                        TESTING FOR NON - LINEARITY IN ASEAN FINANCIAL MARKETS

Kian - Ping Lim
a
 and Khim - Sen Liew
b

                                                    a
                                                          Labuan School of Inte rnati onal B usi ness and Finance, Universiti Malaysia Sabah

                                                 b
                                                        F acul ty of Ec onomics and Manage me nt, Univer siti Putra Malaysia

August 2003

Ab stract

With abounding evidence of non - linearity in financial markets o f deve loped countries, this

study attempts to narrow the gap in the literature of ASEAN countries, with a focus on the

foreign exchange and stock markets. The outcomes of our econometri c investigation using

the Hinich bispectrum test provide strong support for the presence of non - linearity in all the

ASEAN - 5 exchange rates and stock returns series. Further application of the Lukkonen -

Saikkonen - Teräsvirta  (LST) test rein forces our conclus ion that the financial time series data

of ASEAN - 5 exhibit non - linear dependencies. These findings, while highlightin g the fact that

researchers cannot take the linear assumption as gra nted, also point to the need to test for

non - linearity as a preliminary  dia gnostic tool to determine the nature of the data generating

process before any further empirical analysis. This study has strong implication on the

empirical work of ASEAN - 5 financial ma rke ts. Specifically, the results su ggest the use of

empirical me th ods that is more robust if the data generating p rocess is non - linear.

Keywords : Non - linearity; Data generatin g process; Hinich bispectrum test; Lukkonen -

                                                                       Saikkonen - Teräsvirta (LST) test; ASEAN foreign exchange markets; ASEAN

                                                                       stock markets.

I.  INTRODU CTION

It is an accepted fact that financial economics has been dominated over the past decade by

linear paradigm, which assumes that economic time series conform to linear models or can be

well approximated by a linear model.  For example , empirical tests  of market efficienc y,

purchasing power parity, tests of stationarity, cointe gration, causality and many of the

empirical models of asset pricing have imp licitly assumed that the underlying dynamics are in

linear form or can be made linear b y a simp le tran sformation.

However, there is ample empirical evidence a gainst the linear paradigm. Theoretically, there

is no reason to believe that economic systems must be intrinsically linear (see, for example,

Pesaran and Potter, 1993; Campbell et al. , 1997; Barnett  and Serletis, 2000). Empirically,

there were a great number of studies showing that financial time series exhibit non - linear

dependencies (see, for example, Hsieh, 1989, 1991; Scheinkman and LeBaron, 1989; De

Grauwe et al ., 1993; Abhyankar et al. , 1995; S teurer, 1995; Brooks, 1996; Barkoulas and

Travlos, 1998; Opong, et a l.,  1999). With this develo pment, the subject has now moved to a
new direction. This new direction is, of course, the study of non - linearity. In the words of

Campbell et al.  (1997: 467), ^ A natural frontier fo r financial econometrics is the modelling o f
non - linear phenomenon~. The main driving force behind this shift is the developments in the
mathematical and statistical analysis of d ynamics systems, which are able to uncover a more
comple x form of dependencies in time series that would otherwise appear to be random. A
good testimony of the gro wing interest in non - linear studies would be the founding of a
specialized international journal entitled Studies in Non - linear Dynamics and Economet rics .

In the literature, there is no generally a greed definition for `non - linearitý . From th e definition
given by De Grauwe et al.  (1993: 244), a system
t

X

= h  (
t

W

,
a

) is called a non - linear system
if it is not po ssible to re generate
t

X
by one linear model:

i
t

                                                                                      i

                                                                                                               i

                                                              t

                                                   X

-

                                                                                         ¥

                                                                                         =

                                                                                    å

                                                                        = e

                                                                                                      g

                                                                                               0

  and
e

 is white noise and

                                                                                  å

                                                                                      ¥

                                                                                      =

                                                                                            0

                                                                                   i

                                                                                                             i

                                                                                                   g

                                                                                                                     is such that
|

|

0

å

¥

=
i

i

g

 <

¥

                                        (1)

According to De Grauwe et al.  (1993), the definition o f non - linearity stems from the negation
of linearity. This leaves a lot of other possibilities open for a so - called non - linear system. For
example, Hsie h (1989) divided the realm of non - line ar dependencies into three categories.

Additive non - linearity, also known as non - linear - in - mean, enters a process through its mean
or expected value, so that e ach element in the sequence can be expressed as the sum of zero -
mean random element and a non - linear function o f past elements
1

. With multiplicative non -
linearity,  or non - linear - in - variance, each element can be expressed as the product of a zero -
mean random element and a non - linear function of past elements, so th at the n on - linearity
affects the process through its variance
2

. The final cate gory is known as hybrid dependence,
in which non - linearity enters through both the mean and the variance
3

.

Testin g for non - linearity has become extremely popular in the financia l econometrics
literature in recent years, though the focus is on financial markets of deve loped countries. In
principle, testin g for non - linearity can be viewed as general test of model adequacy for linear

1

     The non - linear movi ng a ve ra ge model, the thre shol d autore gre ssi ve model and the bilinear model are
exa mple s of additi ve depe nde nce.

2

     The ARCH - t ype models are e xa mple s of mul tiplicati ve de pendence.

3

     The ARCH - in - t he - mea n a nd GARCH - in - t he - mea n a re examples of h ybri d de pe nde nce.

models (Hinich and Patterson, 1989) and it has be en argued that if the underlying generating

process for a time series is non - linear in nature, then it would be inappropriate to employ

linear methods. For instance, most of the widely applied statistical tests like the unit root or

stationary tests, the G ranger causality test and the cointe gra tion test are all build  on the basis

of linear autore gressive model. Taylor and Peel (1997) and Sarno (2000), amongst others,

illustrated that the adoption of linear stationarity tests are inappropriate in dete ctin g m ean

reversion if the true data generating process is in fact a stationary non - linear process. On the

other hand, the Monte Carlo simulation e vidence in Bierens (1997) indicated that the standard

linear cointe gration framework presents a mis - specification p roblem when the true nature of

the adjustment process is non - linear and the speed of adjustment varies with the magnitude of

the disequilibrium. Thus, if the underlying process of a time series is indeed non - linear in

nature, one would have to resort to em pirical method s like non - parametric cointegration test

due to Bierens (1997), non - linear stationarity tests (Sarno, 2001; Chortareas et al. , 2002;

Kapetanios et al. , 2003) and non - linear causality test (Baek and Brock, 1992). To sum, testing

for non - linear ity is gainin g popularity amon g researchers as a preliminary d ia gnostic tool to

determine the nature of the data generating process before any further empirical analysis.

Over the past few decades, numerous studies have d ocumented the existence of non - li near

dependencies in exchange rates returns series (see, for example, Hsieh, 1989; De Grauwe et

al ., 1993; Steurer, 1995; Brooks, 1996). The stock markets have also attracted the attention of

researchers with substantial evidence supportin g the presence of  non - linearity in stock returns

series (see, for example, Scheinkman and LeBaron, 1989; Hsieh, 1991; Abhyankar et al. ,

1995, 1997; Barkoulas and Travlos, 1998; Opong, et al.,  1999). However, much of this

evidence has been drawn from the widely traded finan cial markets of well - de veloped

countries. Though more e fforts are now bein g directed towards the ASEAN foreign exchange

marke ts and stock markets in light of their increasing importance to the investment world and

the world economy, to the knowledge of the  writers, most of the earlier empirical studies on

ASEAN financial markets have taken the linear assumption as granted.  In views of the

profound imp lication that testing for non - linearity has on model adequacy, th is stud y attempts

to bridge the gap in the  literature by addressing the issue of whether the ASEAN financial

marke ts are governed by non - linear dynamics.

This paper is organ ized as follows: Section II provides a brief re view on the methodology

commonly used in non - linear literature. This is foll owed by a description on the methodology.

Section IV presents the empirical results as well as the analysis of the findings. Finally,

concluding remarks are given at the end of the paper.

II.  A REVIEW ON METHODOLOGY

Most of the empirical stud ies in t he lite rature have e xtensively applied the Bro ck - Dechert -

Scheinkman test ( henceforth refer to BDS test ) in testin g for non - linearity in financial time
series data
                                                                      4

                                                                            (see, for exa mple, Scheinkman and LeBaron, 1989; Hsieh, 1989, 1991; De

Grauwe et al. , 1993;  Steurer, 1995; Abhyankar et al ., 1995, 1997; Brooks, 1996; Barkoulas
and Travlos, 1998; Opong et al. , 1999; Mahajan and Wagner, 1999). However, the BDS

(Broc k, et al. , 1996) test does not provide a direct test for non - linearity because the sampling
distri bu tion of the BDS test statistic is not known, either in finite samples or asymptotically,
under the null hypothesis of non - linearity. The rejection of the null of independent and
identical distribution (i.i.d.) in the BDS test can be due to non - white line ar and non - white
non - linear dependence in the data. Thus, the effects of linear serial dependencies have to be
filtered out by fitting the best possible linear model before the BDS test can be applied to
detect an y non - linear departure from the i. i.d. null .  However, there is a lways the concern that
the rejection of the null by the BDS test could be due to the possibility of imperfect pre -
whitening. This concern is well directed since much of the Monte Carlo research that has been
published on the BDS test ( see example, Brock e t al . ,  1991) has emphasized the pre - testing
issue and the potential dependence of the properties of the test on the prior linear filter. Some
of the test´s sensitivity to non - linearity could be a result of rema ining linear d ynamics in t he
data.

Another popular non - linear test is the Hinich bispectrum test (Hinich, 1982), which involves
estimating the bispectrum of the observed time serie s (see, for example, De Grauwe et al. ,

1993; Abhyankar e t al ., 1 995; Brooks, 1996; Vilasuso and Cunni ngham, 1996). Unlike the

BDS test, the Hinich bispectrum test provides a direct test for a non - linear generating
mechanism, irrespective of any linear serial dependencies that might be present. Thus, pre -
whitening is not necessary in using the Hinich appro ach. Even if pre - white ning is done
anywa y, the adequacy of the pre - whitening is irrelevant to the validity of the test. Ashley et
al.  (1986) presented an equivalence theorem to prove that the Hinich linearity test statistic is
invariant to linear filterin g  of the data, even if the filter is estimated. Thus, the linearity test
can be applied to the original returns series, or to the residuals of a linear model with no loss
of power.

4

     The growi ng populari t y of t he BDS test has witnessed it s inc orporati on i nt o c ommerc ial statistical
pac ka ge of E - Vie ws ve rsi on 4.0.

While the re jection of the null of linearity in the Hinich bispectrum tes t provides a strong

support for the presence of non - linearity (Barnett et al. , 1997), the evidence gives researchers

little clue as to what the appropriate functional fo rm for the resultant non - linear model should

be. This is basically due to its portmante au or general nature, that is it does not have a specific

alternative hypothesis. Lukkonen et al.  (1988) developed a linearity test (henceforth refer to

LST  test) to test for the null of no non - linearity a gainst the alternative of Smooth Transition

Autoreg ressive (STAR) type non - linearity. Sarantis (1999), Taylor and Peel (2000), Sarno

(2000), Baum et al.  (2001), amongst others, have demonstrated the usefulness of LST  test in

detecting non - linear behaviour of exchan ge rates series.

III.  METHODOLOGY

Th e Data

The Association of Southeast Asian Nations (ASEAN) comprises Brunei Darussalam,

Cambodia, Indonesia, Laos, Malaysia, Myanmar, the Philippines, Singapore, Thailand and

Vietnam. However, this study focuses only on Indonesia, Malaysia, the Philippines ,

Singapore, and Thailand (hereafter denotes as ASEAN - 5). One main consideration is data

availability of the selected member countries.

The daily spot exchange rates for ASEAN - 5 currencies (expressed as the price of a countrý s

currenc y in terms of the U. S. dollar) are employed in this study, with different sample period

due to data availability. The daily data of Singaporean dollar (SGD/USD) and Thai baht

(THB/USD) spans from Ja nuary 2, 1990 to December 31, 2002. However, the sample period

for Malaysian r inggit (MYR/USD) is up to 31 August 1998. The period after this is excluded

from the current study because Malaysia adopted a fixed ringgit re gime from September 1,

1998. At the time of writing, the Mala ysian ringgit peg at 3.80 to the U.S. dollar has held

firm. As for Indonesian rupiah (IDR/USD) and the Philippines peso (PHP/USD), the sample

period covers November 16, 1995 to December 31, 2002.

The daily data of Singapo rean dollar (SGD/USD), Malaysian ringgit (MYR/USD) and Thai
baht (THB/USD) used in thi s study are drawn from the Federal Re verse Statistical Release
5

.

The source for the Indonesian rupiah (IDR/USD) and the Philippines peso (PHP/USD) daily
rates comes from the Pacific Exchange Rate Service
6

.

As for ASEAN - 5 stock ma rkets, the data consist o f d aily closing prices for all five ASEAN
stock market indices:  Jakarta Composite Index (JCI), Kuala Lumpur Composite Index

(KLCI), Philippines Composite Price (PCOMP), Sin gapore Straits Times Inde x (STI) and

Stock Exchange of Thai (SET). The data are col lected from Kuala Lumpur Sto ck Exchan ge

(KLSE) and cover the sample period from 2 January 1990 to 31 October 2001. All the indices
are denominated in local currenc y units.

In this study, both the exchange rates and stock indices are transformed into a series of
continuously compounded percentage returns (
t

r

), usin g the relationship:

                                                      t

                                                 r

                                                               = 100* ln(

1

/

-
t
t

P

P

)                   (2)
where

                                                    t

                                            P

                                                          is the closing price (exchange rate or stock index) on da y t , and

1
-
t

P
the price

(exchange rate or stoc k index) on the previous trading day.

Hinich Bispectrum Test

Hinich (1982) laid out a statistical test for determining whether an observed stationary time
series (

                                                      t

                                               y

                                                            ) is linear. It is possible that
t

y

 is linear without bein g Gaussian
7

, but all of the

5

     These dail y data are obtained f rom the Federal Reserve Board´s official website at
http://www.federalreserve.gov/r eleases/H10/hist  on 19/3/2003. The H.10 release contains daily rates of exchange
of major currencies against  the U.S. dollar.

6

     Thes e daily data are obtained from t he web location of Pacific Exchange Rate Service at
http://pacific.commerce.ubc.ca/xr/data .html  on 19/3/2003.

7

     When the  di st ri buti on of {

1

n

y

, �,

N

n

y

} is multi va riate normal for all

1

n

, �,

N

n

, the n the se ries i s
called Ga ussian.

stationary Gaussian time series are linear.  The Hinich bispectrum test in volves estimatin g the

bispectrum of the observe d time ser ies, which is the double Fourier transform of the third -

order cumulant function.

In  this section, we present a brief descrip tion of the testing procedures presented by Hinich

(1982). Let

                                                                                t

                                                                         y
                                                                                       denote a third order stationary time series , where the time unit, t , is an inte ger.

The third - order cumulant function of

t
y
 is defined to be

]

[

)

,

(

t
m
t
n
t
yyy
y
y
y

E
n
m

C

+

+

=

 for

each ( m , n ) when E[

t

                                                                                                                        y
] = 0, in which n  <  m  and  m  = 0, 1, 2,�

Since third - order cumulant s are difficult to interpre t, and their estimates are even difficult to

fathom, the double Fou rier transform of the third - order cumulant function (called the

bispectrum) is calculated.

The bispectrum at frequency pair (

2

1

, f
f
) is the dou ble Fourier transform of

)

,

( n
m

C

yyy

:

å å

¥

-¥

=

¥

-¥

=

+

-

                                                                                                                   =

n m
yyy

                                                             y
n
f
m
f
i
n
m

C

                                                                                              f

                                                                            f

                                                  B )]

(

�

2
exp[

)

,

(

                                                                                                          )

                                                                                      ,

                                                                   (

2

1

                                                                                                       2

                                                                                 1

                      (3)

assuming that |

)

,

( n
m

                                                                                                   C

                                                                                                               yyy

| is summable. The symmetries of

)

,

( n
m

C

yyy
translate into

symmetries of

)

,

                                                                                                                (

2

1
f
f

                                                                                               B

                                                                                                         y
that yield a principal domain for the bispectrum, which is the

triangular set }1

2

,

,

2

1

                                                                                                                   0

                                                                                                             {

2

1

1

2

1

<

+

<

<

<

                                                                                                 =

                                                                                 W

f
f
f
f
f .

Since the spectrum of

t
y
 is

2

2

u

)

(

1

)

( f

A
f

S

y

=

 , it follows that:

6

u

2

3

2

1

2

1

2

2

1

                                                                                                         2

                                                                                    1

                                                                2

1

�

)

(

)

(

)

(

)

,

(

                                                                                                                )

                                                                                          ,

                                                                       (

                                                     %

=

+
º

f
f

S
f

S
f

S
f
f

B

                                                                                                   f

                                                                                f

y
y
y
y

                          (4)

for all

                                                  1

                                             f
                                                         and

                                                                                             2

                                                                                        f
                                                                                                      in

W

, where
å

¥

=

-

=

0

)

�

2
exp(

)

(

)

(

n
n
f
i
n
a
f

A . The left hand side of Equation

(4) defines the square of the skewness function of {

t
y
,

)

,

(

%

2

1
f
f
}. Linearity and Gaussianity

This null hypothesis ma y be tested using LST statistic based on the following estimation
procedure:

                        (i)  Re gress
t

y

 on {1,
i
t

y

-

; i  = 1, �, p}. Obtain the estimated residuals
t

�

�
and

                                                                       compute the residual sum of squares, SSR

L

=

å

=

T

2

1

�

�
t

t

                        (ii)  Re gress
t

�

�
on {1,
i
t

y

-

,
d
t
i
t

y
y

-

-

,
2
d
t
i
t

y
y

-

-

,
3
d
t
i
t

y
y

-

-

}. Obtain the resulted

                                                                       residuals
t

& �  and compute the residual sum of squares SSR

N

=

å

=

T

2
t

1

& �
t

                        (iii)  Compute the test statistic

L

N

L

SSR

SSR

SSR

                                                                                                                     T

                                                                          LST

)

(
-

                                                                                                        =

                     (9)
where T  is the sample size. LST  has an asymptotic
2
c
distribution with 3 p  degrees of freedom

(Luukkonen et al. , 1988). If the computed LST  sta tistic is large enough, one has sufficient
evidence to reject the linear null thereb y implying
t

y

 follows a non - linear dynamics.

Note that the optimal lag len gth, p  and the delay parameter, d  have to be determined in
advance. Followin g Taylo r and Peel (2000), this study fixes the optimal p  as su ggested b y
partial a utocorrelation functions (PACF). The linearity test is performed for a class of d  that
ranges from 1  to 12. The optimal d  is chosen from the one that minimizes the p - value of the

LST test statistic.

IV.  EMPIRICAL RESULTS

Before proceed to the formal testing of non - linearity, we conduct the preliminary analysis on
the ASEAN - 5 exchan ge rates and stock returns series in order to get a better view of some of
the important statistical features.

Table 1 provides summary statistics for all the ASEAN - 5 excha nge rates returns series. The

means are quite small. The range of daily chan ges, however, is relative high.  Moving be yond

the basic mean and standard deviation measurements to higher - order moments, the skewness

statistics show that all the returns series a re asymme try. The MYR, SGD and PHP exhibit

some degree of negative or left - skewness while THB and IDR are right - skewed. On the other

hand, the distributions of returns for all the series are highly leptokurtic, in which the tails of

its distribution taper down to zero more gradually tha n do the tails of a normal distribution.

Not surprisingly, given the non - zero skewness levels and excess kurtosis demonstrated within

these series of returns, the Jarque - Bera ( JB ) test stron gly re jects the null of normality f or all

the ASEAN - 5 exchange rates returns series. These results conform to the consensus in the

literature that the distributions of exchange rates returns series are non - normal (see, for

example, Hsieh, 1988; Steurer, 1995; Brooks, 1996). Similar statisti cal properties are found in

the stock returns series of ASEAN - 5, which is provided in Table 2.

Table 1

                                                                       Summary Statistics for ASEAN - 5 Exchange Rates Returns Series

IDR

MYR

PHP

SGD

THB

 Sa mple Period

16/ 11/ 1995

31/ 12/ 2002

2/1/1990

31/ 8/ 2001

16/ 11/ 1995

31/ 12/ 2002

2/1/1990

31/ 12/ 2002

2/1/1990

31/ 12/ 2002

 No. of observati ons  1759  2179  1773  3267  3210

 Mean  0.078  0.020  0.040  - 0.003  0.016

 Me dia n  0.017  0.000  0.008  0.000  0.000

 Ma xi mum  30. 189  7.196  7.176  2.762  20. 769

 Mini mum  ˘  23.316  ˘  9.157  ˘  12 .518  ˘  4.144  ˘  6.353

 Std de via ti on  2.512  0.695  0.776  0.356  0.753

 Ske wness  1.172  ˘  0.084  ˘  1.304  ˘  0.908  6.185

 Kurt osis  34. 783  43. 141  54. 518  20. 905  196.243

 JB  normalit y test stati stic

 p - val ue

7.444

4
10

´

(0. 000)*

1.463

5
10

´

(0. 000)*

1.966

5
10

´

(0. 000)*

4.409

4
10

´

(0. 000)*

5.015

6
10

´

(0. 000)*

 Note: * de note s extremel y s mall p - value.

Table 2

                                                                                                       Summary Statistics for ASEAN - 5 Stock Returns Series

JCI

KLCI

PCOMP

STI

SET

Sa mple Period

2/1/1990

31/ 10/ 2001

2/1/1990

31/ 10/ 2001

2/1/1990

31/ 10/ 2001

2/1/1990

31/ 10/ 2001

2/1/1990

31/ 10/ 2001

No. of observati ons  3087  3087  3087  3087  3087

Mean  ˘

0.001  0.002  ˘

0.003  0.005  ˘  0.038

Me dia n  0.000  0.000  0 .000  0.000  0.000

Ma xi mum  13. 128  20. 817  16. 178  14. 868  11. 350

Mini mum  ˘

12.732
˘

24.153  ˘

9.744  ˘

9.672  ˘

10.028

Std de via ti on  1.558  1.7153  1.6653  1.358  1.889

Ske wness  0.485  0.461  0.5571  0.201  0.287

Kurt osis  14. 195  36. 898  11. 558  14. 070  7.432

JB no rmalit y test stati stic

( p - val ue)

1.624

4

10
´

(0. 000)*

1.479

5

10
´

(0. 000)*

9.580

3

10
´

(0. 000)*

1.578

4

10
´

(0. 000)*

2.569

3

10
´

(0. 000)*

  Note:  * denote s ext re me l y small p - val ue.

Hinich Bispectrum Test

Subsequently, the Hinich bispectrum test is applied on the ASEAN - 5 exchange rates and
stock returns series. The second column of Table 3 and Table 4 respectively report the results
of the bispectrum Gaussianity  test on both sets of financial time series data. It is obvious that
the null is strongly rejected in each of the return series, which confirms the non - normality of
the returns series suggested b y Jarque - Bera  normality test obtained earlier in Table 1 and

Table 2.

Table 3

                                                        Bispectrum Test Results for ASEAN - 5 Exchange Rates Returns Series

           Series

Gaussianity Test Results

( p - value)

Linearity Test Results

( p - value)

           IDR

0.000*

0.006

           MYR  0.000*  0.006

           PHP  0.000*  0.010

           SGD  0.000*  0.006

           THB  0.000*  0.006

                Note:  Bot h test stati stics a re dist ri buted a s N(0, 1) a nd are  ta ken as a one - si ded te st.

                                         * denotes e xtremel y small value.

Table 4

                                                                                        Bispectrum Test Results for ASEAN - 5 Stock Returns Series

           Series

Gaussianity Test Results

( p - value)

Line arity Test Results

( p - value)

           JCI

0.000*

0.006

           KLCI  0.000*  0.006

           PCOMP  0.000*  0.028

           STI  0.000*  0.006

           SET

0.000*  0.036

                Note:  Bot h test stati stics a re dist ri buted a s N(0, 1) a nd are  ta ken as a one - si ded te st.

                                         * denotes e xtremel y small val ue.

Although Gaussianity and linearity tests are linked, a rejection of Gaussianity does not

necessarily rule out linearity. If the underlying return series are linear, but not Gaussian, then

the sample dispersion of

2

,

�
2

n
m
y
should not di ffer significantly from the population

dispersion of ),2($

                                                                                            2 l

                                                                                                                        �

, where

{ }

2

/

�

-

=
P

S
l

�

. The linearity test statistics examine whether

the sample dispersion is significantly different from that of

)

,

2

(

$

2

2
l

�

. The third column  of

Table 3 reports the p - value for the 90 percent quantile bispectrum linearity test. The results

reject the null hypothesis of a linear generatin g mechanism even at the 1% level of

significance. This indicates the existence of non - linear dependencies wit hin the daily returns

series of the ASEAN - 5 exchange rates under investigate. Similarly,  the bispectrum linearity

test results in Table 4 reveal strong e vidence of non - linearity in  all the ASEAN - 5 stock

returns series. It is importa nt to note that the reje ction of the null of linearity in the bispectrum

test is a strong support for the presence of non - linearity (Barnett et al. , 1997).

Lukkonen - Saikkonen - Teräsvirta Test ( LST Test)

The LST  test results for the returns series of exchange rates and stocks o f ASEAN - 5 countries

are summarised in Table 5 and 6 respectively. Table 5 shows that the null of no non - linearity

has been strongly re jected (significant at 1% level) in all the exchange rates re turns series

under study. Thus, the findings based on LST  tes t reinforce our conclusion drawn from the

Hinich Bispectrum test that exchange rates exhibit non - linear  dependencies.

As for the ASEAN - 5 stoc k returns series, the null of no non - linearity has also been stron gly
rejected at standard significance level on the basis of LST  test, indicating that the behaviour
of all stock returns series in this re gion are also non - linear in nature. Again, this finding is in
line with the earlier Hinich Bispectrum test.

Table 5

                                               LST  Linearity Test Results for ASEAN - 5 Exchang e Rates Returns Series

          Series
p
a
d
b

LST statistic
p  value

          IDR

11  1  423.151  0.000*

          MYR  10  1  321.312  0.000*

          PHP  12  1  210.127  0.000*

          SGD  12  2  306.760  0.000*

          THB  10  10  931.239  0.000*

            Notes:
                                                             a

                                                                    The opti ma l aut ore gre ssive lag length p i s de termi ned by i nspecti ng the P ACF of the

                                                                       serie s.

                                                            b

                                                                    The optimal dela y pa ramete r d  is c hosen from the one t ha t minimizes the p  val ue of the

                                                                       i mplie d LST  ( Luukkonen et al., 1988)
statist ic.

                                           * denote s ext re mel y smal l value.

Table 6

                                                                               LST  Linearity Test Results for ASEAN - 5 Stock Returns Series

       Series
p
d
LST statistic
p  value

       JCI

1  1  104.926

0.000*

       KLCI  6  12  607.156  0.000*

       PCOMP  1  12  12.774  0.001*

       STI  1  1  66.353  0.000*

       SET  1  12  32.111  0.000*

            Notes:  Refer Ta ble 5.

V. CONCLUSIONS

The outcomes of our econometric in vestigation usin g the Hinich bispectrum test provide
strong support for the presence of non - linearity in all the ASEAN - 5 exchan ge rates and stock

returns series. It is importa nt to note that the rejection of the null of li nearity in the bispectrum

test is a stron g support for the presence of non - linearity (Barnett et al., 1997). Further

application of the LST test reinforces our conclusion that the financial time series data of

ASEAN - 5 exhibit non - linear dependencies. Besid es complementin g the Hinich bispectrum

test, the results from the LST test suggest that all the  returns series under investigate in th is

study (ASEAN - 5 exchange rates and stock retu rns series)
follow STAR - type non - linea r

process.
                                                       Thus, these findings add t o the current literature that financial markets are gove rned

by non - linear d ynamics, even in developing countries like ASEAN.

As mentioned earlier, if the underlyin g generating process for a time series is non - linear in

nature, then it would be inappropr iate to employ linear methods. On one hand, the results

highlight the fact that rese archers cannot take the linear assumption as granted,  especially

dealing with financial time series data. On the other hand, it points to the need to test for non -

linearity  as a preliminary dia gnostic tool to determine the nature of the data generating

process before any further empirical analysis. This study has strong implication on the

empirical work of ASEAN - 5 financial markets. Specifically, the results sugge st the use of

empirical methods that is more robust if the data generating process is non - linear, such as

non - parametric cointegration test due to Bierens (1997), non - linear stationarity tests (Sarno,

2001; Chortareas et al. , 2002; Kapetanios et al. , 2003) and non - li near causality test (Baek and

Brock, 1992).

REFERENCES

Abh ya nkar, A. H., Copela nd, L. S. and Won g, W. (1995) Nonli near d yna mics in real - time equi t y ma rket

                                   indices: e vi dence from the United Ki ngdom. Ec onomic Journal,  105, 864 - 880.

Abh ya nkar, A. H., Copela nd, L. S. a nd Wong, W. (1997) Unc ove ri ng nonlinea r st ructure  in real ti me

                                   st oc k ma rket  indexes:  the  S& P 500, the  DAX, the Ni kkei 225, a nd the  FTSE 100. J ournal  of

                                   Business and Economic St ati stics, 15, 1 - 14.

Ashle y,  R. A., Patte rson, D. M. and Hinich, M.J. (1 986) A dia gnostic test for nonlinear se rial

                                   depe ndence i n time se rie s fitti ng errors. Journal of Ti me Se ries Analysi s , 7, 165 - 178.

Baek, E. and Broc k, W. (1992) A gene ral te st for non - l inear Granger ca usa lit y:  bi va riate model.

                                   Worki ng Pa pe r. Iowa Sta te Uni versit y and Uni versit y of Wisconsin at Madison.

Barkoula s, J. and Tra vl os, N.  (1998) Cha os i n a n e me rging capital ma rket?  The case of the At hens

                                   St ock Exc ha nge. Applied Financial Economics , 8, 231 - 243.

Barnett, W.A., Galla nt, A.R., Hi nic h, M.J., Jungeil ges , J ., Kaplan, D. and Jense n, M.J. (1997) A si ngle -

                                   bli nd c ont rolled c ompetiti on a mong te sts for nonlinearit y and cha os. J ournal of Econometrics ,

                                   82, 157 - 192.

Barnett, W.A. and Se rleti s, A. (2000) Ma rtingales, nonlinearit y, a nd c ha os. Journal of Economic

                                   Dyn amics and Control , 24, 703 - 724.

Baum, C. F., Ba rkoulas, J.T. and Ca gla ya n, M. (2001) Non - linear a djust me nt t o P urcahsi ng Powe r

                                   Parit y i n the post - Bret ton Woods era. J ournal of Inte rnati onal Money and Finance , 20 , 379 - 399.

Biere ns, H.J. (1997) Nonpara metric  c ointe grati on a nal ys is. Journal of Econometrics , 77, 379 - 404.

Broc k, W. A., Dec he rt, W. D., Schei nkma n, J.A. and Le Ba ron, B. (1996) A test for i ndependence ba se d

                                   on t he c orrelati on di me nsi on. Economet ric Reviews , 15, 197 - 235.

Broc k, W.A., Hsieh, D. A. and Le Ba ron, B. (1991) Nonlinear dy namic s, chaos, and i nst ability :

                                   stat istic al t heory and economic evidence . Ca mbri dge: MIT Pre ss.

Brooks, C. (1996) Te sti ng for non - l inearit y i n dail y Ste rli ng e xchange rate s. Applied Financi al

                                   Economic s , 6, 307 - 317.

Ca mpbell, J. Y., Lo,  A.W.  a nd MacKi nla y,  A. C. (1997) The  ec onometrics of financial markets .

                                   Princeton: Princet on Uni ve rsit y Press.

Chorta reas, G.E., Kapeta nios,  G. and Shin, Y. C. (2002) Non - linear mea n re versi on i n real excha nge

                                   rates. Ec onomic Letters , 77, 411 - 417.

De  Gra uwe, P., De wac hter,  H. and E mbrechts, M. (1993) Exc hange rate t he ory : c haotic models of

                                   forei gn exchange market s.  Oxford: Blac kwe ll.

Hinic h, M.J. (1982) Te sting for Gaussia nit y a nd linea ri t y of a sta ti ona ry time se rie s. Journal of Ti me

                                   Serie s Analysis ,  3, 169 - 176.

Hinic h, M.J. and Patterson, D. M. (1989) E vide nce of nonlinea rit y in the tra de - by - t ra de  stoc k market

                                   ret urn genera ting process. In W. A. Barnett, J. Ge we ke, a nd K.  Shell (ed.)  Economic c omplexity :

                                   chaos, sunspots, bubble s and nonlinearity -  inter nat ional symposi um in ec onomic the ory and

                                   econometrics, pp. 383 - 409. Ca mbri dge: Ca mbridge Uni versity Press.

Hsieh, D. A. (1988) The stati stical prope rties of dai l y forei gn exc ha nge  rates:  1974 - 1983. J ournal of

                                   Inter national Economics ,  24, 129 - 145.

Hsieh, D. A. (1989) Testi ng for non - linearit y i n dail y forei gn e xchange rate changes. Journal of

                                   Business , 62, 339 - 368.

Hsieh, D. A. (1991) Chaos and nonlinea r dynamic s: a pplication t o fina ncial ma rkets. Journal of

                                   Finance , 46, 1839 - 1877.

Kapeta nios, G., Shi n, Y. C. a nd Snell, A. (2003) Testi ng for a unit root  i n t he nonli near STAR

                                   fra me work. J ournal of Econometrics , 112, 359 - 379.

Luukkonen, R., Sai kkone n, P. and Te rä svirta, T. (1988) Testing linearit y a gai nst Smooth Transiti on

                                   Aut ore gressive models. Biome trika , 75 , 4 91 - 499.

Ma ha jan, A. and Wa gne r, A.J . (1999) Nonli near d yna mics in foreign exc ha nge rate s. Global Fi nance

                                   Journal , 10, 1 - 23.

Opong, K.K., Mulholla nd, G., Fox,  A. F. a nd Fa rahmand, K. (1999) The be ha vi or of some UK e quit y

                                   indices: a n application of Hurst and BDS te sts. J ournal of E mpirical Fi nance , 6, 267 - 282.

Pesa ran, M. H. a nd Potter, S.M. (1993) Nonli near dyna mic s, cha os and ec onometric s: an int roduction.

                                   In M. H. Pesara n a nd S. M. Potter (eds.)  Nonlinear dynamic s, chaos and ec onomet rics , pp. vii - xiii.

                                   New York : J ohn Wile y & Sons.

Sa rantis,  N. (1999) Modeli ng non - linearitie s i n real e ffec ti ve e xcha nge ra tes. J ournal  of Internati onal

                                   Money and Finance , 18 , 27 - 45.

Sa rno, L. (2000) Real e xc hange rate  be ha viour in high inflati on c ountries: e mpirical e vide nce from

                                   Turke y, 1980 - 1997. A pplied E conomic s Letters , 7, 285 - 291.

Sa rno, L. (2001) The be ha vior of US public de bt: a nonl ine ar perspective. Economics Let ters , 74, 119 -

                                   125.

Sc heinkman, J. and Le Baron, B. (1989) Nonlinea r dyna mics and stoc k ret urns. Journal of Busi n ess,  62,

                                   311 - 337.

Steure r, E. (1995) Nonlinea r modeling of the DE M/ USD e xcha nge rate. In A. P. Re fene s (ed.) Neural

                                   networks i n the c apital market s,  pp. 199 - 211. Ne w York: J ohn Wile y & Sons.

Ta ylor, M. P. a nd Peel,  D.A. (1997) Nonlinea rities in rea l e xchan ge rate a djus tme nt duri ng the recent

                                   fl oat: e mpirical e vide nce and Monte Carl o anal ysis. Di scussion Pa pe r. Institute of Ec onomics

                                   and Statistics, Unive rsit y of Oxford.

Ta ylor, M.P. and Peel, D. A. (2000) Non - l inear adjustment , long - run equilibrium a nd e xch a nge rate

                                   funda menta ls. Journal of Internat ional Money and Fi nance , 19 , 33 - 53.

Te räsvirta, T. (1994) Specification, estimati on, a nd e val uation of Smoot h Tra nsition Autore gressi ve

                                   model s. Journal of the A merican St atistical Associ ati on , 89, 208 ˘ 218.

Vila sus o, J. and S. Cunningha m (1996) Tests for nonlinearit y i n E MS e xcha nge rate s. Studies in

                                   Nonline ar Dynamics and Econometric s , 1, 155 - 168.

van Di jk, D., Te räsvirta, T., Franses, P. H. (2001) Smoot h Transiti on Aut ore gressive models: a surve y

                                   of rece nt de velo pme nt s. SSE/ E FI Wor king pape r in Ec onomics a nd Fi nance, No. 380.