correlation
coefficient.

According to figures 1, 2 and 3, many
countries have experienced some interesting change
in their degree of synchronization like Austria,
Belgium and Ireland, which is not the case of other
countries like Finland, Greece and Portugal. In
addition, GCC countries are very weak and globally
they are far from apossible horizon of constructing a
common currency area. Even for the strongest
economies, the BCS index is very low and there is
no perspective for any latent predisposing factors for
a monetary union. The best values of BCS are for
the following countries: Qatar, Saudi Arabia and
United Arab Emirates.Moreover, the European
integration is well captured in the third period. It is
seen as the period of preparation for European
monetary union period.
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Table 1. EBA results in EA

Table 2. EBA results in GCC

. 1980- 2000- . 1990- 2000-
Variables 1989 1990-1999 2011 Variables 1980-1989 1999 2011
Fundamental  determinants of  business  cycle Fundamental determinants of  business  cycle
synchronization synchronization
Bilateral Trade Bilateral Trade Fragile
BLTRt (Trade Robust Robust Robust BLTRt (Trade | Fragile Fragile Significa
criteria) (+) (+) (*) criteria) nt+
Bilateral trade Bilateral trade
BLTRy  (GDp | Robust | Robust Robust BLTRy (GDP | Fragile | Fragile | Fragile
criteria) (+) () (*) criteria)

Trade  openness | Quasi Robust Robust Fragile
TROP Robust(+) | (+) ) ¥§g‘; QRENNESS Significan | Fragile Fragile
Trade . t+
specialization gcl:szls-t ) I(?)o gust I(?)O st Trade specialization | Quasi- Robust Fragile
TRSP TRSP Robust(-) | (-)
Economic Quasi- Economic . . .
specialization I(?)O bust I(?)o bust Robust(- specialization ECSP Frag)le Fragile Fragile
ECSP ) Specific determinants of economic and currency union
Specif_ic detgrminants of economic and currency union Deposit interest rates Quiasi- _ _
z«tag:sn di ffelrzaetzglsé Robust Robust Fragile differentials DRID zf)’bUSt Fragile Fragile
DRID ) ) Official exchange | Fragile Fragile Fragile
Official exchange rate fluctuations | Significan | Significa | Significa
rate  fluctuations F)O buSs (R;) g Fragile OEXR t- nt- nt-
OEXR " o . Fragile Quasi-
Fiscal deficit | Robust Robust Robust g;:lfearlentials FI%ESC“ ggglsjls't ) Significa | Robust(-
differentials FIDD | (-) () () nt- )
Financial openness ! Quasi- Robust Financial openness g ) .
FlOP Fragile Robust(+) ) F10P Fragile Fragile Fragile
Monetary  policy | Robust A Robust . Quasi- Quasi-
MOPY (+) RS (+) mOOnF?;[{ary policy Robust Fragile Robust
Current  Account | Robust Robust Robust (#) (+)
s ety | L i Current  Account | Robust | R0E0C | ROFRC

. Robust Robust Robust Balance CUAB (+)

0,
savings % of GDP ) ) ) . : (+) (+)
GNSA Gross national | Fragile
Oil imports OIIM | Quasi- Robust Robust savings % of GDP | Significan | Fragile Fragile
(only EA) Robust(+) | (+) (+) GNSA t+
Qil exports OIEX | N o Oil imports OIlIM | - _
(only GCC) (only EA)
Gravity variables Oil exports OIEX | Robust Robust Robust
Geographical Robust Robust Robust (only GCC) () (+) (+)
distance GEOD () () () Gravity variables
Population density | Robust Fragile Robust Geographical Robust Robust Robust
PODE (+) Significant+ | (+) distance GEOD () () ()
Fragile significant with + or — signs indicate that the - - Fragile Fragile
variable is significant only in the bivariate regression I;cc);)g:gtlon density Significan (Fic))bust Significa
t+ nt+

Fragile significant with + or — signs indicate that the
variable is significant only in the bivariate regression
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Figure 1. Business Cycle Correlation over Time
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1.3, WAVELETS IN
SYNCHRONIZATION

Undoubtedly seen as a subject in
progression, the application of wavelet theory in
economics and finance is still in its beginning since
wavelets models are not explored yet in finance and
economic literature. Nevertheless, there is a growing
interest in applying wavelet theory todeeply
understand BCS. The following works are
considered among the most important in relation
with BC: Raihan, Wen and Zeng (2005); Crowley
and Lee (2005); Crowley, Maraun and Mayes
(2006); Gallegati and Gallegati (2007); Yogo
(2008); Aguiar-Conraria and Soares (2009).

BUSINESS CYCLES

Considered as a new engineering tool,
wavelet analysis is widely related to applications of
image  processing,  engineering,  astronomy,
meteorology and time series analysis since they can
be used in order to unveil latent processes with
changing cyclical patterns, trends and other non-
stationary characteristics supposed to be very
appropriate in studying synchronization in BC.

This paperfocuses on two models of
continuous discrete wavelets transformations: the
Cross Wavelets model (XWT) and the wavelets
coherence model (WCT).

As continuous and discrete in time frequency
(scales), these two wavelets models are very
appropriate in studying BCS by offering the
following advantages:

- Wavelets permit to examine trends and seasonal
time series without need to prior
transformations. Therefore, there is no need of
any pre-process to deal with deterministic and
stochastic trends due to the fact that wavelet
filtering usually embeds enough differencing
operations.

- Wavelets reduce computational complexity. All
the wavelets models (even the most complex
ones) can be computed with faster and efficient
algorithms (Cohen and Walden, 2010a).

- Wavelets offer a more precise timing of shocks
causing and influencing BC.

- Wavelets are nonparametric models and they
are very suitable to examine nonlinear
processes without loss of information.

111.3.1. WAVELETS CROSSING AND WAVELETS
COHERENCE

The cross wavelets transform (XWT) and
wavelets coherence (WCT) are wavelets models
allowing analyzing the temporal evolution of the
frequency content of a given signal or timing series.
The application of XWT and WCT to two time
series and the cross examination of the two
decompositions can reveal localized similarities in
time and scale. Areas in the time-frequency plane
where two time series exhibit common power or
consistent phase behavior indicate a relationship
between the signals (Cohen and Walden, 2010a). In
our case, these two models are very appropriate to
compare BCS across a pair of countries both in
terms of evolution in time and degree of
synchronization.

In the following two sections, the cross
wavelets and wavelets coherence models are
presented according to the works of Torrence and
Compo (1998), Torrence and Webster (1998), and
Grinsted et al. (2004).

111.3.1.1. CROSS WAVELET TRANSFORM XWT
Wavelets crossing and wavelets coherence

are an extension of the Fourier Coherency

Transform. The latter was often used to identify
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common frequency brands between two time series.
Therefore, it is possible to develop a wavelet
coherency which could identify both frequency
bands and time intervals when the time series were
related (Liu 1994).

Unfortunately, in Fourier analysis, it is
necessary to smooth the cross spectrum before
calculating coherency which is otherwise identically
equal to 1. As a result, the used smoothing process
in cross-wavelet spectrum was unclear and
inadequate to define an appropriate wavelet
coherency (Liu 1994).

To avoid this shortcomings situation, the
wavelet coherency is used to maintain a smoothing
process in both time and scale, with the amount of
smoothing dependent on both the choice of wavelet
and the scale.

The cross wavelet transform (XWT) of two
time series X, and Y, with wavelet transforms
WX(s)and WY (s)is defined as: WXY(s)=
WX (s)W,Y*(s). Where * is the complex conjugate
of WY (s), n is the time index and s is the scale. The
cross-wavelet spectrum is complex, and hence one
can define the cross-wavelet power as |WXY (s)l.
The complex argument arg(W?*') can be
interpreted as the local relative phase between X,
and Y, in time frequency space. The theoretical
cross-wavelet distribution of two time series with
theoretical Fourier spectraP and P! is given in
Torrence and Compo (1998) as:

L (IMX(S)W*(S)I > p) _Z/®) PXpY
Oy Oy v

Where Z,(p)is the confidence level
associated with probability p, ox and ovare the
respective standard deviations. If v = 1 (real
wavelets), Z;(95%) = 2.182, while if v =2 (complex
wavelets), Z,(95%) = 3.999.

111.3.1.2. WAVELETS COHERENCE TRANSFORM
(WCT)

As the cross wavelet power is used to
reveal areas with high common power, the cross
wavelets coherence transform is a second useful
technique that can be adapted to evaluate coherency
in time frequency space. According to Torrence and
Webster (1998), the wavelet coherence of two time
series is given by the following formula:

|s(s~ WX ()|
S(sTHWE()I2). S(s~HWY (9)12)

Ri(s) =

Where S is a smoothing operator in both
time and scale. Here, the coherency parameter
R2(s) is always included between 0 and 1, (0 <
R2(s) < 1). Hence, wavelet coherence is often seen
as a localized correlation coefficient in time
frequency space. It is an accurate representation of
the normalized covariance between the two time
series. Therefore, to assess the statistical
significance of the estimated wavelet coherency, the

Monte Carlo simulation methods are used, and the
confidence interval is defined as the probability that
the true wavelet power at a certain time and scale
lies within a certain interval about the estimated
wavelet power (Torrence and Compo, 1998). The
theoretical wavelet power ¢°Py with the true wavelet
power, is defined as W2 (s). The confidence interval
for W2 (s) is then:

2 2
T/ M OF <L)

- 2
=ga—p" )

Where p is the desired significance (p =
0.05 for the 95% confidence interval), x3 is a chi-
square distributed variable with two DOFs (degree
of freedom) (Jenkins and Watts 1968), and yZ(p/2)
represents the value of * at p/2.

111.3.2. XWT AND WCT RESULTS

In what follows, the XWT and WTC
results are presented in a synthesized way. That is
we will limit the discussion for both EA and GCC
countries by taking only the highest and lowest
coefficients of BCS between country-pairs.

For instance, when considering the BCS
between Austria and Belgium and between Austria
and Italy, we can see more areas with red color in
the first case than the second, which means a
relative important correlation in term of BC between
Austria and Belgium than Austria and Italy (figure
4). In addition, wavelets tell us much information
about the correlation evolution in time. In the case
of EA, the strongest similarities are likely common
to the period slightly before 1999 (Euro adoption).

" Figtire 4 XWT and WCT betwi
Belgium and between Austria and Italy

As in (Torrence and Compo, 1998) and

(Grinsted et al, 2004), both XWT and WCT figures

have some decisive criteria that may be respected in

the results interpretation.
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In the XWT figures, the 5% significance
level against red noise is shown as a thick contour.
The black contour designates the 5% significance
level estimated by Monte Carlo simulations beta
surrogate series. The cone of influence, which
indicates the region affected by edge effects, is
shown with a thin black line. The relative phase
relationship is shown as arrows (with in-phase
pointing right, anti-phase pointing left. The color
code for power ranges from blue (low power) to red
(high power).

In the WTC figures, expressing the
coherence in the BC, the black thick contour
designates the 5% significance level estimated by
Monte Carlo simulations using beta surrogate series.
The 5% significance level against red noise is
shown as a thick contour. All significant sections
show anti-phase behavior. The color code for
coherency ranges from blue (low coherency — close
to zero) to red (high coherency — close to one).

Looking at figure 4, it can deducted that
correlation in BC is not a preliminary condition for
BC coherency and vice-versa. In the EA, high
coherency in BC is recorded starting after the Euro
currency adoption, even if BC where highly
correlated before 1999. Wavelets correlation
transformation and wavelets coherency
transformation are two complementary techniques to
assess BCS evolution in both time and scale.

In addition, and as mentioned above, the
cross-wavelets transformation gives information on
the delay, or synchronization, between oscillations
or scales between two time-series. Unfortunately,
this information is sometimes incomplete because
there is always some redundancy in the time-series
(Torrence and Compo, 1998). Consequently,
wavelets coherence are used to avoid this situation.

As, the cross-wavelet transform will tell us
if the correlation is significant or not, the wavelet
coherence transformation has the advantage of being
normalized by the power spectrum of the two time-
series (Torrence and Compo, 1998). Hence, all the
regions, which represent likely high coherency
between two countries, are synonym of strong local
correlation. In other words, countries with common
high coherency areas represent strong possibilities
of creating very similar BC.

Looking at figure 5, one can observe that
BC between GCC countries are not very
synchronous, even for the neighboring countries. In
addition, regions with high coherence are situated at
low frequencies. When comparing figure 4 and 5,
there is a deep difference between the two regions in
terms of color code. Interestingly, for the GCC
countries, the phases aligned at high frequencies are
not numerous, the main part of them are rather
occurred at low frequencies. In addition, coherency
phases are notably scattered in a time interval of two
years (in average).

It is interesting to mention that in the case
of EA and even after the last worldwide economic
crisis, countries with strong correlation in BC have
kept almost main correlation and coherency areas.
Contrary to EA, it seems like GCC countries have
started a new stage of divergence in terms of BCS.
Furthermore, this divergence stages are situated at
low levels frequency. Hence, GCC countries are
likely far from constructing an economic and
monetary union at least in the next 5 years.

AL
bt
waees
W

‘a?_."i'fig[ire's. XWT and WCT betweer Bafiraifi arid Ufiited
Arab Emirates and between Kuwait and Oman

1V. SUMMARY AND CONCLUSIONS

This paper tried to make a deeper
understanding of the relationship between BC and
the most important economic aggregates used in the
literature in two economic groups, namely EA and
GCC. The used variables were mainly based on the
bilateral trade and economic specialization as basic
determinants and other specific variables in relation
with the financial integration and coherence
between countries. It have tried in addition to
understand the spillover effects of BC.

The analyses have also include an Extreme
Bound Analysis in order to evaluate the relative
influence of every used variable. In addition,
BCswere assessed by two wavelets techniques: the
wavelets crossingtransformation and the wavelets
coherency transformation. The first technique has
identified the main intervals of correlation between
country-pairs for both EA and GCC. The second
technique was rather used to show the possible
coherency andconvergence possibilities.

The main results showed that the chosen
determinants of BC were very appropriate for the
EA but not for the GCC. The reason was confirmed
by the recorded divergence in the economic
structure between GCC countries. The only common
point of convergence was the oil exportations.
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In addition, by considering the wavelets
analysis, the GCC countries have still represent
divergence either in time or in scale. Paradoxically,
the divergence is more increasing after the last
worldwide economic crisis.

The use of wavelets in BC offer the
advantage to deal with more smoothed parameters.
The technique is more suitable in the case were BC
indexes contain a very important part of noise.

Overall, the global results figure out some
interesting remarks: GCC could not be compared to
EA in terms of BSC. The latter has expressed very
high correlation in BC in some country-pairs
contrary to GCC. In addition, most of the countries
in the EA that were characterized by low index of
BC have improved their synchronization process
over the time, especially after 1999. EA countries
represent many possibilities for synchronizing their
BC both in time and scale. However, GCC countries
are still far from approaching an economic and
monetary union.
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