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Nonlinear Event Detection in the Chilean Stock M ar ket

Abstract

This paper search for economic and political evémas might explain the episodic
nonlinearities detected in the returns series efChilean stock market index. This
methodology is a reverse form of event study. Afsgplying the Hinich
portmanteau bicorrelation test to detect episode®nlinear behavior of the index,
we investigate what might be the explanation of tiehavior. Our findings might
help to explain the difficulty to forecast assdtras. We also shed some light into
the major political and economic events that cbates to the numerous short burst

of nonlinear dependence in the Chilean stock market
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l. I ntroduction

Since the pioneering work of Hinich and Pattersi#86), there has been growing evidence that
stock market returns presents sporadic nonlindaaber. We find studies of nonlinearity across
developed and developing capital markets. Therexamples of studies in developed capital
markets like the US (Hinich and Patterson, 1985e8tkman and LeBaron, 1989; Hsieh 1991);
the UK (Abhyankar et al, 1995; Opong et al, 199%) &ermany (Kosfeld and Robé, 2001), while
examples for developing capital markets are Taip¢danmerman and Patterson, 2003); Turkey
(Antoniou et al, 1997); several Asian stock markkis and Hinich, 2005a); and several Latin

American stock markets (Bonilla et al, 2006).

In spite of the existence of worldwide evidenceoflinear behavior of stock market returns,
there is little knowledge about the factors betilnid behavior. Hence, the aim of this paper is to
shed further light into this widely observed episdéature of financial time series. In order to do
that, we use a reverse form of event study in #imeesspirit of Brooks et al (2000) and Lim and
Hinich (2005b). This methodology has two stepssti-ive apply the Hinich portmanteau
bicorrelation test to detect episodes of nonlifesdravior of the Chilean index. Second, we
investigate what might be the major economic ardigal event that explains that behavior. We

expect that our findings will help to explain whysd so difficult to forecast asset returns.

The Chilean economy is a small and open economykMfwith a small economy facilitates the
identification of important economic and politi@aients. Another characteristic of the Chilean

capital markets is its openness, which makes thiket highly integrated to the international



capital market. We observe that many of the Childage chip companies have issued ADR in the

US and that there are few restrictions to capi@ement in this small country.

On statistical grounds, this paper uses the windaesting procedure to apply the Hinich
portmanteau bicorrelation non-parametric test (¢hirand Patterson, 1995 and Hinich, 1996) in
the Chilean stock markets. This procedure divilesdata in frames to test for nonlinearity.
Examples of applications using similar methodolegiee Brooks (1996), Brooks and Hinich
(1998), Lim and Hinich (2005), and Bonilla et aD(®B). Brooks (1996) finds evidence of
nonlinearities in a set of ten daily sterling exofpa rates covering the entire post Bretton-Woods
era. Brooks and Hinich (1998) examine the episodiare of ten European exchange rates and
conclude that the nonlinear structure that is presethe data invalidate the GARCH specification
usually assumed in the study of exchange ratesanidHinich (2005), apply the windowed
testing procedure to fourteen Asian stock markeites and find several nonlinear episodes.
Bonilla et al (2006) encounters similar resultstfor seven most important Latin American stock

market indices.

Nonlinear episodes detected in the Chilean stackmendex would be the result of market
adjustment to unexpected local and internationatisy When new information arrives to the
market, it would generate a pattern of nonlineargpmovements relative to previous movements
since the traders are unsure of how to react, andehthey respond slowly. Moreover, we would
expect that regulatory changes that affect theapgipension funds (AFP) industry might cause

nonlinear behavior.



After identifying some windows of nonlinearity, v8earch for economic and political events that
might explain this behavior. There are some intarggesults in related papers. Ammermann and
Patterson (2003) find that the episodic dependantie Taiwan stock return index would be
directly attributable to changes in the price Isnihplemented during the year 1987 and 1988.
Brooks et al (2000) find that the nonlinear deperwglestructures in ten daily Sterling exchange
rates are highly localized in time, and that theuld be attributed to widespread upsets in the
currency markets and a changes in U.S. accountomegdures that affected U.S. firms with
business abroad. Finally, Lim and Hinich (2005k@nitify a number of key events that explain
seven nonlinear episodes in the Malaysian stockrrebdex, such as the Baring debacle, local

political en economic changes, and internationétipal and financial relevant news.

1. TheHinich Portmanteau Bicorrelation Test

In this section we briefly describe the windowest fgrocedure and the Hinich portmanteau
bicorrelation test statistic (denotedtastatistic). Let the sequencgf)} denote the sampled data
process, where the time ubit an integer. The test procedure employs nonlapeed data
window, thus ifn is the window length, then theth window is {y(ty), y(tx+1),.....,y(tktn-1)}. The
next non-overlapped window i§¢w+1), Y(tks1+1),..... y(tks1+n-1)}, wherety,; = tytn. The null
hypothesis for each window is th4t} are realizations of a stationary pure noise pssdbat has
zero bicorrelation. The alternative hypothesit&t the process generated within the window is
random with some non-zero bicorrelationg,/(€, s) = E[y(t)y(t+r)y(t+s)] in the set 0 € <s<L,

whereL is the number of lags that define the window.



The Hinich portmanteati statistics and its corresponding distribution‘are:
s-1

L.
H=22G(s ~Xwyw (1)

s=2 r=1

whereG(r,s)=(n—s)%CZZZ(r,s), andCZZZ(r,s):(n—s)'lnz_iZ(t)Z(t+r)Z(t+s) for 0<r<s.

t=1

TheZ(t) are the standardized observations, obtained lbyasting the sample mean of the window
and dividing by its standard deviation. The numifdagsL is specified at= n” with 0 <b < 0.5,
whereb is a parameter under the choice of the analyste@®an results from Monte Carlo
simulations (see Hinich and Patterson, 1995),¢éiemmended use of bbs0.4 in order to
maximize the power of the test while ensuring advapproximation to the asymptotic theory. In
this test procedure, a window is significant if thestatistic rejects the null of pure noise at the

specified threshold level.

I11. TheData

The analysis presented here is based on dailyfalathe IGPA, the Chilean stock market index.
The data was obtained from ECONOMATICA. The sangagod for the index is January 1990 to
September 2002. The data were transformed in tlenviog way: r, = In(pt/ pt_l), wherep, is

the closing price of the market stock index in day his standard transformation may be

interpreted as a continuously compounded dailyrmefsee Brock et al, 1991).

! For a mathematical derivation of this statistiod é#s small sample properties see Hinich and Raite(1995) and Hinich (1996)



Information about the major economic and politeatnts that may trigger episodic nonlinearities
was obtained from different sources: First, we usedthly reports obtained from the Chilean
Security Commission. Then, we study the Officiall$paper (a newspaper that publishes any
legal change and important information for the €duil business community). Finally, we search
international newspapers, available in the natipodlic library, to get information about

international events.

IV. Empirical Results

Before checking for episodes of nonlinearity, waoged linear dependencies by fitting an AR(p)
to the return series. Then, we may apply the Hibicbrrelation test to the residuals of the AR(p)
model. We do that to demonstrate that the nonsiatity is a consequence on nonlinearity, which

is episodically present in the data, rather théorma of linear dependence.

In order to apply the test, we divided the data et of non-overlapped window of 25 days. The
window length should be sufficiently long to validipply the test and yet short enough for the
data generating process to have remained roughistaot (Brooks and Hinich, 1998). The
portmanteau bicorrelation test is then appliechéoresiduals of the fitted AR(0) model. Table 1
presents the results for the bicorrelation tesiguie windowed test procedure for the IGPA
returns series. We see in the third column thaCthidkean index has fifteen windows where
significant nonlinearity is present, rejecting taedom walk hypothesis of the rate of returns for

the specific threshold level



<<|nsert Table 1 here>>

Interestingly, the percentage of significant windaf&1.81%) of the Chilean index is much larger
than the respective proportion found in other Eaeop Latin American or Asian indices, as has
been reported in previous studies (see Brroks anitii 2000, Bonilla at al, 2006 and Lim and
Hinich, 2005). This peculiarity of the Chilean markequires further research, and this paper

attempt to give some preliminary answers.

It has been proposed that the regulation of thelfignportant Chilean private pension funds
(AFP) industry may play a role in the episodic mosdrities that we found. Our findings give
support to this hypothesis since for several winglofwonlinearities there were events associated

with changes in the AFP regulations.

However, there are also important internationah&véhat may affect the behaviour of the Chilean
stock market (see the last column of Table 1).ex@mple, given the dependence of the Chilean
economy to commodity prices, we find that the slsdokoil and copper markets may help to
explain some episodes of nonlinearity (40% of théean exportations come only from cupper).

Moreover, the Chilean stock market index seem®tbighly affected by international crisis, such

2n this study the threshold level was set at OT®k level of significance is the bootstrapped thoéds that correspond to 0.01.



as the Gulf War, the Baring debacle, the War ofd<osand the attack to the Twin Towers. This
high sensitivity to international events may be tluthe high integration of the Chilean capital

market to the rest of the world (Parisi, 1996).

V. Conclusions

Using the Hinich portmanteau bicorrelation test,imeestigate the economic and political events
that may provoke the episodic nonlinearities detgcoin the return series of the Chilean stock
market index. We use a reverse form of event silndye same spirit of Brooks et al (2002) and

Lim and Hinich (2005b).

We found that the percentage of significant nom&indows (11.81%) of the Chilean index is
larger than what has been found in previous stutiEsapply the same methodology to European,
Latin American and Asian countriékhis paper attempts to give some preliminary answénis
peculiarity of the Chilean market, we find that s&veral windows of nonlinearity there were

events associated with changes in the AFP reguokatio

Moreover, there are also important internationands that affect the behaviour of the Chilean

stock market, among them the evolution of commeslifirices and international crisis.

The study of the Chilean stock market is intergstint only because the small size of this market
facilitate the identification of important econonaind political events, but also because this market

is highly integrated with the international capitaérket.



Our findings help explain why there are difficuttim forecasting asset returns. We also shed some
light on the major political and economic eventst ttontributes to the short burst of nonlinear
dependence in the Chilean stock market. Futurareiseshould definitely take a close look to the

individual stocks that cause these nonlinear episod
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Table 1

Windowed-Test Results for IGPA Returns Series

Fitted Total N° | Significant Dates of Key Events
AR(p) of H windows| significant H
windows windows
AR (0) 127 15 4/19 — 5/25/90 | The Central Bank initiate the operation of new fgneexchange
(11.81%) norms on 4/19/90. The Central Bank modify the poéibout foreign

8/8 - 9/13/90

8/14 - 9/21/92

10/26 - 11/30/93

8/10 - 9/14/94

2/8 - 3/14/95

4/20 - 5/25/95

7/8 - 8/11/97

3/23 - 4/27/99

9/27 - 10/26/99

10/27 - 12/1/99

2/16 - 3/22/01

8/20 - 9/26/01

9/27 - 11/2/01

12/10 - 1/16/02

direct investment on 5/16/1190

Kuwait is attacked by Irak. Increase the priceibfgnld and US
dollar on 8/3/90. Qil price is over US$30 per bhame 8/24/90

The Central Bank increases the interest rate andeposit reserve g
8/19/92. The Central Bank eliminates restrictionapital returns
and authorizes AFPs to invest at most 3% abros®/2192.

The copper price had the largest decrease in sipsy@n 10/27/93
The Finance Ministry and the Central Bank reducgirement of
foreign exchange operations on 9/9/94. Americaisle@rs are
unable to apply fast track to the US-Chile Freed&€rAgreement on
9/14/94.

Baring debacle: Asian markets push down the wanlainfcial market
on 27/2/95

AFPs can operate foreign investments under new $1iomb/11/95

South East financial crisis affect Latin Americamahcial markets on
7/16/97

OTAN starts attack to Yugoslavia due to Kosovo tonbn 3/25/99.
Commodities registered its lowest price in 159 gear 4/19/99.

There is concerns in the market for “bubble” in & stock market
on 9/28/99

Oil price increase to historical record in 9 ye&@q announces stop|
in export of oil on 11/23/99.

US attack Iraq on 2/16/01
The American Twin Towers are attacked on 9/11/01.

Afghanistan is attacked on 10/9/01. New Capital hdataw is
announced on 10/26/01

Federal Reserve reduces the interest rate to Westdevel in 40
years on 12/12/01. Argentinean President De larBsign on
12/21/01.
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