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Abstract: This study examines the stationary of ten Asiath fam emerging Foreign Exchange (FX)
rates during the 1990s. The paper employs the AntgdeDickey-Fuller (ADF) unit root test to the
following FX rates: Hong Kong Dollar (HKD) Japanegen (JPY), South Korean won (KRW) new
Taiwan dollar (TWN), Chinese Renminbl (CHR), Indsi@zeRupiah (IDR), Malaysian Ringgit (MYR),
Singapore Dollar (SGD), Thai Bhat (THB), Philippt Peso (PHP), Argentine Peso (AGP), the
Brazilian Real (BRR), Mexican Peso (MXP) and RussiRouble (RUR). Structural break is taken
into account for series found to be non-stationaing thé! test. The results show that exchange rate
series were found to be non-stationary exceptiferiGhinese Renminbi, Mexican and Argentina pesos.
Furthermore, the robustness test indicates thafDie test is robust across different data frequesici
for most series we examined finally; we find theick of structural break data is crucial in testingt
stationary for most series examined.
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INTRODUCTION series is non-stationary. The most commonly used

formal tests of stationarity are the Augmented Bick

It has been well-documented that non-statinarityFuller (ADF) unit root test. HowevéY, suggests that
has several important implications in analyzing €im widespread evidence of unit roots in many long-run
series dafd*® suggests the Ordinary Least Squaremacroeconomic time series may be due to structural
(OLS) regression technique becomes invalid wherchange in their deterministic trend function. The
applied the variables that are non-stationary. 8&ing  omission of structural change variables from an ADF
non-stationary variable results in high R2 andequation can bias the ADF test statistic and lead

significant t-statistics but the results are ecoivaity ~ towards the non-rejection of a unit root. HeHte,

meaningless, a symptom known as “spurious’developed a formal procedure to test for unit raots
regression. This is because OLS estimates in sudie presence of a onetime structural change with

regression do not converge to contents and therefordummy variables.

the usual t and f ratio test statistics do not hthe Previous empirical research on stationery has
limiting distributions thus generating spurious been conducted using major Foreign Exchange (FX)
inference®’. rates and report strong evidence of a unit root in

Visual inspections of the autocorrelation functionnominal exchange rates examiffedFound that the
are the simplest form of determining whether timelogarithm of weekly nominal exchange rate is
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difference stationary and has since become théhat have driven exchange rates as most of thesksh
cornerstone in the empirical testing of stationafy have been expected to be permaf@nt
time series data. Recent researcl fyalso strong Most studies cited above mainly focus on the
evidences of unit roots in nominal exchange ratenominal exchange rate in major currencies. Litthes h
studie§®. Compare the difference stationary of been examined on the Asian and emerging markets.
nominal exchange rate for United Kingdom, CanadaThe Asian and emerging FX rates can behave
Germany, France, Italy and Japan from 1973-199dlifferently from the major currency rates due to
using monthly and quarterly data in logarithmicrfior  differences in the FX regimes and government pesici
The authors found that quarterly exchange rated tenln addition, a few currency crises occurred durihg
to have a unit root compared to monthly exchange®90’s greatly affect the Asian and emerging FX sate
rates. Their findings imply that quarterly data &es  This therefore leads to our main research questions
volatile than monthly dat®. Test unit roots of very
high frequency spot exchange rate series (against Are the Asian and emerging FX rates unit root?
USD) for Canadian Dollar, French France, Germarr Taking into account of structural break, are the Ar
Mark, UK pound, Swiss France and Japanese yen the Asian and emerging FX rates unit root?
from 1983-1987. Using multiple unit root tests sach
the dickey and pantula test, solo LM unit root test This study examines the stationary of ten Asian
dickey-fuller tests and Phillips-Perron tests, theand for emerging FX rates during the 1990s. Theepap
authors found that all the daily and hourly exchang employs the Augmented Dickey-Fuller (ADF) unit root
rate series have a unit root. test to the following FX rates: Hong Kong Dollar
Recognizing that one of the reasons thatHKD), Japanese yen (JPY), South Korean Won
inconclusive results are found in many previoust uni (SKW), the New Taiwan dollar (TWN), Chinese
root tests is the regime shift or break in the tgegées Renminbl (CHR), Indonesia Rupiah (IDR), Malaysian
as suggested By? conduct unit root tests in the Ringgit (MYR), Singapore Dollar (SGD), Thai Baht
nominal exchange rate series using ADF with stmattu (THB), Phillipines peso (PHP), Argentine Peso (AGP)
break. The authors used the method developBbiamd  the Brazilian Real (BRR), Mexican peso (MXP) and th
extended by, who treats the break point as unknown.Russian rouble (RSR). Structural breaks are akenta
Contrary t&" 2 found that the null hypothesis of a unit into account for series found to be non-stationgsing
root for the spot exchange rate variable is natated thé" test. These structural breaks are chosen in
when structural break is taken into accdhtFound accordance to the following crises: 1994 Mexica#97
similar results using the ADF &fd tests in the Asian, 1998 Russian and 1999 Brazilian financial
Malaysian exchange rate series from 1980-1994. Therises. Finally, the study also conducts the rotessgt of
author concludes that the nominal exchange rateris the ADF and Perron tests to the different data
stationary in both test and the structural break985  frequencies and different structural breaks.
(the exogenous event of intervention of G-5 in the
foreign exchange market) did not bias the ADF testAugmented Dickey Fuller test (ADF): The ADF and
towards rejecting unit root. Phillips-Perron tests are the two most commonlyduse
From the above-mentioned studies, twofor stationary tests. The ADF test is a parametric
explanations have been offered to explain the exest  approach to correct for autocorrelated errors ljiray
of a unit root in nominal exchange rates are devia@.  higher-ordered lagged terms to the m88elUnlike the
First, the random walk property (non-stationary) ofADF test, the Phillips-Perron test is a non-paraimet
exchange rates is a natural outcome of efficiengpproach, which does not take into account theaextr
financial markets where prices fully reflect alladtable ~ terms in the data generating process (adding toetimet
information. Under this theory, the condition foarket ~ regression model) but include a non-parametric
efficiency implies that exchange rates changecorrection to the t-statistic to account for thegemce
unpredictably and hence is described by a randolk wa of autocorrelatiot’.
Another explanation is that the random walk carries  The statistical performance of the ADF test
strong implications for identifying the kinds ofatks  depends on two-specification problems: firstly, the
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inclusion of the constant term and the time tremthie Using Microfit to compute the selection criterion
estimating equation and secondly, the specificatibn by maximizing the value of log-likelihood function
the number of lag terft&. It is important to use a of the corresponding model, this study selects the
regression equation that mimics the actual datavalue of the Akaike Information Criterion (AIC) or
generating process. If the intercept or time trénd Schwartz Balyesian Criterion (SBC). If these two
inappropriately omitted, the power of the test ganto  information criteria are in conflict, the optimahd
zero generating meaningless results. On the otineal,h length, p, between the suggested lag lengths will b
extra repressors increase the absolute value of thehosen.

critical values and results in not rejecting thédl ofi a In both cases, the null hypothesis of the unitroo
unit roof*?. test is, i.e. { } the sequence contains a unit root

The ADF unit root test for the exchange rate serieprocess (non-stationarity) while the alternative
in this study is expressed as follows: hypothesis indicates that the series is a stationar

process. We reject the null hypothesis of the oot

P if the t-statistics of is smaller than the 95% digk

Ay; =0 VA, +;B'Ayi“ T& @ fuller critical value, given iR", implying that the
series is stationary.

Where:
Perron (1989) test: Importance of structural break
. test: It has been empirically tested that time eseri
y=—[|—2ai] macroeconomic data have unit rdtfs Howevert”
. = challenged Nelson and pleasures findings by
B =>q suggesting that widespread evidence of unitingsoot

in many long-run macroeconomic time series may be
due to structural change in their deterministintre
- I?at(e)zgjebr fé’};:;:ﬁiﬁﬂgi?g%r?i?rrig(s)t ?e(;‘nto b&unction. The omission of structural change varabl
firstgdifferen)ée exchange 'rate series will be eatiarg from an ADF equation can bia_ls the ADG tesF statisti
based on the following model: and lead towards the non-rejection of a unit Yot
Developed a formal procedure to test for unit rants
0 the presence of a one time structural change with
DY, =0 + YA+ Y B A Lt (2) dummy variabléd'. Findings reversed nelson and
~ plosser conclusions in 10 out of the 13 series
examined. Perron finding suggests that most
macroeconomic variables are not characterized by

unit root processes rather; they appear to be ingnd

Where:

y:_(|_ 3 Gi] stationary processes coupled with structural break.
=1 Furthermore Perron assumes that the stock market

B, =Zp:0i crash of 1929 and dramatic oil price increase af3L9
=1 were exogenous shocks having permanent effects on

the mean of most macroeconomic variables. The

In equations 1 and 2 vy, represents the naturadrashes induced at one-time fall in the mean
logarithm of foreign exchange rates against USadlpll otherwise macroeconomic variables appear to be
a0 is the intercept terny,is the coefficient of interest in  trending stationary.
the unit root test, is the parameter of the lagged first  In contrast t8! findings?® incorporated an
difference of yt to better represent the path-ordeendogenous break point into their model
autoregressive process asdis the white noise error Specification. The authors failed to reject the tuni
term®®!. Found that exchange rates do not exhibit a tim&00t hypothesis at the 5% level for four of the ten

trend. Hence, time trend is omitted from equati@is Nelson-Plosser series. They found inferences relate
and (2) to unit roots are sensitive to the number of assime
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structural breaks. The ADF unit root test is furthe The model (in equation 3) has the null hypothesis
extended to allow for the possibility of having a of a unit root against the alternative hypothedisao
structural break at an unknown dateand allowing  gne-time change in the intercept of a trend statipn
for. rzn;lsgiple structural = breaks for a long time ,qcess. The parameters of interest in the regressi
serie§" %] equation areny, i.e. the {y} sequence contains a unit
» root (non-stationary) iftl = 1.

The test involves estimating equation (3) using

Modd specification: This study employs the “crash

model described i to test for unit root with structural
break on the foreign exchange rate series in tig# 19 OLS to obtain the t-statistic @fl. TheA is calculated

1997 Asian. 1998 Russian and 19992 the sample size before the structural breakvahe
of A is used to identify the critical value from théla
simulated b{'.

Mexican,
Brazilian, financial crises. The exchange rateesedre
assumed as a one-time jump in the level of therooit
process. The following model is employed:
Data: The exchange rate series used in this study is
y, =a,+uD, +a,y, +Zp:ﬁAZY.+ +g () the natural logarithm of the daily exchange rate
=2 against the US dollar for the fourteen currencies.
This includes the Hong Kong Dollar (HKD),
_ Japanese Yen (JPY), South Korean Won (SKW),
otherW|se.. 20] ) ) ) Taiwanese New Dollar (TWD), Chinese Renminbi
F9||OW|n9{ . the time trend is omitted from the (CHR), Indonesian Rupiah (IDR), Malaysian Ringgit
equation (3) since the exchange rate series do n?MSR), Philippine Peso (PHP), Singapore Dollar
exhibit time trends. To overcome the problem Of(SGD), Thal Bath (THB), Argentine Peso (AGP), the
autocorrelation, the test will be re-run until the Brazilian Real (BRR), Mexican Peso (MXP) and
coefficient of the lag is insignificant at the 5&vél and Russian Rouble (RSR). All exchange rate series are
that the error term approximate white noise. Thethe daily middle exchange rate (the average of the

Lagra”ge .Mult|pI|er (LM) .test of residual serial bid and ask rate) obtained from Data Stream. Daily
correlation is also used for this purpose. A p-gdtom .
T o data are chosen to examine the short-term and long-
the LM statistic of less than 0.05 indicates thechéor . )
term movements of the exchange rate series despite

extra difference terms to be included in the model. . . . . .
o = ) the inherent constraints (high volatility) assoetht
Structural break is identified when there is a . . 126,27] . .
i i with high-frequency datal®f'?"! for the rationale in
sudden increase or decrease in the exchange rate. .
. _ i _ using the daily exchange rate).
series plots. A dummy variable of O is assigneth®

| break d 41+ he d ¢ th The data set consists of 2086 observation for each
pre-structural break data an or the date of t eexchange rate series (except for the Brazilian fean

structural break. Each exchange rate series in thg January 1994 to 31 December 2001. The sample
data set has a different structural break date. For . . .

. , period for Brazilian real series commence on 1 July
example the Asian exchange rage series, th

_ 9994 to 31 December 2001. The beginning date of the
structural break occurs on 2 July 1997 for Thaitbah

) ) ) sample period is chosen based on data availabilig.
3 July 1997 for Malaysian ringgit, 4 July 1997 for

) full sample is then divided into the following seve
Singapore dollar, 1 October 1997 for South Korean

] ) ) sub-samples:
won, Taiwan new dollar, Indonesian rupiah and 7
November 1997 for Philippines peso. The structural

where, DL =1 for all t beginning in time of breaksd

break for Hong Kong dollar occurs at a later stage Pre 1994-Mexican crisis: 3 January 1994
3 April 1999. As for the non-Asian exchange rateT0 19 December 1994

series, a structural break occurs on 20 Decemb@4 19 1994 Mexican crisis: 20 December
for Argentina and Mexican pesos, 18 August 1998 forl994 to 29 December 1995

Russian rouble and 14 January 1999 in the Brazilia?0St 1994-Mexican crisis: 1 January 1996
real marking the beginning of the Brazilian criSibere To 1 July 1997

is no structural break for the Japanese yen andeghi 1997 Asian crisis: 2 July 1997 to
Renminbi for the full sample data set. 14 August 1998

39



American J. Appl. Sci. 1(1): 36-50, 2004

In general, the Asian exchange rate series are
more volatile during the 1997 Asian crisis whileeth
Argentina and Mexican pesos show a significant
shift at the beginning of the 1994 Mexican crisis
(Fig. 2). The model is tested with time trend but
found to be insignificant for all exchange rateisgr
involved.

1998 Russian crisis:

To 12 January 1998

1999 Brazilian crisis:

1999 to 31 December 1999
Post crisis:

To 31 December 2001

17 August 1998
13 January

3 January 2000

The break point of the crises is based on thesplot
of the exchange rate series, which have been used i
similar studie€®?. For example the 1994 Mexican Table 1 describes the summary statistics for the
crisis began on the 20 December 1994 when theatural logarithm of nominal exchange rate series.
Mexican peso experienced devaludfidn Similarly, The Russian rouble series has the largest range
the break point of the Asian crisis is on 2 Jul¥@19 (difference between maximum and minimum) of
when the Thai Baht is devald&¥ The Russian crisis 3.19, followed by Indonesian rupiah, 2.077, Mexican
commences on 17 August 1998 when the Russiapeso, 1.23 and Brazilian real, 1.22. The rest @f th
defaulted their payment on short-term domestic debéxchange rate series have a range of less thahel. T
and long-term external déft and finally 13 January Russian rouble exhibits the highest standard
1999 marked the beginning of the Brazilian crisleew  deviation (0.9410), followed by Indonesian rupiah
the real initiated its transition to a floating bange (0.6887) while the Hong Kong and Singapore dollars
rate regimE”. have the lowest standard deviation close to zero.

RESULTS

Table 1: Summary statistics for the natural loganitof nominal exchange rate series

Exchange rate series HKD JPY KRW TWN CHR IDR MYR
Maximum 2.0541 49914 7.5807 3.5582 2.1647 9.7259 .691D
Minimum 2.0441 4.3954 6.6278 3.2250 1.7579 7.6487 .89@6
Range 0.0100 0.5960 0.9529 0.3332 0.4068 2.0772 018.8
Meanp 2.0483 4.7167 6.9235 3.3958 2.1200 8.4407 1.1767
Standard 0.0033 0.1107 0.2295 0.1001 0.0175 0.6887 0.2416
Deviationg?

Skewnesss® 0.7798 -0.2411 0.1925 0.0250 -7.3924 0.0509 0.3049
Kurtosis-3g* -0.9378 0.1925 -1.3210 -1.5569 173.741 -1.8067 11406
Coefficient of 0.0016 0.0235 0.0332 0.0295 0.0083 .0806 0.2053
Variationp

Number of observations 2086 2086 2086 2086 2086 6208 2086
Exchange rate series SGD THB PHP AGP BRP MXP RUP
Maximum 0.1671 4.0378 4.0028 0.0033 1.0251 2.3604 4113
Minimum 0.3289 3.1739 3.1591 -0.0131 -0.1906 1.1330 0.2207
Range 0.2882 0.8639 0.8437 0.0164 1.2157 1.2274 903.1
Meanp 0.4597 3.4916 3.5327 -0.0004 0.2819 2.0147 2.2141
Standard 0.0915 0.2240 0.2613 0.0007 0.3487 0.3334  0.9410
Deviationg?

Skewnessy® 0.0744 0.0028 0.1636 -8.4164 0.4692 -1.6171 -0.0199
Kurtosis-3g* -1.5402 -1.6757 -1.5320 130.929 -1.2341 1.4322 3434
Coefficient of 0.1990 0.0699 0.0740 1.8180 1.2368 0.1655 0.4250

Variationp

Note: We collect data from datastresan from 3uday 2994 to 31 December 2001 for fourteen arge rate series
examined except for Brazilian areas where we coltlta from 1 July 1994 to 31 December 2001 (eadi#a is not
available). The fourteen exchange rate series dlediHong Kong dollar (HKD), Japanese yen (YPY), t8dGorean Won
(KRW), Taiwan new dollar (TWN), Chines Renminbi (BY Indonesian rupiah (IDR) Malaysian Ringgit (MY,R)
Singapore dollar (SGD), the bath (THB) Philippimesso (PHP), Argentina peso (AGP), Braziffan reaRFB Mexican
peso (MXP) and the Russian rouble (RUR)
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The Taiwan new dollar, Thai baht and Russian Roublstudy found substantially similar results to those
series have skewers close to zero and are likelgeto without structural break (Table 3). The Chenese
normally distributed. Other exchange rate series iRRenminbi, Argentina and Mexican pesos series are
founded to have scans of either positive or negaffor  excluded from the unit root test because they are
example, the Chinese Renminbi and Argentina pesfound to be stationary. The results from the ADF
series have very high negative scans as compared tests indicate that 11 out of the 14 exchange rate
other series. series examined are non-stationary. Similarly,
The Chinese Renminbi and Argentina peso serieasind" test for the 11 series examined, it is found
also have high positive kurtosis, indicating athat, the null hypothesis of a unit root cannot be
“peaked” distribution. This is because bothrejected in almost every case and all series exagnin
currencies are pegged to the US dollar. Otheare non-stationary.
exchange rate series have small negative kisrtos The results are consistent™d” findings that
a “flat” distribution, except for Japanese yen sinc nominal exchange rate non-stationary. However, it
they have small frequent change in the exchangeontradicts! suggest that the conventional Augmented
rate. Dickey Fuller test is biased when there is a stmadt
The ADF test for the level and first difference in break. These exchange rate series are non-stationar
the full sample data are first estimated followe#’b process rather than trend stationary series with a
unit root test with structural break in each of thestructural break.
exchange rate series using a dummy variable.

Following this, the ADF test for each exchange rate it root test for the seven sub-samples: Table 4

series in first differences for all seven sub-sa@8pl ¢ ,mmarizes the results of the augmented dickey
are estimated (i.e., Pre-1994 Mexican, 1997 Asiang,|ier test for each sub sample. The results showed

1998 Russian, 1999 Brazilian crises and Post crisighat the null hypotheses of a unit root are no¢etgd

period). most exchange rate series but are rejected fdirsil
difference exchange rate series in all seven sub-
Unit root test for the full sample: The results of ADF  samples. This indicates that most of these exchange
unit root tests of the individual exchange rateieser rate series examined contain unit root but are
(Table 2). The results show that among the Asiarstationary on first difference. Hence, they are
exchange rate series, the null of a unit root i$ nointegrated of order 1. The null hypothesis of upibt
rejected for all series in levels except for then@ke s rejected in the sub-sample using level datacwhi
Renminbi at 5% significance level. Among the non-includes the Hong Kong dollar, Chinese remember,
Asian exchange rate series, the null of unit rootthe  Thai Bhat, Argentina peso, Mexican peso and
Brazilian real and Russian rouble series are at#0 Russian ruble. The Argentine peso series is estithat
rejected. These results are not surprising as raminto be | (0) for seven sub-sample except during fost
exchange rate series are usually found to be norMexican and Russian crisis period. The Japanese
stationary and non- mean reverting. yen, South Korean won, Taiwanese New dollar,
When the ADF unit root test was the estimatedMalaysian Ringgit, Philippines peso, Singapore
first difference, the null hypothesis of unit roeis  dollar and Brazilian real are | (1) across the seve
rejected for all the exchange rate series. Thus theub-samples.
Hong Kong dollar, Japanese yen , South Korean
won, Taiwan New dollar, Indonesian rupiah, Ropustness test on different frequencies: To
Malaysian Ringgit, Singapore dollar, Thai Baht, ayamine the robustness of the unit roisst
Philippines peso, Brazilian real and Russian roublg,, gifferent frequencies, the unit root teghvand

exchange rate series were integrated of order 1. without structural break were estimated for tha
sample data using daily, weekly and monthly data.
Unit root test with structural break for the full Table 5 shows the results from the ADF uadtr

sample: Using™ unit test with structural break, this test, using daily, weekly and momtthta.
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Table 2: Augmented dickey —fuller unit root testl(Bample)

Test

statistics

Level first difference
Exchange data data 1(d)
Asian currency series:
Hong Kong dollar -0.41 -11.56 1(2)
Japanese Yen -1.28 -26.86 1(2)
South Korean won -1.60 -6.87 1(1)
Taiwan new dollar -0.82 -7.41 1(2)
Chinese renminbi -0.90 -9.31 1(0)
Indonesian rupiah -0.90 -9.31 1(1)
Malaysian ringgit -1.23 -30.28 1(2)
Singapore dollar -0.54 -7.85 1(2)
Thai baht -1.00 -8.52 1(1)
Philippines peso -0.27 -7.92 1(2)
Non-asian currency series:
Argentina peso -5.47* -10.58 1(0)
Brazillian real -0.76 -6.58 1(2)
Mexican peso -2.89 -8.76 1(0)
Russian rouble -1.31 -7.49 1(2)

Notes: The full sample period is from 3 January 1994 tol®cember 2001 consisting of 2086 daily obsermatio
for each series except for Brazilian real. The Bieazreal series is from 1 July 1994 to 31 Decent@1 (earlier
data not available).Similar results were found gsiiaily, weekly and monthly data except for Argeatpesos,
which are | (1) when monthly data is used. UsingnkéoCarlo experimentd! find that over a substantial
range of values, power depends more on the spdatafrather than on the number of observations.

The level data column reports test statisticy 5bmay =4 +yay, , + z" B.A%y,_,.,+¢, and thefirst difference data

P
column reports the test statisticsydfom A%, =a, +yAy, , + Y B,A%Y,.,., +€,

1+1
The 1 (d) column indicates whether the exchange gaties is integrated of order 0, 1 (0) or integtaf order 1,1
(2). The 95% critical value for the augmented dyckdler statistics is-2.8634 *indicates signifiaanat the 5%
level.

This explains the reasons for finding similar résul difference is that the Thai Baht is | (0) usingldai
when running the unit root test using daily anddata and | (1) using weekly data. For monthly data,
weekly data over the same time span. the unit root test in Table 7 shows that most & th
Table 6 shows the result from fheunit root test series are | (1) with a few others integrated afesr
with structural break using 3 different frequenatad ~ More than one. These results are questionablealue t
daily, weekly and monthly on the full sample sehat  the low power of the unit root test since only aafim
the structural break is taken into account, thelesre  NUMber of observations are available for each sub

the same regardless of data frequency type. sample. For example, the number of observations
As for the sub-sample unit root test, the 1994during the 1994 Mexican and 1997 Asian crises are

Mexican and 1997 Asian crises were chosen to tes;]t2 and 14, respectively and the results differ from
for robustness. Table 7 shows similar results aréhose using daily and weekly data.

obtained when daily and weekly data are used,
During the 1994 Mexican crisis, the results areRobustn_esstest: ) .

similar except for the Philippine peso, Mexican @es Comparison of Augmented d|ckey_-f_ul_ler unit root

and Russian rouble, which are | (0) when daily datdest (Full and sub-samples): Dividing the full

is used and | (1) when weekly data is employed. Oi§ample data set into sub samples has some
the other hand, during the 1997 Asian crisis, thiyo effects on the ADF unit root testesults.
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Table 3: [1] unit root test (full sample with sttural break)

Time of
Exchange rate series structural break Test statisti 1(d)
Asian exchange rate series:
Hong Kong dollar 03/04/1999 339.2180 1(2)
Japanese Yen None -1.2840 1(2)
South Korean Won 01/10/1999 377.4737 1(2)
Taiwan new dollar 01/10/1999 576.3064 1(2)
Chinese renminbi - - -
Indonesian rupiah 01/10/1999 423.17892 1(2)
Malaysian ringgit 03/07/1999 443.6243 1(2)
Philippines peso 07/11/1997 580.4141 1(1)
Singapore dollar 04/07/1997 517.5781 1(2)
Thai baht 02/07/1997 457.3714 1(1)
Non-asian exchange rate series:
Argentine peso - - -
Brazllian real 14/01/1999 660.8789 1(2)
Mexican peso - - -
Russian rouble 18/08/1998 829.3528 1(2)

Notes: The full sample period is from 3 January 1994 1d&cember 2001 consisting of 2086 daily obserndiio
each series except for Brazilian real. The Brazitial series is from 1 July 1994 to 31 Decembé@id3@arlier data
not available). The Chinese renminbl, Argentinaopasd Mexican peso are excluded from this becausge dre
found to be stationary. THetest is run here to examine whether structuraaloeill cause series that are found to
be | (1) in section 3.6.1 will in fact be | (0) aftthe structural break is taken into account. iiinembers reported in

P
the third column is the test statisticsogfof thé" modely, =a, +yAy, + > B A%y, +¢,

1+2
The time of structural break is chosen based omaVisased on visual inspection of data and plothenexchange
rate. The critical value is obtained from the cativalue table simulated By None of the series is able to reject the
critical value at 1% or 5% level.

For example, some of the exchange rate series arenmore sensitive to smaller breaks, which appeareto b
(0) when the full sample data set is used but appeanore significant when the time period for unit root
to be | (1) in certain sub-samples (see Table 8)s T test is shorter. In addition, testing unit root foe sub
includes the Chinese Renminbi, Argentine peso angample also reduces the power of the unit root test
Mexican peso. On the other hand, some exchang@nce the test is higher with a longer span of!tfata

rate series which are | (1) when tested in the full The ADF unit root tests are quite robust since
sample, are shown to be | (0) in certain subs-the.‘ results are similar to data of different freqa:ye.

’ - _ ) daily, weekly and monthly. However, when testing
samples. This is evidenced in the Hong Kong dollar¢y, ‘ynit roots in sub samples using monthly data,
Thai Baht and Russian rouble series. some of the series appears to be integrated of more

This mix results of | (0) and | (1) when the sub-than order 1, which contradicts to previous finding
samples were tested could be due to the full sampléie nominal exchange rate are usually characterized
is separated into smaller sub samples. Since wakbre PY @n 1 (1) process. The monthly data might be
the full sample into sub periods based on dates 0gnrellable if the number of observations is too Bma

critical events, that is, dates when currency erise ome of the series are also sensitive to the time
' ' y period chosen.

broke out, some of the volatility contained ireth Robustness test on Perron (1989) unit root test
full sample has been removed. Thus, when testingsing different time interval: Table 9 shows the
sub samples for unit root, the exchange rate serieesults from the! unit root test for the exchange rate
might be | (0) for certain sub periods even thoughseries using different time interval. The Chinese

they are found to be | (1) when tested with full Renminbi, Argentine and Mexican pesos exchange
sample data. rate series which are | (0) in full sample data are

. : excluded from the test. Different time intervalsreve
For a series that are found to be | (0) with the . .
full le d but 1 (1) i . b chosen for each exchange rate series to see if they
u ;amp e data ) Ut_ (1) ina cert_aln su sam_|ale, have an impact on the unit root results. Overdig t
possible explanation is that the unit root ADF ftisst resyits show that all exchange rate series ke
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Table 4: Augmented dickey-fuller unit root test fub sample data set

Pre-mexican Mexican post-mexican Asian Russian Brazilian Post

crisis crisis crisis crisis crisis crisis isis 3

3.Jan 20 Dec I Jan 97-14 98-12 99-31 00-31

94-19 Dec 94  94-29 Dec 95 96-1July97 2July 88g 17 Aug Jan 99 13Jan Dec 99 3Jan Dec 01
Exchange
rate Test Test Test Test Test Test Test
series Statistics 1(d) statistics 1(d) sigs 1 (d) statistics 1 (d) statistics 1(d) istats 1(d) statistics 1(d)
Asian
exchange
rate series:
HKD 4.2278 1(0) -2.9124  1(0) 1-.9825 1(1) -2.5047 (1)1  -2.3685 1(1) -0.4862 1(1) -4.4408 1(0)
JPY -2.4040 1(1) -06809 1(1) -1.5388 1(1) -0.6224 (1)1 -1.5592 1(1) -0.2168 1(1) -0.8606 1(1)
KRW -0.3699 1(1) -1.7181  1(1) 0.0977 1(1) -1.4000 (1)1  0.0635 1(1) -1.2225 1(1) -0.1994 1(1)
TWN -1.2052 1(1) -1.7181  1(1) 0.0977 1(1) 414103 1)1( -1.1593 1(1) 0.1150 1(1) -0.1994 1(1)
CHR 0.8263 1(1) -0.5319  1(1) -1.7773 1(1) -1.4103 (0)1  -1.0938 1(1) -2.4165 1(1) -3.2165 1(1)
IDR -2.2903 1(1) -1.3166  1(1) -1.3166 1(1) -0.56321(1) -1.0761 1(1) -1.4708 1(1) -2.4165 1(1)
MYR -0.8209 1(1) -1.3166  1(1) -2.0291 1(1) -2.00241(1) -0.9108 1(1) -1.2143 1(1)
PHP 1.5747 1(1) -1.8443  1(1) -0.0989 1(1) -1.3975(1) 1 -0.0874 1(1) -0.6870 1(1) -1.6034 1(1)
SGD -1.1141 1(1) 20797 1(1) -1.6924 1(1) -1.75261(1) -2.0874 1(1) -1.6020 1(1) -2.371 1(1)
Non-Asian
exchange
rate series:
AGP -4.1730 1(0) -3.9961  1(0) -2.3750 1(1) -4.40941(0) -2.2609 1(1) -4.4703 1(0) -1.2113 1(0)
BRR -1.2748 1(1) -1.2792  1(2) 0.0248 1(1) 0.3910 1)1( -0.2127 1(1) -4.4703 1(1) -1.0353 1(1)
MXP -2.0177 1(1) -2.6491  1(0) -1.2091 1(1) -0.24291(1) -3.9386 1(0) -3.5723 1(0) -2.4286 1(1)
RUR 0.7452 1(1) -3.1221  1(0) 3.6089 1(0) 0.6788 )1(1 -1.9900 1(0) -1.9481 1(1) -1.6850 1(1)

Notes: The numbers are the test statisticsyofrom the ADF regressions using level data. The t@umn reports whether the exchange rate
series is integrated of order 0, 1(0) or integratiedrder 1, 1(1). Critical values are obtainedrirbecember 1991 and indicate significance at eh
5% level for ADF test. When first difference date aised. The test is always significant at 95%adlbrseries and all periods except for

Malaysian during the post when it is prggted agatims US dollar.

Table 5: Robustness test: Augmented dickey-fullér noot test (full sample)

Daily Weekly Monthly

data data data
Exchange Test- Test- Test-
rate series statistics 1(d) xstatistics 1(d) diasis 1(d)
Asian exchange
rate series:
Hong Kong dollar -0.41 1(2) 0.07 1(2) 0.11 1(2)
Japanese Yen -1.28 1(2) -1.32 1(2) -1.58 1(2)
South Korean won -1.60 1(2) -1.07 1(2) -1.40 1(2)
Taiwan new dollar -0.82 1(2) -0.49 1(2) -0.58 1(2)
Chinese renminbi -4.66 1(0) -4.39 1(0) -2.98 1(0)
Indonesian rupiah -0.90 1(2) -0.83 1(2) -0.98 1(2)
Malaysian ringgit -1.23 1(2) -1.05 1(2) -1.10 1(2)
Singapore dollar -0.54 1(2) -0.07 1(2) 0.04 1(2)
Thai baht -1.00 1(1) -0.89 1(1) -1.-8 1(1)
Philippines peso -0.27 1(2) -0.48 1(1) 0.28 1(1)
Non-asian
exchange rate series:
Argentine peso -5.47 1(0) -6.42 1(0) -0.-8 1(2)
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Table 5: Continue

Brazllian real -0.76 1(2) -0.61 1(1) -0.21 1(2)
Mexican peso -2.89 1(0) -2.92 1(0) -4.59 1(0)
Russian rouble -1.31 1(2) -1.28 1(2) -1.25 1(1)

Notes: The full sample period is from 3 January 1994 1oC®cember 2001 for each series except for Brazileal. The
Brazilian real series is from 1July 1994 to 31 Deber 2001 (earlier data not available). The nundferbservations for each
individual series is 2086 for daily data, 418 fazekly data and 96 for monthly data. The numbersharéest statistics gffrom:

Error! Bookmark not defined.

Usingfirst difference data.
The 1 (d) column indicates whether the exchangegeaties is integrated of order O, 1 (0) or integtaf order 1,1
(1). The 95% critical value for the augmented dyjckdller statistics is-2.8634 indicates significarat the 5% level.

Table 6: Robustness td8tunit root test structural break (full sample)

Daily data Weekly data Monthly data
Exchange rate series Test-statistics 1(d) Tedsttat 1(d) Test-statistics 1(d)
Asian exchange rate series:
Hong Kong dollar 339.218 1(2) 70.43 1(1) 28.97 1(2)
Japanese Yen -1.2840 1(1) -1.32 1(2) -1.58 1(2)
South Korean won 377.4737 1(2) 181.23 1(2) 14.32 1) 1(
Taiwan new dollar 576.3064 1(2) 107.47 1(2) 16.46 D1
Chinese renminbi - - - - - -
Indonesian rupiah 423.1892 1(2) 77.92 1(2) 19.48 1) 1(
Malaysian ringgit 443.6243 1(2) 83.16 1(1) 20.00 1)1(
Singapore dollar 517.5781 1(2) 81.35 1(2) 17.61 ) 1(1
Thai baht 457.3714 1(1) 83.75 1(1) 20.32 1(1)
Philippines peso 580.4114 1(2) 144.93 1(2) 37.11 1) 1(
Non-Asian exchange rate series:
Argentine peso - - - - 2.67 1(2)
Brazllian real 646.38 1(1) 121.08 1(2) 18.35 1(2)
Mexican peso - - - - - -
Russian rouble 802.39 1(2) 219.37 1(2) 41.08 1(2)

Notes: The full sample period is from 3 January 1994 1d&cember 2001 for each series except for Brazibal.
The Brazilian real series is from 1 July 1994 toBdcember 2001 (earlier data not available). Thebar of
observations for each individual series is 2086dwect data, 418 fir weekly data and 96 for mopttiata. The
Chinese Renminbi Argentina peso and Mexican pes@weluded from this test if they are found to K@)lin table
3. Thé! test is run here to examine whether structuraltwél cause series that are found to be 1 (1) iwifact be
1 (0) after a structural break no to account. Tamlmers reported in the third column is the textistias of a of
the”) model:

P
Yi =3, +YAY,, +ZBiA2yt:1+1+£i

1+2

The time of structural break is chosen based soalibased on visual inspection of data and plothen
exchange rate. The critical value is obtained fthencritical value table simulatedByNone of the series is able to
reject the critical value at 1% or 5% level.
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Table 7: Robustness test: Augmented dickey fultér noot test on Mexican crisis and Asian crisisi(geriods)

Mexican crisis period Asian crisis period

20 Dec 1994-29 Dec 1995 2 July 1997-14 AugusB8199
Exchange rate series Daily data weekly data  morlits daily data weekly data monthly data
Number of observations 269 54 12 293 59 14
Asian exchange
rate series:
Hong Kong dollar 1(0) 1(0) >1(1) 1(1) 1(0) 1(1)
Japanese Yen 1(1) 1(1) >1(1) 1(2) 1(1) >1(1)
South Korean won 1(1) 1(1) >1(1) 1(1) 1(1) >1(1)
Taiwan new dollar 1(1) 1(1) >1(1) 1(1) 1(1) 1(1)
Chinese Renminbi 1(1) 1(1) >1(1) 1(0) 1(1) 1(1)
Indonesian rupiah 1(1) 1(1) 1(1) 1(1) 1(1) >1(1)
Malaysian Ringgit 1(1) 1(1) 1(0) 1(1) 1(1) 1(0)
Singapore dollar 1(2) 1(1) >1(1) >1(1) 1(1) >1(1)
Thai Baht 1(1) 1(1) >1(1) 1(1) 1(1) >1(1)
Philippines peso 1(1) 1(1) >1(1) 1(1) 1(1) >1(1)
Non-Asian
Exchange
rate series:
Argentine peso 1(0) 1(0) > 1(0) 1(0) 1(0) 1(1)
Brazilian real 1(1) 1(1) 1(1) 1(1) 1(1) 1(1)
Mexican peso 1(1) 1(1) > 1(1) 1(1) 1(1) >1(1)
Russian rouble 1(0) 1(1) > 1(0) 1(1) 1(1) 1(1)

Notes: Mexican crisis period and Asian crisis period ah®sen to text for robustness of the ADF unit rest for sub-samples. 1 (d)
column summarizes whether the exchange rate sisriesegrated of order 0, 1 (0), integrated of oriliel (1) or integrated of more than
order1,>1(1)

Table 8: Robustness test: Comparison of augment&eydfuller unit root test

In full sample in sub samples
Exchange Number Number
rate series 1(d) of 1(0) of 1(1)
Asian exchange
rate series:
Hong Kong dollar 1(1) 3 4
Japanese yen 1(2) 0 7
South Korean won 1(2) 0 7
Taiwan new dollar 1(2) 0 7
Chinese Renminbi 1(0) 2 5
Indonesian rupiah 1(2) 0 7
Malaysian Ringgit 1(1) 0 6
Singapore dollar 1(2) 0 7
Thai bath 1(1) 0 7
Non-Asian
exchange rate series:
Philippine peso 1(0) 5 2
Argentine peso 1(2) 2 7
Brazilian real 1(1) 3 4
Total 16 81

Notes: The full sample period is from 3 January 1994 td&cember 2001 consisting of 2086 daily obseruaiio each series
except for Brazilian real. The Brazilian real ssrig from 1 July 1994 to 31 December 2001 (ead#&a not available). The 1 (d)
column indicates whether the exchange rate sesiéstégrated of order 0, 1 (0) or integrated ofeordl,1 (1). Sub samples
column refers to the seven sub samples. The dateasi§ as determined based on visual inspectioplaié and data and from

prior literature.
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Table 9: Robustness té8tunit root test (different sample period)

American J. Appl. Sci. 1(1): 36-50, 2004

Exchange Sample Time

rate series period of break 1(d)

Hong

Kong

dollar 30/03/1999-30/03/2001 10/08/2000 N/A
15/04/1999-30/03/2001 27/10/2000 N/A

Japanese

yen 30/06/1997-29/06/2001 18/08/1998 NA
20/08/1997-29/06/2001 24/08/1998 1(1)

South Korean

won 25/09/1997-29/09/2001 23/12/1997 1(1)
01/01/1998-28/09/2001 29/09/1998 NA

Taiwan new

dollar 25/09/1997-28/09/2001 13/01/1998 1(1)
15/01/1997-28/09/2001 15/06/1998 N/A

Chinese

renminbi -

Indonesian

rupiah 25.09.1997-28/09/2001 23/01/1998 1(1)
20/03/1998-28/09/2001 17/06/1998 NA\

Malaysian

ringgit 30/06/1997-29/06/2001 23/01/1998 N/A
03/07/1997-29/06/2001 28/10/1998 N/A

Singapore

dollar 30/06/1997-29/06/2001 12/01/1998 1(1)
15/01/1998-29/06/2001 11/06/1998 N/A

Thai

bath 30/06/1997-29/06/2001 26/011998 1(1)
02/07/1997-31/10/2001 23/09/1999 N/A

Philippine

peso 03/11/1997-31/10/2001 09/01/1998 1(1)
15/11/1997-31/10/2011 21/09/1998 N/A

Argentine

peso -

Brazilian

real 11/01/1999-31/12/2001 04/03/1999 1(1)
10/03/1999-31/12/2001 24/09/2001 1(1)

Mexican -

Russian

rouble 14/08/1998-31/12/2001 04/03/1999 1(1)
18/08/1998-31/07/2001 01/02/1999 1(1)

Notes: The Chinese Renminbi, Argentine and Mexican p@sesxcluded from this test because they are foand
be stationary using a full sample test. fhest is run here to examine whether structuradloreill cause series that
are found to be 1 (1) in full sample will in fact & (0) after the structural break is taken intcoaait. The numbers
reported in the third column are the test staistical of the! model:

P
Y =8+ YA+ ) BAYYi., HE

1+2

The time of structural break is chosen based omaVisased on visual inspection of data and plothenexchange
rate. The critical value is obtained from the cativalue table simulated By None of the series is able to reject the
critical value at 1% or 5% level. N/A indicatesthizere is not a significant structural break fowviten shorter time
interval is investigated. Therefore, fh¢ests are not applicable in these cases.
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However, the robustness test shows with theasymptotic theory. The author found that the
structural break data changes, smaller jumps insiddifferent from the distribution reported by dickagd
the time period appear to be more obvious wheruller if the underlying distribution contains a
shorter time period is taken into account. For somenoving-average  componéfif. Monte Carlo

of these exchange rate series, no significansimulation shows that the power of the ADF test is
structural break is found when investigating shiorte very low, that is the ADF unit root tests do notwba

time interval. Therefore, thé unit root test is not

applicable. In general, the robustness test ilaisty

the power to distinguish between a unit root andrne
unit root process. THe test is found to be

that with the structural break date change, smallemsensitive to the data frequencies but is seresitov

jumps inside the time period appear to be moreanfsvi

the time interval chosen. This is because the jumps

As a result, the findings may incorrectly conclutiat
there is a structural break when there is not.

that are found to be significant in the full period
appear to be insignificant when shorter time indérv

is investigated. This limitation suggests the Rhili

CONCLLUSION

Perron modified unit root test and the modified ADF

test (the ADF-GLS test) as the solutions to the
The study examines the unit root tests onproblems of size and power of the conventional unit

exchange
economies foreign exchange markets. The results
from the full sample data using the ADF test
indicates that most nominal exchange rate series
contain unit root except for the Chinese Renminbi,l.
Argentina and Mexican pesos. Other series are found
to be non-stationary and are integrated of order 1
because they are stationary on first difference. 2.

Similar results are obtained when structural
similar results are obtained when structural break
taken into consideration. The ADF unit root test fo 3.
each of the individual series for all seven sub-
samples are also estimated. The results show that
most of the exchange rate series are integrated df.
order 1 with a few exceptions. This implies tha¢ th
series that are | (1) have to be first differentae 5.
findings contrast Perron’s suggest that the
conventional augmented dickey fuller test is biased.
when there is a structural break. However, the
findings are consistent witi'¥ findings, which take
a structural break into account who found similar7.
results when assuming that there is no structural
break.

The results from the ADF unit root tests have to8.
be interpreted with caution since unit root tesasen
the problem of size distortion and low polW@r First
presented Monte Carlo evidence of the size
distortion problems of the commonly used unit root
test, that is the actual size of a test in smathdas 9.
is very different from the size of the test indieditby
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rate series from Asia and emergingoot test.
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