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Abstract

The purpose of this study is to investigate the validity of weak-form market efficiency by using linear and nonlinear unit root
tests of the US Dollar exchange rate of the Next 11 countries over the period of January 1998-December 2019. For this purpose,
we firstly performed the Harvey et al. (2008) linearity test to determine the characteristics of the series. Afterward, Kwiatkowski
et al. (1992), Zivot-Andrews (1992) and Lee-Strazicich (2013) tests were applied to linear series while Kapetanios et al. (2003)
and Kruse (2011) tests were performed to nonlinear series. Generally, the findings indicate that the validity of the weak-form
market efficiency is accepted for the Next 11 countries’ exchange rates. Accordingly, it can be asserted that in the majority of
the Next 11 countries, the future prices of the exchange rates cannot be estimated by evaluating its historical prices. The
obtained results suggest that temporary shocks in the exchange rate leave permanent effects in the majority of Next 11 countries.
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Ozet

Bu calismanin amaci, Ocak 1998-Aralik 2019 dénemi i¢in Gelecek 11 iilkelerin Dolar kurlarina dogrusal ve dogrusal olmayan
birim kok testleri uygulanarak zayif form piyasa etkinliginin gegerliligini arastirmaktir. Bu amagla serilerin 6zelliklerini
belirlemek icin ilk olarak Harvey vd. (2008) dogrusallik testi uygulanmistir. Ardindan, dogrusal olan doviz kuru serileri i¢in
Kwiatkowski vd. (1992), Zivot-Andrews (1992) ve Lee-Strazicich (2013) birim kok testleri; dogrusal olmayan déviz kuru
serileri i¢in Kapetanios vd. (2003) ve Kruse (2011) birim kok testleri uygulanmistir. Genel olarak bulgular, Gelecek 11
tilkelerinin doviz kurlari i¢in zayif form piyasa etkinliginin gecerli oldugunu gostermistir. Dolayisiyla, Gelecek 11 iilkelerinin
cogunda, gecmis fiyat hareketlerinden yola ¢ikilarak déviz kurunun gelecek fiyatlarmin tahmin edilemeyecegi sdylenebilir.
Elde edilen sonuglar doviz kurundaki gecici soklarin Gelecek 11 iilkelerinin ¢cogunda kalici etkiler biraktigint gostermektedir.
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1. Introduction

The main factors which make individuals and institutions to economize and to make transactions in
financial markets are return expectations. However, the market risks can change the transaction motivation as they
affect the return expectations. Since uncertainty is one of the main factors posing risks to investments, investors
have been trying to produce new techniques to decrease that kind of uncertainty and to earn abnormal profits by
predicting prices in advance. The question is then “Are the prices predictable?”. One of the theories developed
within this context is the efficient market hypothesis (EMH).

Testing the different forms of EMH is one of the operations which have been continuing to be relevant
since 1970 when Fama proposed some evidence related to the validity of it. The possible reason why the hypothesis
has aroused such interest is that it suggests that if it is valid, investors cannot be beat the markets and no investor
can earn abnormal profits. When it is considered that the main way followed by the investors who try to eamn
speculative profits from financial markets is taking advantages of previous prices to predict the current prices by
depending on several technical analysis methods; weak-form market efficiency can mean that all of those efforts
are only a waste of time. Therefore, the discussions on which markets and to what extent the hypothesis is valid
for are one of the attractive research objects today.

EMH, which suggests that all kind of information which can affect the prices reaches to all market
participants at an equal rate and is reflected the prices by being similarly interpreted by all investors through several
assumptions, is generally based on random walk. According to Levy (1967); if share markets are competitive
actively, the consecutive price changes are expected to be random (i.e. statistically independent). Random walk
was first formulized by Bachelier (as cited in Levy, 1967) and was clarified by Osborne (as cited in Levy, 1967).
Samuelson (1965a; 1965b) provided significant contributions to develop the model. Fama claimed in his study in
1965 that; prices can move randomly only in an active market, the market prices thus can reflect the intrinsic value
of shares or they at least are randomly close to the intrinsic value and the intrinsic value changes independently
from previous price changes through new information (Fama, 1965: 56). Therefore, the random walk behavior is
a basis applied to explain the market activity in empirical studies.

Random walk suggests that the prices are independent of the previous ones and it is impossible to predict
the current or future prices with the help of previous data. According to Gupta and Basu (2007), to test the market
efficiency, it is essential to investigate the short-run trends of market returns and to try to determine the main
processes which introduce those returns. If the market is efficient, the model will fail to identify any pattern and it
will mean that the returns follow a random walk and they cannot be predicted. Several methods are used to evaluate
the independence of price trends, and the method which is observed to be the widest is testing stationarity through
unit root tests. Firoj and Khanom (2018) indicated that market data should follow the random walk to be able to
mention the weak-form market efficiency and that it is related to the fact that time series contain unit roots, i.e.
they are not stationary. According to Zhang et al. (2012), the fact that whether prices are determined or not through
unit roots has an important inference about EMH which suggests that it is not possible to predict the prices through
previous price changes. If the prices follow a stationary I(0) process at the level, the effect of any kind of shock
will be temporary. Thus, the trends of prices from a level to another level will return to the average. From the
investors’ perspective, it means that it is possible to estimate future price trends through previous data and to
develop strategies to earn abnormal profits (Zhang et al., 2012). The price series I(1) should follow the process,
i.e. they should contain unit roots to be able to mention weak-form market efficiency, and it indicates that the
incoming shocks make lasting impacts on the stochastic component (Wang et al., 2015: 157).

There are several economic results in determining the degree of market efficiency. Rizvi and Arshad (2017)
indicated that the policy-makers can avoid the improper resource distribution which has negative effects on long-
run economic development. This is because; at the time all of the relevant data are revealed and they join in the
prices of financial assets, the new capital will incline to more productive investments (Khediri and Charfeddine,
2015: 67). Ali et al. (2018) suggested that the profits to be demanded against the potential risk in the non-efficient
market will also be higher, and they claimed that the decision-making periods of the institutions responsible for
the supervision of the business managers and capital markets will be affected by the market efficiency.

The exchange rate has been figured to be important for developing countries particularly open economies
such as Next 11 countries which are qualified by mainly concentrated export sector and have emerging markets
that could potentially become some of the world’s largest economies. The exchange rate represents the policy-
makers which investors, firms, governments, financial institutions, and trader’s currencies (Ibrahim et al., 2011:
55). Also, in these countries, the highest volatility of the exchange rate affects the national and international
investment position and caused to be negative in the real economy (Mabakeng and Sheefeni, 2014: 169). US Dollar
is preferred as the exchange rate since it is used for the international processes, it is the most preferred international
payment currency and it has the highest liquidity. To this effect, this study focuses on the announcement impact
of historical price on exchange rates. The weak-form market efficiency of exchange rates in these countries is
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analysed by using comprehensive unit root tests. Although many researching works have been analysed on the
efficiency of the exchange rate in developed markets, little is known about those markets in the developing
markets. The main of this study is to explore the validity of the weak-form market efficiency in the Next 11
countries and its dollar exchange rates. This paper emphasized only on the weak-form of the dollar exchange rates
of Next 11 countries. To the best of our knowledge, it is the first study in which validity the weak-form of the
EMH in terms of the RWH in the Next 11 countries’ exchange rates are analysed through the linear and nonlinear
unit root tests. Accordingly, this research contributes to the existing literature on the weak-form efficiency of the
Next 11 countries’ exchange rates.

With the motivation and objective in place, the rest of the paper is structured as follows. Section 2 briefly
describes the existing literature relating to the validity of the weak-form market efficiency. Testing procedures are
outlined and briefly defines linear and nonlinear unit root tests in Section 3. Section 4 outlines the data description
and the obtained empirical results. The conclusions and the policy related to the implication and future studies are
presented in Section 5.

2. Literature Review

In literature, EMH and RWH are analysed by parametric and nonparametric tests. Unit root tests are tests
carried out to determine the stationarity of the time series. It has been observed that these tests are generally used
in the studies which are carried out to prove which theoretical study explaining the validity of the weak-form
market efficiency in the exchange rate markets is valid. It has been also observed that the results are different
according to the samplings and methods they used in the relevant literature.

Jensen (1978) suggested that there is not another proposal which is supported as EMH with empirical proofs
and it provide consistent results for the whole country and market groups; and author also indicated that this kind
of consistency started to be destroyed due to the accessibility of the better data such as daily price data and newly-
developed econometric methods. So indeed it is not possible to say that consistent results are provided after
analysing the current studies. It can be as a result of the econometric methods used in the studies or the development
levels of the markets.

Tests related to EMH can be applied to all markets of the relevant country and different market segments.
For example; Charles et al. (2013) tested the relationship between spots and forward prices in the European Carbon
Markets through the transportation costs model. It was observed in the study which was carried out by using data
between the period 13th March 2009 and 17th January 2012 that there is a cointegration relationship between
forward prices and spots and the result did not change when the structural breaks were considered. According to
those results, the transportation costs model was rejected, it was discovered that the carbon market is not efficient
and it was determined that there is an opportunity for arbitrage. Tang et al. (2013) used unit root tests, cointegration
tests, and error correction model to analyse the efficiency of European carbon futures market; Zhao et al. (2017)
employed ADF test and runs test to examine the efficiency of carbon emission market in China; Jebabli and
Roubaud (2018) used Hurst exponent and threshold vector error correction model to determine the weak-form
market efficiency in terms of daily spots and futures prices in the USA food and energy markets.

Khediri and Charfeddine (2015) evaluated the weak-form market efficiency for energy markets by testing
random walk behaviors of spots and futures prices. The data they used include crude oil, petrol, heating oil, and
propane daily closing prices of NYMEX spot and future markets. They used the variance ratio test and the DFA
test. The results indicated that the profits change in time. Besides, they concluded that energy markets follow a
random walk and they are efficient in weak-form.

Charfeddine et al. (2018) tested the Adaptive Market Hypothesis in the markets of the USA, England, South
Africa, and India. They used the GARCH-M model to analyse them through the approaches that allow weak-form
market efficiency to change in time. Their results indicate that the efficiency of those markets change in time
depending on economic and politic developments and market conditions. They also concluded that the level of
weak-form efficiency increases gradually and the most efficient market among four bond markets is the USA
market.

Among the studies analysing precious metals market, Westerlund (2013) used the monthly ounce prices of
four precious metals between January 2000 and July 2012 and studied the efficiency of the precious metals markets
of specific Asian countries and additionally Australia, Hong Kong and New Zealand through the unit root test
he/she developed himself/herself. Nitm et al. (2015) used the LM variance ratio test and its non-parametric version
based on ranks and signs to study the efficiency of gold markets of 28 developed and developing countries between
January 1968 and August 2014. They concluded that it is more possible for developed markets to be efficient.
When the share markets are considered, different results are observed and the prices are predictable in the markets,
i.e. the markets are non-efficient in most of the analysed studies.
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Freund et al. (1997) used R/S and Hurst exponent model in their study where they studied whether market
efficiency changes once the electronic trade starts in Toronto Exchange. The results indicate that the profits are
not random, they create a model following a trend in short-run and they return to the average in a longer run.

Worthington and Higgs (2006) tested the market efficiency for Australia, New Zealand, and thirteen Asian
countries by using serial correlation, Augmented Dickey-Fuller (ADF), Phillips-Perron (PP) and Kwiatkowski-
Phillips-Schmidt-Shin (KPSS) unit root tests and variance ratio test. Serial correlation and run tests rejected weak-
form efficiency for all markets and the unit root tests rejected it for the markets except Australia and Taiwan. The
variance ratio test concluded that no market follows a random walk.

Hasanov and Omay (2007) used linear and non-linear unit root tests for the share prices in the eight
transition countries and determined that linear unit root tests can provide more successful results. They concluded
that the markets of the four of the eight countries are not efficient. Gupta and Basu (2007) concluded that share
markets in India are not efficient by using ADF, PP and KPSS tests. Tabak (2007) studied the bilinear models
which constitute the majority of the non-linear models. Accordingly, discovering that the profits are not linear is
provided as proof for market non-efficiency. The unit root determination hypothesis for 35 of 53 shares in Brazil
Sao Paolo index was accepted.

The results obtained by Pele and Voineagu (2008) through the ADF unit root test, autocorrelation test, and
ARMA model revealed that EMH is not valid for the share market of Romania. Tas and Tokmakcioglu (2010)
researched the market efficiency in 11 developing share markets through the cointegration test. As a result of the
analysis, the VECM was found to be insufficient to explain the determination of market efficiency although two
cointegrated vectors were determined. Demireli et al. (2010) tested the EMH for S&P500. In the study which was
carried out through weekly logarithmic profits, the unit root tests and correlograms indicated that the S&P500
profit series are stationary and the ARMA test indicated that the profit series do not have a significant relationship
with the previous period. The authors concluded that the index provides a random process and it is efficient in
weak-form.

Nisar and Hanif (2012) applied the comprehensive analysis such as autocorrelation runs ADF unit root, and
variance ratio tests on monthly, weekly and daily data from share markets of the biggest four South Asian
countries. Even though Runs test provides different results for different markets and frequencies, all of the other
tests reject the EMH for all of the markets. Zhang et al. (2012) indicated that exchange indexes of five African
countries are not stationary through ADF, PP and KPSS unit root tests and different panel unit root tests. When
the structural breaks were considered through panel SURKSS test with a Fourier function, markets of two countries
were discovered to have stationary series.

Ananzeh (2014) studied the market efficiency of Amman Exchange through autocorrelation, unit root, and
runs tests. The results of the study which was carried out through profit series revealed that the market is not
efficient in weak-form. Lee et al. (2014) tested market efficiency through non-linear panel unit root tests for
different country groups by using real share prices. The results indicated that the stationarity levels change
depending on the regional and economic development levels. Shiller and Radikoko (2014) used parametric and
non-parametric tests in addition to univariate unit root tests through daily profits of seven indexes in their study
where they analysed the market efficiency in Canada Exchange market. Accordingly, the RWH was rejected and
it was concluded that the market is not efficient in weak-form and market profits can be predictable. Tiwari and
Kyophilavong (2014) concluded that the series is stationary in all countries except Russian Federation and they
can be predictable by analysing previous data in their study which they studied BRICS countries by using wavelet-
based unit root tests which also consider structural breaks.

Wang et al. (2015) indicated that the share prices in seven Asian markets are not stationary by applying
traditional unit root tests. Furthermore, they employed the LM Fourier unit root test and a stationarity test with a
Fourier function to consider structural breaks. Contrary to the conventional unit root tests, the results provided by
tests with Fourier function supported that returning to the average is possible in all of the Asian countries under
analysis. The results obtained by Charfeddine and Khediri (2016) through GARCH-M and long memory models
indicated the different degrees of efficiency changing in time and periods where the efficiency develops in GCC
countries. The common findings of runs test and ADF and PP unit root tests applied by Stakic et al. (2016) for
BELEXI 15 index of Serbian share market indicates that the index profits are stationary and therefore they do not
hold a random process and they break weak-form efficiency.

In the studies carried out after 2017, the MF-DFA method where multifractal structures are considered
gained importance. Ali et al. (2018) indicated that this method can test efficiency and also provide information
about the level of non-efficiency. In the study where the relative efficiency of the conventional share markets of
12 countries, 4 of which are Islamic countries, against the Islamic markets of the same countries were analysed
through MF-DFA method the results indicated that the markets of developed countries have the highest efficiency
level and the markets of BRICS countries follow them.
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Rizvi and Arshad (2017) applied MF-DFA and MGARCH models on 24-year data in their study where
they analysed the efficiency and integration of the Japanese share market. The MF-DFA method which is used to
determine market efficiency also considers the multifractal structure of the relevant market. It was observed that
the efficiency increased gradually in the Japanese market. Mensi et al. (2018) revealed that the multifractal
structure exists in all of the share markets of fragile five countries (GIPSI) in Europe and the USA through the
MEF-DFA approach and long memory is valid for time series. Greece is the country which has the most powerful
long memory in the short- and long- run and it is also the country which has the lowest market efficiency. Portugal
and Ireland are the countries that have the lowest non-efficiency levels. In a similar study; Mensi et al. (2018)
examined the weak-form market efficiency of five countries which are members of the Gulf Cooperation Council
(GCC) by comparing them with several global, regional or Islamic indexes. It was discovered that all of the market
profits have multifractal structure through the MF-DFA approach. GCC share markets were also discovered to be
less efficient than global, regional and Islamic markets.

Gil-Alana et al. (2018) tested the EMH by using fractional integration models in their study focused on
indexes of four share markets of three Baltic countries. This method is based on a long memory approach instead
of conventional unit root tests which are insufficient with regards to trend stationarity, the presence of structural
breaks, regime changes and, fractional integration cases was used. Random walk is rejected for all markets. It was
indicated that the Baltic share markets are not efficient and the path which will be followed by the prices can be
predicted before. In the study of Hill and Motegi (2019); while the existence of unit roots for level values cannot
be rejected through PP unit root tests in Chinese, Japanese, English and USA share markets, unit roots cannot be
determined when their log values are assigned. White noise hypothesis was accepted in Chinese and Japanese
share markets through applying the CvM method and those markets were discovered to be efficient in weak-form.
It was also concluded that English and USA markets are not efficient.

It has been observed that different methods provide different results in the studies where Turkey is also
included. Celik and Tas (2007) applied Runs test, unit root tests and variant ratio test for the share markets of 12
countries. Different results were obtained through different methods and no test can reject the market efficiency
for the Turkish market. Gozbast et al. (2014) used the ESTAR model as a result of determining that the series are
not linear for the BIST100 index and three sectoral indexes. It was concluded that the indexes in the Turkish share
market contain unit roots, i.e. they are not stationary and therefore the market is efficient in weak-form through
applying non-linear unit root tests. Gumus and Zeren (2014) tested RWH for share markets of 17 G20 countries.
According to the linearity or non-linearity of the dataset, the Fourier ADF and Fourier KSS unit root tests which
consider structural breaks were applied. It was observed that the dataset is stationary for the 8 countries including
Turkey and accordingly the markets contradict the RWH. For the other 9 countries, the EMH is discovered to be
valid. Altunoz (2016) applied ADF and PP unit root tests for the shares of 8 different banks processed in the BIST
and BIST banking index, and he/she determined that the level values of all series contain unit roots and the first
differences are stationary. This result was interpreted as that all series reveal a coincidental distribution and the
market is efficient in weak-form.

One of the markets where EMH tests are applied widely in foreign exchange markets. There is no common
result related to the efficiency of exchange markets in the studies using different methods. Wickremasinghe (2008)
used the Autocorrelation test, Ljung-Box Q statistics and KPSS unit root test to analyse the weak-form efficiency
for the foreign exchange rate of Sri Lanka. Cross-correlation test was used to test the semi-strong efficiency. It
was determined in the study that the profits from four different currencies have relationships with previous period
profits, i.e. the existence of autocorrelation; accordingly, the market breaks the weak-form efficiency hypothesis.
While the results obtained through Q statistics support this finding, the profits of different currencies were revealed
to have relationships with the lagged profits of the other currencies. In another study, Giannellis and Papadopoulos
(2009) aimed to explore the efficiency of foreign exchange markets of the Czech Republic, Slovakia and Poland,
which are 3 developing EU countries. Equilibrium exchange rates were modelled through VAR-based
cointegration tests by using basic macroeconomic indicators. Conventional and structural break unit root tests were
applied to analyse the significance of the deviations between the calculated equilibrium exchange rates and actual
rates. In the study which suggests that the rates contain all accessible information in case the series related to
deviations are stationary, accordingly the market is efficient; the foreign exchange market of Poland was
discovered to be efficient, the foreign exchange market of Czech Republic was away from being efficient and the
foreign exchange market of Slovakia was semi-strong efficient. Firoj and Khanom (2018) tested EMH for the
foreign exchange market of Bangladesh. They used three different unit root tests and cointegration tests. Even
though the findings of unit root tests applied through seven different currencies provided contradictory results for
Japanese Yen and Sweden Krona against the currency of Bangladesh, they supported the market efficiency in
weak-form for the other 5 currencies. Johansen cointegration test was applied to test the semi-strong efficiency
form, it was observed that there are cointegrations between all currencies and it was concluded that the market
breaks the semi-strong efficiency form.
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Azad (2009) tested the RWH and efficiency hypothesis for foreign exchange markets of 12 Asian-Pacific
countries. Individual and panel unit root tests and two variant ratio tests were applied in the study. The unit root
tests provided proofs for unit roots for all series and the variant ratio tests provided proofs for martingale behavior
for most of the series when the daily data were used. When the weekly data were used; while the panel unit root
tests determined the presence of unit roots in foreign exchange rates, individual unit root tests could identify unit
roots for 10 markets. Variant ratio test rejected the martingale behavior for most of the rates. Barkoulas et al.
(2003) aimed to investigate the weak-form efficiency for foreign exchange markets through dataset consisting of
daily spot and forward rates of US Dollar against 6 different currencies by using the Johansen Likelihood Ratio.
The results support the efficiency of the foreign exchange market for 6 main currencies by revealing that the
forward premiums of all analysed rates are stationary.

3. Methodology

Most of the financial time-series, share prices, real estate profits, precious metals, foreign exchange rates,
etc. serve as models for the RWH and those variables can show trends without any kind of specific direction. The
RWH serves as an important model for the non-stationary process, i.e. unit root process (Gujarati, 2012).
Therefore, it is possible to explain why the unit root test is applied to explore the weak-form market efficiency in
this way. Even though some different methods were applied to analyse the weak-form of EMH in the literature, it
has been seen that the traditional unit root tests which are pretty popular recently and unit root tests considering
structural breaks have been performed.

As mentioned earlier, this paper utilizes Harvey linear test, standard and structural breaks unit root tests,
and nonlinear ESTAR unit root tests. Hence, a brief explanation of these tests is outlined in this section. To this
end, firstly; Harvey et al. (2008) linearity test where a linearity analysis will be carried out to the series. Then,
KPSS (1992) test among standard unit root tests, ADF type Zivot-Andrews (1992) (henceforth called the ZA) and
LM type Lee-Strazicich (2013) (henceforth called the LS) tests will be included to be applied for linear series and
ESTAR type Kapetanios et al. (2003) (called the KSS) and Kruse (2011) tau unit root tests for non-linear series
will be introduced.

The some standard unit root tests that can be performed to analyse for the null hypothesis of deterministic
trend against unit root alternative of non-stationarity (Matebejana et al., 2017: 115). One of these tests is the KPSS
test developed by Kwiatkowski et al. (1992). This test based upon the Lagrange multiplier test for the assumption
that the random process has zero variance. This test is employed for analysing a null hypothesis that an observable
time series is stationary around a deterministic trend. (Firoj and Khanom, 2018: 101). In other words, different
from the hypotheses established in ADF and PP tests, the null hypothesis suggests that series are stationary and
alternative hypothesis suggests that series contain unit roots in the KPSS test. The KPSS test performs similarity
to the Lagrange multiplier test.

Let’s assume that the y; (t=1,2,...,T) series is a tested series of stationarity. In the KPSS test, an observable
time series can be formulated as a sum of three components which are deterministic time trend, a random walk,
and a stationary error term. The KPSS test in the literature follows the following linear regression equity.

ytzﬂt+¢l+gt (1)

In the equation (1), y, is the observed time series, £, is the deterministic trend, t is the time series, ¢ is the
error term. If the y; is stationary (I(0)), the random walk equation is important for testing the model. The random
process in the equation assign a logged value from random term (¢,) and it is demonstrated as follows:

P =0ty 2

where, ¢, is a random walk, ¢ deterministic trend, u, is identical and independently distributed error term. There is
no autocorrelation between ¢; and u; in the equation 1 and 2. While calculating the KPSS test statistics, firstly y; is
regressed on the truncation and trend, then the total partial processes (S;) of the residuals are calculated as follows:

S, =Ye t=1,2,3,..,T 3)

where, e, ,t = 1,2,3,....,T are residuals which are obtained from the regression of y which contains trends and
intercept. S; is the partial sum of deviations of residuals and the following long run variance of ¢ is identified:

o’ = lim T'E(S;) 4)

If there is no deterministic trend in the series, regress {);} on deterministic components which consist either
of a constant or of a constant and trend. The LM statistic is defined as (Kwiatkowski et al. 1992: 163):
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LM = iS—'Z (5)

=10,

where o, is the variance of & ando,” =Y. &’ /T . However, residuals may be autocorrolated with each other.
Hence, under the null hypothesis, o’ is a consistent estimator of the long-run variance of &, it is calculated by

s (f) errors. In this case, the test statistic will be reformulated as follows:

LM = zS /52 (1) (©6)

In the KPSS test, s~ (f ) is a consistent Newey-West estimator of the long run variance o? of the regression
error (Newey and West, 1987: 704). In this test method, it is the Barlett Kernal window estimation method which
enables s (f ) to be positive and it is expressed with the following equation Kwiatkowski et al. 1992: 165):

s'(0)=T"¢ +2T"" Z/: i w(s,0)ee,, ™

T=1 t=s+1

In Equation (7), w(s,( ) is a non-compulsory weighting function that corresponds to the preference of a
spectral window and w(s,l@ ) =[l-s/(+1)]. [1-s/(£+1)] is an optional weighting function utilized to smooth
the sample auto covariance function (Ibrahim et al., 2011: 59). The lag truncation parameter should be (f ) —>

while it was (f ), T — o in order for the s (f ) estimator to enable consistency (Schwert, 1989: 147).

In the KPSS test, critical values were derived by a simulation and are listed in Kwiatkowski et al. (1992)
and the Hy and H; hypotheses for this test are stated as follows:

Hp. there is no unit root test in the series that is the series is stationary,
H;: there is a unit root test in the series that is the series is not stationary.

According to the Perron (1989) and Chen (2002), the KPSS test has the power to refuse the Ho hypothesis
of level and trend stationarity of a time series in the existence of structural regimes. Therefore, the KPSS test was
applied to determine the stationarity of linear time series in this paper.

Besides, Perron (1989) indicated in the analyses of time series that the unit root tests applied ignoring
breakpoints formed between the analysis periods can provide insufficient results and the unit root tests induce to
false non-rejection of the null when there is stationary alternative linearity and the structural breaks are not
considered (Perron, 1997). The disadvantage of traditional unit root tests that they ignore a possibility for structural
breaks in models. This is because; policy changes, crisis, important changes in sectors or external factors etc. may
cause breaks in the economic indicators of the countries. Since different results will be revealed as a result of
testing the stationarity of possible structural breaks in the series because those unit root tests do not consider the
structural breaks in the series, applying also the unit root tests considering structural breaks can be useful.
Therefore, by including the structural breaks into the unit root process in the time-series, the structural break unit
root tests are enabled to be developed. By considering the abovementioned issues, the ADF-type based ZA (1992)
and LM-type based LS (2013) unit root tests with one break are used in the analysis.

If the standard unit root tests discover the series as non-stationary, unit root tests with structural breaks are
used to analyse whether non-stationarity is caused by a structural break. Since the standard unit root tests do not
consider the structural breaks in the series and thus the potential structural breaks will provide different results as
a result of stationarity tests for potential structural breaks, it will be beneficial to apply unit root tests with breaks
considering structural breaks. Besides; to examine whether the series in the study are affected from the structural
breaks in the Next 11 countries, ZA (1992) and LS (2013) unit root tests with structural breaks testing the
stationarity under structural break.

ZA (1992) test with structural break is based on Perron (1989) test. In order to support the test procedure
on determining the break points of Perron a data-based algorithm is used. Additionally, the authors criticized the
Perron’s test procedure by indicating that the break points occurred in the series can be determined endogenously,
not exogenous. By criticizing the Perron’s (1989) external break points assumption, a new unit root test procedure
was developed considering an estimated break in the trend function under alternative hypothesis (Zivot and
Andrews, 1992). The authors obtain a solution and endogenously identified a structural break where the unit root
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statistic is the minimum. The authors suggested three different test statistics analysing the existence of unit roots
in case the existence of structural breaks in the series. These models are shown in Equation (8-10). In the Zivot-
Andrews (1992) test the following regression equations are estimated for all potential breaks and ¢ statistics is
calculated for estimated parameters. ZA (1992) provided a unit root test based on the following three models
against a structural break alternative (Zivot and Andrews, 1992: 254):

Model A (break in intercept)
Yt ::u+ﬂt +9DUt(T;7)+ayz—l +21]‘(:ICiAyt—i +et (8)

Model B (break in trend)

Y, = pu+ B +yDT(T) +ay,  + XAy, +e, ©)
Model C (break in both)
Y, = u+f+0DU,(T,)+7DT,(T,) +ay, , +LEic Ay, +e, (10)

Each of three models is equal to ADF test when break variables are removed. Here; ¢ = 1,2,...,T indicates
time, 75 indicated break time and 73/T indicates break point. The DU; is the dummy variable in the level and DT;
is the dummy variable in the slope demonstrating the structural change in the models. Ay, ; terms are added on

the right side of the equations in order to prevent potential autocorrelation in the error terms. 7, on the right side
of the equation is the break point and A = 7/T. Authors suggest the ‘trimming region’ be specified as [0.15T,
0.85T] (Narayan and Smyth, 2004: 708). The existence of breakpoint is only sought in 4 zone (Yilanci and Ozcan,
2010: 25). In Equation (8-10), DU, is an indicator dummy variable while D7;is corresponding trend shift variable
at a possible break-date. Considering the following equations:

1 t>1T, t=-TA t>TA
DU(A) = DT ()= (11)
0¢<T, 0 t<T,

We have chosen the structural break base on the minimum value of 7 statistic for a a. In the equations above,
the null hypothesis will be as “Hy: the series contain unit roots” and the alternative hypothesis will be as “H;: the
series are stationary with a structural break determined internally”. For each of the three models; in case of & =0,
the null hypothesis will not be able to be rejected, i.e. it will mean the unit roots exist. In the ZA test, for t = 1,
2,...,(T-1) regressions in the number of (7-2) are established successively through the Least Squares (LS) method
by using a different dummy variable for each of the potential breakpoint and the breakpoint which is in the model
where o which is the coefficient of y;-1 variable has the least ¢ statistic is selected as the proper break point in order
to determine the break point. After the break date is determined; in case the calculated ¢ statistic of a is bigger than
ZA (1992) critical value, the main hypothesis which indicates the existence of unit roots without structural break
is rejected. In case the obtained ¢ statistic is smaller than ZA (1992) critical value as an absolute value, the
alternative hypothesis indicating that the series are trend stationary with a structural break formed in the trend
function (Y1lanci, 2009: 328). Perron (1997) accepted that most of the time series can be modelled by using Model
A and Model C. Therefore, model A and model C is widely preferred when ZA (1992) test is applied in the
literature. To this end, in this study, we employed model A and Model C which are the most comprehensive
specification.

There are some other LM-type test strategies aside from the ADF-type test strategies used in the analysis
of unit roots with breaks widely. The most common tests among them are the LS (2013) test with a one break. The
basic logic of those tests is that they act according to the LM principal and they determine the break date
endogenously.

Considering the following regression equations for LM unit root test:

¥, =6Z, +eand e, = fe,_, +¢, (12)

Here, Z; denotes the vector containing exogenous variables, &, =iidN (O,az) denotes residuals. The null

hypothesis is determined as = 1 to test the unit roots. If the Z; exogenous variable is determined by considering
the single break, the Model A allows single break in the constant term. When D is ¢ > T;+1, it is equal to the Z; =
[1,t, D] value in the numbered model to indicate the dummy variable which 0 value is assigned for in other cases.
The Model C is used in order to test the break for constant and trend. When the Model C DT; is t > Tp+1, t-T)
indicates the dummy variable which 0 value is assigned for in other cases.

The LS (2003) test is acquired from the Equation (13) for the regression estimation:
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Ay, =8M\Z, + ¢S, +¢, (13)

A

In this equation, S, |, =y, -y —-Z S

t~-12

=1,2,..., T. 5 indicates the coefficients obtained from the
regression of Ay, on AZ,. y_ is constituted with y, —Z 6 . y; and Z; indicate the starting values of the matrixes.
The null hypothesis is constituted as ¢ = 0. The ¢ statistic which tests the main hypothesis of unit roots of LM test
statistics is obtained through 7 value. After clipping 15% from the start and the end to determine the break times,
LM, = chc T (ﬂ) is selected from the points where the 7 test statistic is minimum among the remaining dates. In

other words, date of the structural breaks is identified by choosing the break with the lowest value possible. The
hypotheses to discover whether the series contain unit roots or not are as follows: Ho: “They contain unit roots, i.e.
the series are not stationary.” Hi: “They do not contain unit roots, i.e. the series are stationary.” The unit root main
hypothesis is refused in case the test statistics obtained through ZA (1992) and LS (2013) tests are higher than the
ZA (1992) table critical values.

Economic series can be linear or non-linear series due to the reasons caused by the characteristics of the
series. However, linearity assumptions are crucial for econometric analyses. For example; the reason for non-
linearity in the exchange indexes can be the existence of heterogeneous actors, asymmetric information, and
inefficiency market. When the data characteristics display nonlinear, the linear unit root tests may not hold strength
and accurate interpretations. Just as the strength of conventional unit root test decreases in the conditions where
structural breaks are not considered, the same happens for not applying the tests which are non-linear but acts as
linear for the series. It can cause for the series to be interpreted incorrectly. Thus, the nonlinear unit root test
introduced by Kapetanios et al. (2003) and Kruse (2011) are performed in the time-series econometrics literature.
Within this context, it is necessary to analyse the series in terms of linearity in order to reveal their characteristics.
It has been seen that many linearity tests have used in the empirical literature. There are tests introduced by Harvey
and Leybourne (2007) and Harvey et al. (2008) among them. The Harvey et al. (2008) has better finite sampling,
dimension and strength characteristic when it is compared to the Harvey and Leybourne (2007) test. Besides; since
the Harvey et al. (2008) test method is based on the Wald statistic, it provides more consistent and strong results
when it is compared to the Harvey and Leybourne (2007) test. Due to the abovementioned reasons, the Harvey et
al. (2008) test was applied for the linearity analyses of the series in this study.

The linearity test which was added by Harvey et al. (2008) in the literature contains two different linearity
tests by assuming that the series are stationary and they contain unit roots. The weighted mean of those two tests
constitutes the Harvey et al. linearity test (Yilanci, 2013: 6). While the main hypothesis of the test indicates that
the series are linear, the alternative hypothesis indicates that the series are non-linear. If the test statistic calculated
as a result of the Harvey et al. test is lower than the table critical values prepared by Harvey et al. (2008), the main
hypothesis is accepted. The hypotheses in the Harvey et al. (2008) linearity test are as follows and the model under
the assumptions that the time series are stationary (I(0)) and the time series are non-stationary (I(1)) is estimated
through Equation (14) (Harvey et al., 2008: 3-4). Harvey et al. (2008) also suggested a method enabling to test the
linearity when the unit root characteristics of the time series are indefinite. In the cases where the time series are
integrated from stationary zero degree (I(0)), the following regression model is estimated to test the linearity:

V=B +By. +ﬂ2ytz—2 + ﬁ3yz3-3 +250 ﬂ4,jAyt—j Té; (14)

In the cases where the time series are from non-stationary first degree (I(1)), the following regression model
is estimated to test the linearity:

Ay, =40y, + 4, (AJ’H )2 +4, (AyH )3 + zﬁ?:l ﬂ’4,jAyt—j +é, (15)

In the equation, A indicates the difference operator and p indicates the lag number. After Harvey et al.
(2008) determined the suitable lag number as (p) and maximum lag number as p,...= int[8(T/100)"4], they suggest
to determine them through successive test method by using 10% significance level.

Under the null hypothesis, the standard Wald statistic is calculated to test the constraints. For the model at
the 1(0) level, the case where the null hypothesis is linearity and the alternative hypothesis is non-linearity are
defined as follows:

Ho,1(0): B2=PB3= 0 (linear)
Hi00): B2# B3 # 0 (non-linear)
The null and alternative hypotheses in the I(1) level are identified as follows:

Ho,10): A2= As= 0 (linear)
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Hi00): A2 # A3 # 0 (non-linear)

The approach suggested by Harvey et al. (2008) can also be used in the cases where the (y;) linearity degree
of the series are uncertain. For those kinds of cases, the authors developed the following weighted statistics to test
the linearity under null hypothesis and non-linearity under alternative hypothesis. The Wald test is calculated
separately for the case where the series are stationary both at the level and in the first difference for this reason.
The test statistics ¥, calculated for stationarity and W, calculated for non-stationarity in the equation and the
Harvey et al. (2008) I, test statistic are calculated as follows:

W, ={1= A} W, + AW, (16)

where A value is a function that converges in probability to zero if the series are stationary at the I(0) level, and it
is one if the series are stationary at the I(1) level. 4 is a function which approximates to zero if the series are
stationary, and which approximated to one if the series are non-stationary.

If the test statistic calculated as a result of the Harvey et al. test is lower than the table critical values
prepared by Harvey et al. (2008) the main hypothesis is accepted, otherwise the main hypothesis is rejected.

The Harvey et al. (2008) test is carried out to evaluate whether the series are linear. Applying linear unit
root tests for the non-linear series can cause to obtain incorrect results. Therefore; in the cases where the time
series are non-linear, it is essential to perform the non-linear unit root tests in order to determine the unit root
characteristics. It has been observed that the ESTAR-type unit root tests are frequently used to estimate the
behaviours of the non-linear time series. To address this concern, in the empirical analysis stage of the study, the
non-lincar ESTAR unit root tests suggested by Kapetanios et al. (2003) and Kruse (2011) which are preferred
frequently in the literature are used finally. KSS critical table values are used for Kapetanios et al. (2003) test and
tau critical table values are used for Kruse (2011) test in order to analyse whether the series contain unit roots.

Kapetanios et al. (2003) suggested a test based on ESTAR model to analyse the stationarity globally in the
non-linear time series. KSS test is a version of linear ADF unit root test developed for non-linear structures. A
brief introduction of Kapetanios et al. (2003) is presented in the following equations. When the y, series are date
to test the existence of unit roots under null hypothesis and of global stationary ESTAR process under alternative
hypothesis, the following ESTAR regression model is identified:

Ay =ay, +¢y,, (I—GXP{—V(,VHC)Z})M, (17)

where y; can be raw data, demean and detrend according to the data generation process of the relevant variable.
is smooth transition and c is location parameters. In the Model (3); if & = 0, when the ESTAR model is y = 0, the
random walk (unit root) transforms into a process. The stochastic term ¢ is supposed to be normally distributed,
with a zero mean and a constant variance. Additionally, y > 0 is known as a transition parameter of the ESTAR
model which represents the transition process. In Equation (17), the maintained hypotheses are that Ho: unit root
(y=0) and that H,: Nonlinear, but globally stationary (y > 0). Thus, under the a = 0 constraint, the model (19) can
be rewritten as follows:

&y, =gv,. (1o {7 (11¢) |+, (18)

A random process can be obtained by applying the restriction ¢ = 0 in the Model (18). Kapetanios et al.
(2003) applied the assumption of ¢ = 0 to test whether the time series contain unit roots from Equation (18),
therefore they obtained the following model.

Ay, =gy, (1-exp {7321} +4, (19)

KSS test used the Taylor approach to test the unit root main hypothesis (Ho: y = 0) against global stationary
ESTAR process (H;: y > 0). The authors indicated the Taylor approach from the first degree of the soft transition
autoregressive main model through the following equation by assuming that the transition variable lags in the KSS
test are exactly equal (Kapetanios et al., 2003: 363-365):

J
Ay, =8y + X Py, e, (20)

The asymptotic critical values of ¢y, statistics are obtained for the three cases (raw data, demean data and
detrend data) in the study of Kapetanios et al. (2003). The Equation (21) is estimated after the suitable data
generation process is obtained in this test process. Then the hypothesis tests are applied for the equation (20). After
the model is estimated, the ¢ statistic value of the relevant series is compared with the Ty; critical table value
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provided by KSS for each of the cases (raw data, demean data and detrend data). In the case where the null
hypothesis is rejected, the series are decided to be stationary with smooth structural breaks.

Afterwards, Kruse test (2011) which is called the tau test in the time-series econometrics literature. Kruse
(2011) is the development function of KSS test and it has introduced that in real world. Therefore, the author
extends the KSS unit root test to permit for a nonzero location parameter, namely, ¢, to be zero (Anoruo and
Murthy, 2014). Kruse (2011) suggested a model under the assumption of ¢ # 0 by eliminating the assumption of ¢
= 0 in the study of Kapetanios et al. (2003). The time series model allowing the location parameter which is not
zero at the exponential smooth function in Kruse (2011) test can be indicated as follows:

&y, =gy (1=exp (- (v = f)+e @1

where ¢ is 1ID (0, 62), y is the smoothing parameter and c is the location parameter. Following Kapetanios et al.
(2003), Kruse (2011) performs a first order Taylor expansion to the transition function

G(y._:7.¢)= (1 —exp {—}/( Vi —c)2 }) around y = 0. Thus, KSS test procedure is expressed in the following the

regression test (Vasconcelos and Junior, 2016: 120):

Ay, = ﬂly?—l + ﬂzytz—l + By, +u, 22)
To enhance the power of the test, Kruse (2011) imposes B3 = 0 on equation (22); thus:
Ay, = Byl + Byl +u, (23)

Accordingly, Kruse (2011) suggested tau (7) test in his study to test the unit root main hypothesis (Ho: pi1 =
B2 = 0) against global stationary ESTAR process (Hi: B1 <0, B2 = 0), which is based on the Wald test developed
by Abadir and Distaso (2007). Kruse (2011) tau test is indicated in the following equation.

r=c,  +1(B<0) (24)

The critical values for 7 statistic in the Kruse (2011) test are tabled for three cases as in KSS test. After the
model is estimated, the ¢ statistic value of the relevant series is compared with the 7 critical table values provided
by Kruse for each of the three cases. In case the null hypothesis is refused, the series are accepted to be stationary
with smooth structural breaks.

4. Data and Results

In this paper, the validity of the market efficiency in the weak-form of the foreign exchange rate of US
Dollar in the country group identified by Goldman Sachs (2007) as Next 11, depending on their economic growth
performance and population structure was studied. Therefore; by considering the accessibility of the data, the
dataset of the study consists of the natural logarithm of the monthly closing prices of the foreign exchange rates
between January 1997 and December 2019 of the Next 11 countries. The US Dollar currency was preferred for
this study since it is the most preferred currency variable analysed in the literature. Besides, it was also preferred
since it has higher liquidity in the international markets. The series included by the analyses are obtained from
investing.com. To address this concern, we first begin with the Harvey et al. (2008) linearity test in order to specify
the characteristics of exchange rates. Following this conclusion, firstly, we employ the KPSS test which does not
consider any structural breaks in the data. Afterward, we employ more relevant unit root tests that permit one
structural break, ZA (1992) and LS (2013) tests to examine the determine of structural breaks. We then employ
ESTAR type Kapetanioset et al. (2003) and Kruse (2011) tests for non-linear series. Harvey et al. (2008) linearity
test, Kapetanioset et al. (2003) and Kruse (2011) tests were performed by using R for windows; KPSS test was
applied by using Eviews 10.0; ZA (1992) and LS (2003) tests were applied by using Gauss 10.0. Detailed data
descriptions reported in Table 1.

Table 1: Data Descriptions of Next 11 Countries

(Cl\?el;;t; 11e)s ]%;csh]a)r(lﬁl(; ll}s;ltes Period Covered Observation
Bangladesh USD/BDT 01/1997-12/2019 276
Egypt USD/EGP 01/1997-12/2019 276
Indonesia USD/IDR 01/1997-12/2019 276
Iran USD/IRR 01/1997-12/2019 276
Mexico USD/MXN 01/1997-12/2019 276
Nigeria USD/NGR 01/1997-12/2019 276
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Pakistan USD/PKR 01/1997-12/2019 276

Philippines USD/PHP 01/1997-12/2019 276
Turkey USD/TRY 01/1997-12/2019 276
South Korea USD/KRW 01/1997-12/2019 276
Vietnam USD/VND 01/1997-12/2019 276

Notes: For consistency for a time series analysis, we express all the series based on a common currency
denominator of US dollars.
Source: investing.com.

Table 2 presents basic descriptive for the variables used in our analyses.

Table 2: Descriptive Statistics of Next 11 Countries

Countries Mean Median Maximum Minimum Std. Dev. Jar-Bera
Bangladesh 66.95440 68.77500 85.17000 42.45000 12.01358 17.30519"
Egypt 6.925475 5.763300 18.72500 3.389700 4.127102 246.8775"
Indonesia 10014.31 9392.500 15202.50 2376.500 2499.057 24.30197"
Iran 13743.95 9315.000 44180.00 1747.500 11883.98 49.05385"
Mexico 12.50433 11.38000 20.83400 7.772000 3.322267 39.61083"
Nigeria 157.0286 133.1000 330.2500 75.72000 65.16102 100.7791"
Pakistan 7720717 64.10000 146.9550 40.08000 24.46562 17.03404"
Philippines 46.75078 46.76500 56.35000 26.33100 6.123639 44.99923"
South Korea 1131.004 1130.150 1695.000 864.0000 126.5655 67.96801"
Turkey 1.776942 1.506400 6.538000 0.116200 1.201022 176.1476"
Vietnam 17830.96 16140.00 23412.50 11182.50 3454.696 20.27907"

Source: Own calculation and values acquired from Eviews.
Note: “p <0.01. The series are not normally distributed.

The descriptive statistics of the data of the time series provide strong idea tips related to the things happened
in the past. Therefore, analysing the data by evaluating the descriptive statistics is important to form an opinion.
Table 2 reports mean, maximum, minimum, and standard deviation and Jarque Bera exchange rates of the Next
11 countries. The statistical description is being calculated based on the monthly closing prices of the Next 11
countries’ exchange rates. The mean of Bangladesh is ranging from 42.45 to 85.17, of Egypt is from 3.3897 to
18.725, of Indonesia is ranging from 2376.5 to 15202.5, of Iran is ranging from 1747.5 to 44180, of Mexico is
ranging from 7.772 to 20.834, of Nigeria is ranging from 75.72 to 330.25, of Pakistan is ranging from 40.08 to
146.955, of Philippines is ranging from 26.331 to 56.35, of South Korea is ranging from 864 to 1695, of Turkey
is ranging from 0.1162 to 6.538, of Vietnam is ranging from 11182.5 to 23412.5. It was observed that Indonesia
has the highest average with 9966.483 and Turkey has the lowest average with 1.731723 among those series. It
was also observed that Iran has the highest standard deviation value with 11559.38 and Turkey has the lowest
standard deviation value with 1.128896 among those series. Besides, the standard deviation values of the foreign
exchange rates of the countries are not close to each other. The high standard deviation values prove the high
instability of the series in the analysed period. Turkey was observed to have the lowest foreign exchange mobility
in the Next 11 countries. According to the Jarque Bera test statistics, the null hypothesis where the data fits into
normal distribution is rejected. In other words, the fact that Jarque-Bera assigns high values as test values supports
the results where the series do not have a normal distribution. The progress of the data of the exchange rate for the
mentioned period is indicated in Figure 1. Figure 1 displays the graph from January 1997 to December 2019.

Figure 1: The Plot of the Data of Exchange Rate




Source: Own calculation and values acquired from Eviews.

The foreign exchange rates of the Next 11 countries can be observed to increase significantly between 1997
and 2019 in Figure 1. The plot of the data of the exchange rate in Figure 1 approves the findings of unit root tests
in that these exchange rates display a trend. Furthermore, it is also possible to observe that the foreign exchange
rate series of the Next 11 countries have unstable structures. Besides, the differences in the relevant data during
the analysed period also attract attention. In 2008, there is a break experienced on the foreign exchange rate series
of the Next 11, and it reflects the effect of the global financial crisis. The macroeconomic conditions between 1997
and 2019 can be interpreted as they caused increases in the foreign exchange rate series of the Next 11. The
currencies of the Next 11 can be observed to continue to lose their values against the dollar. Furthermore, the
observation time series for exchange rates reveal the existence of possible structural breaks and regime shifts.

If time series is stationary, their average and variance do not change in time. If the series are non-stationary,
the variance of the series depends on time (Gujarati, 2003). Stationarity implies the temporary effect of any
information or shock while non-stationary that is unit root existence will reflect the permanent effect of the
information or shock. Stationary series return to their long-run averages. The average and variance of the non-
stationary time series depend on time (Ertugrul and Soytas, 2013).

In this study, where it is analysed whether the foreign exchange rates of the Next 11 countries are converged
to the group average, the unit root tests with different characteristics are used. In the wide-ranging unit root test
analysis, the findings of the linear unit root tests, the results of the unit root tests with structural breaks and the
results of the non-linear unit root tests are provided respectively.

Before applying the non-linear unit root tests on the foreign exchange rate series, it is necessary
to determine whether the series is linear as a primary test. The results of the Harvey et al. (2008) test
statistics determining the characteristics of the analysed series are indicated in Table 3.

Table 3: The results of Harvey et al. (2008) Linearity Test

Exchange Rates (US Dollars) W Results
Bangladesh 9.008™ Non-linear
Egypt 1.457 Linear
Indonesia 24.373*" Non-linear
Iran 6.281" Non-linear
Mexico 0.318 Linear
Nigeria 11.674™" Non-linear
Pakistan 8.642™ Non-linear
Philippines 11.993™ Non-linear
South Korea 64.692™"" Non-linear
Turkey 2.891 Linear
Vietnam 6.083"" Non-linear

Notes: Exchange rates represent the exchange rate against the US dollar. The W statistic follows the x>
distribution and the relevant critical values are 9.21 (1%), 5.99 (5%) and 4.60 (10%). The estimation and tests
were conducted using a program code written in GAUSS that was introduced by Harvey et al. (2008). ™ and ™
denote the rejection of the null of linearity at the 1% and 5% significance level, respectively.

Source: Own calculation and values obtained from R for Windows.

While the main hypothesis of the Harvey et al. (2008) linearity test indicates that the series is linear, the
alternative hypothesis indicates that the series is non-linear. According to the results of the Harvey et al. (2008)
linearity test carried out for the foreign exchange rate series of the Next 11; the test statistic values calculated for
the series of Bangladesh, Indonesia, Iran, Nigeria, Pakistan, Philippines, South Korea, and Vietnam were found to
be higher than the determined critical values. On the other hand; the test statistic values calculated for the series
of Egypt, Mexico and Turkey are found to be lower than the determined critical values. It revealed that the
exchange rate series of the countries except Egypt, Mexico and Turkey are nonlinear with 1% and %5 significance
levels, whereas the series of other countries are linear. Therefore, the main hypothesis indicating that “the analysed
series are linear” where the linearity is tested cannot be rejected for the series of Egypt, Mexico, and Turkey. As a
result, the hypothesis of linearity is, hence, rejected in 8 cases of 11 Next 11. It means that the foreign exchange
markets of those countries are hypersensitive against internal and external shocks.

After the characteristics of the series are determined, the next step is to analyse whether the EMH is valid
for the foreign exchange rate values of the Next 11, i.e. whether those values follow a random walk. The
conventional unit root tests with breaks are used for the countries with linear foreign exchange rate values and
ESTAR-type unit root tests are used for the countries with non-linear foreign exchange rate values firstly. Several
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stationarity tests have been developed for the non-linear series. In this study, the ESTAR-type Kapetanios et al.
(2003) and Kruse (2011) new generation unit root tests which have been widely preferred in the literature recently
are used.

Firstly, we apply the KPSS test as a traditional unit root test to evaluate the degree of integration
of the linear series. In our analysis, both intercept and trend and intercept models were taken into
consideration while performing the KPSS test. The lag length selection is based on Schwarz and Akaike
information criterion. Based on this basic finding, the linear unit root test developed by KPSS (1992)
for linear series was utilized and the results are tabulated in Table 4.

Table 4: The Results of Traditional Unit Root Tests

Kwiatkowski et al. (1992) (KPSS) unit root test

gif:sa?ﬁg)e Intercept Trend & Intercept

Level 1st difference Level 1st difference
Egypt 1.616862 0.194078" 0.245214 0.078261"
Mexico 1.912648 0.038612" 0.216875 0.034516"
Turkey 1.628868 0.621407"" 0.265045 0.142867""

Notes: KPSS test is selected automatically by Newey and West Band with using Bartlett Kernal Spectral
estimation method. * and ** denote the rejection of the null of a unit root at the %1 and %5 significance level at
first difference, respectively. The KPSS unit root test indicates that all series are integrated of I(1). Test equations
for all cases contain an intercept and time trend. The critical values for the KPSS test on the intercept 0.739 (1%),
0.463 (5%) and 0.347 (10%), the critical values for the KPSS test on the trend and intercept 0.216 (1%), 0.146
(5%) and 0.119 (%10). The dollar-denominated exchange rates of these countries include unit roots both in
intercept models and models with trends and intercept, and their integration degrees are I(1).

Source: Own calculation and values obtained from E-views 10.0.

In Table 4; the KPSS test results of, Egypt, Mexico, and Turkey which are the countries with linear structure
among the Next 11. Models that have both trends and intercepts are considered for this test. It was determined that
the foreign exchange rate values denominated in dollar of all countries are non-stationary at the level values in the
models which have both trends and intercepts, hence these countries have unit roots; however, denominated in the
dollar series of these countries are stationary at the different significance levels of 0.01, and 0.05 for their first
differences, hence any pair of these countries do not contain unit roots. Accordingly, it was concluded that the
foreign exchange rate series denominated in dollar contain unit roots. The results of the KPSS test indicated that
the foreign exchange rates denominated in dollar of the Next 11, namely Egypt, Mexico, and Turkey conform with
the weak-form EMH. In this case, it is not possible to predict future prices through the previous price trends of
those countries and to obtain abnormal profits by using technical and basic analysis methods. According to another
result, it was observed that the series have coincidental distribution; therefore, the series are also in conformity
with the RWH. Consequently; since the foreign exchange rates in those countries follow the RWH, it is possible
to say that it is impossible to earn abnormal profits through previous price information or technical analysis
methods. However; since the conventional unit root tests do not consider the breaks in the series, it is important to
reveal the results of a unit root test considering the breaks. Accordingly; a unit root test considering structural
breaks was also used to analyse the stationarity of the foreign exchange rate series of the linear countries, i.e.
whether they are efficient in weak-form. The aim here is to obtain better results by using unit root tests with breaks
providing better results when they are compared with the conventional unit root tests to test the stationary and to
analyse whether the conventional unit root tests show consistency with the results of the unit root tests with breaks.
Therefore, ADF-type ZA (1992) test and LM-type LS (2013) test which allow a one break to be determined
internally in the series were used to analyse the validity of the weak-form market efficiency of the foreign exchange
series for the linear countries.

The results of the unit root test with structural breaks used to analyse the existence of the weak-form efficient
market in Egypt, Mexico, and Turkey countries are presented in Table 5. The Model A which indicates the breaks
at the intercepts and the Model C which indicates the breaks at the trends and intercepts are considered. The linear
unit root tests developed by ZA (1992) and LS (2013) for linear series were used and the results are reported in
Table 5.

Table 5: The Results of Unit Root Test with One Structural Break

Exchange Rates ZA (1992) ADF Test

(US Dollars) Model A Breakpoints Model C Breakpoints
Egypt -3.551 10/2015 -2.919 05/2013
Mexico -4.527 09/2014 -4.307 09/2014
Turkey -4.418 05/2006 -3.704 08/2015
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Exchange Rates LS (2013) LM Test

(US Dollars) Model A Breakpoints Model C Breakpoints
Egypt -1.710 12/2014 -2.877 10/2015
Mexico -2.957 112014 -3.816 08/2014
Turkey -0.891 01/2002 -2.532 02/2003

Notes: Zivot-Andrews (1992) test indicates the single break unit root test; Lee-Strazicich (2013) indicates the LM-
type single break unit root test. The values in the Model A and C indicate the t-statistic. The model A indicated
the break on the intercept model and the model C indicates the break on the intercept and trend models. The optimal
lag length is selected using Schwarz and Akaike information criterion. The critical values related to the statistics
of the test were taken from the study of Zivot-Andrews (1992). The critical values for the Zivot-Andrews test:
Model A: -5.34, -4.80 and -4.58; Model C: -5.57, -5.08 and -4.82 at the 1%, 5% and %10 levels, respectively. The
critical values for the Lee-Strazicich test: Model A: -4.239, -3.566 and -3.211; Model C: (-5.05 to -5.11), (-4.45 to
-4.50) and (-4.17 to -4.21) at the 1%, 5% and %10 levels, respectively.

Source: Author’s compilation and values obtained from Gauss 10.0.

According to the results of the ZA (1992) unit root test allowing a single break; the results of the Model A
which indicates the changes at the level where one break is considered for the series of all countries and of the
Model C which allows changes at the level and at the trend indicate that the test statistic determined at the 0.01
significance level is lower than the critical value as an absolute value. The hypothesis indicating that the foreign
exchange rate series of all countries contain unit roots at the significance level of 0.01 for Model A and Model C
at the level. Therefore, the existence of the EMH is determined for all the countries. The results of ZA (1992) test
indicated that it is not possible to predict the future values through the previous values of the series and it is also
not possible to earn profits higher than the market average. Besides, the Ho main hypothesis is not rejected for the
foreign exchange rate series of all the countries. It was discovered through the ZA (1992) test that the foreign
exchange rate series of Indonesia are not in conformity with the weak-form market efficiency hypothesis and
RWH. The results of the LS (2013) test allowing a single break indicated that the unit root main hypothesis is not
rejected for the foreign exchange rate series of all countries. According to the results of the LS (2013) test; none
of the series are non-stationary with a single break at the significance level of 0.01 for Model A and Model C,
when the first differences of the series containing unit root at the level values are taken, they become stationary,
and therefore the integration degree of the series is I(1). For this reason, it indicates that the weak-form of the
EMH is valid for the foreign exchange rate series of those countries. According to those results; it is observed that
the foreign exchange rate values in those countries reflect all of the current data, they follow a random walk and it
is impossible to predict the future values of the foreign exchange prices through previous prices of the foreign
exchange rate values. Consequently, it is possible to say that it is impossible to earn abnormal profits in the markets
of those countries through the previous price data or technical analysis methods. When the results of the unit root
tests from Table 4 and Table 5 are compared, it can be observed that they provided consistent results for the data
between 1998 and 2019. Accordingly; it can be inferred that the conventional unit root tests and unit root tests
considering breaks provide same results, and the linear foreign exchange rate series of the Next 11, namely Egypt,
Mexico, and Turkey contain unit roots. It was concluded through those results and the results of the conventional
unit root tests and unit root tests with breaks that a shock on the foreign exchange rate prices is permanent for
Bangladesh, Egypt, Indonesia, Mexico, Philippines, South Korea, Turkey and Vietnam, and the prices are inclined
to return to the trend. Those results indicate that the mobility of the foreign exchange rate in Next 11 are not
affected by their previous values and they do not have predictable structure. Therefore, the relevant results for
linear series reveal that the selected foreign exchange rate profits of the Next 11 are efficient in weak-form.

According to the ZA (1992) and LS (2013) tests; the dates of the estimated structural breaks as a result of
the tests applied separately are observed to be expanded in a period between 2002 and 2015. According to the
estimation results, the period between 1998 and 2019, for which the structural breaks are detected, corresponds to
the terms when the important external and internal events occurred. Those structural breaks on the foreign
exchange rates of the Next 11 indicate the period affected by the global crises in 2008 in international economy.
It is possible to say that the periods affected by the global financial crisis in 2008 are different for the countries
and it affect the economies of some countries later. This is because this crisis based on the mortgage crises in USA
occurred at beginning of 2008 and it lasted until the end of 2011. Therefore, it is possible to say that the foreign
exchange rate values of the Next 11 differ before and after the global financial crisis and it affected the countries’
national markets. Besides, it is also possible to say for Turkey that the Turkish economic crisis in 2001 has an
important role to determine the dates of the estimated breaks for both of the unit root tests.

In the Table 6, the results of the nonlinear ESTAR unit root tests suggested by Kapetanios et al. (2003) and
Kruse (2011) applied to determine the unit root characteristics of the non-linear foreign exchange rate series
included by the analysis are presented in 3 different columns as raw data, demean data and detrend data.
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Table 6: Results of the ESTAR Type Unit Root Tests

Exchange Rates KSS (tn1) | tau (t)

(US Dollars) Raw Demeaned Detrended Raw Demeaned Detrended
Bangladesh 3.5562 -2.8521" -3.2075" 22.0828"" 12.1565™ 11.3307
Indonesia 0.9893 -2.8467" -2.8696 23.4893™" 11.7182™ 13.2448™
Iran 1.5917 -1.3518 -3.0366 3.9296 4.5042 10.4097
Nigeria 2.2865 -0.2443 -1.6233 5.5117 3.8574 3.0350
Pakistan 3.1729  -0.8535 -2.1696 10.6890™ 14.8401™" 6.05704
Philippines 1.0734  -3.9322™" -3.6801 18.3306™" 18.5927"" 15.1898™
South Korea 0.1450  -6.1981"" -6.0029™*" 16.3465™" 41.3445™ 44.5513™"
Vietnam 47510  -2.9949" -3.4779"" 28.8167""" 24.0554™ 16.14491™
Critical Values

%1 -2.82 -3.48 -3.93 13.15 13.75 17.10

%5 -2.22 -2.93 -3.40 9.53 10.17 12.82

%10 -1.92 -2.66 -3.13 7.85 8.60 11.10

Notes: KSS(tnr): Kapetanios et al. (2003). t: Kruse (2011). The critical values for the two statistics are obtained
from KSS (2003) and Kruse (2011). “ ™ and * denote the rejection of the null of a unit root at the %1, %5 and
10% significance level, respectively. Optimal lag length was selected using Schwarz and Akaike information
criterion with maximum lag order of 12.

Source: Author’s compilation and values obtained from R for Windows.

The results of the KSS and tau non-linear unit root tests for the 8 countries whose foreign exchange rate
series are non-linear are presented in the Table 6. According to the KSS test results; Bangladesh, Indonesia, Iran,
Nigeria and Pakistan contain unit roots for foreign exchange rate of dollar for the demeaned and detrended models
whereas Philippines, South Korea and Vietnam do not contain unit roots for foreign exchange rate of dollar for the
demeaned and detrended models. According to the results of the KSS test, it was discovered that the foreign
exchange yields of Bangladesh, Indonesia, Iran, Nigeria and Pakistan are non-stationary. Accordingly, the weak-
form of the EMH is valid for Bangladesh, Indonesia, Iran, Nigeria and Pakistan while is not valid for the
Philippines, South Korea and Vietnam. According to the results of Kruse (2011) tau test; the foreign exchange rate
yields of Iran and Nigeria in the raw, demeaned and detrended models are found to be containing unit roots. It was
observed that while the foreign exchange rate yields of Bangladesh contain unit roots in the detrended model, it
does not contain unit roots in the raw and demeaned models. On the other hand; the foreign exchange rates of
Pakistan were determined not to contain unit roots in the raw and demeaned models, in the detrended model, and
it contains unit roots. Accordingly, the weak-form of the EMH is valid for Bangladesh, Iran, Nigeria and Pakistan
while is not valid for the Indonesia, Philippines, South Korea and Vietnam. Similar results are indicated for the
other countries with the exception of the Indonesia.

The results of the KSS unit root test indicate that the weak-form EMH is valid for the foreign exchange rate
series of Bangladesh, Indonesia, Iran, Nigeria and Pakistan, and the foreign exchange rate series of Philippines,
South Korea and Vietnam are not in weak-form efficiency. The results of tau unit root test indicate that the weak-
form EMH is valid for the foreign exchange rate series of Bangladesh, Iran, Nigeria and Pakistan within the
analysed period. In other words, it is possible to say that it is impossible to earn profits above the average of the
market through the previous price trends of the foreign exchange rates of those 4 countries and any kind of shock
in the foreign exchange market is expected to be permanent.

When all analyses carried out for the foreign exchange series of the Next 11 countries are evaluated, it is
observed that the linearity hypothesis is not rejected for Egypt, Mexico and Turkey; and it is rejected for
Bangladesh, Indonesia, Iran, Nigeria, Pakistan, Philippines, South Korea and Vietnam. Except in a very few cases,
obtained results from unit root tests provide support for the validity of the weak-form of EMH. According to the
KPSS (1992) and ZA (1992), LS (2013) unit root test results, it is observed that weak-form of efficiency market
hypothesis is valid for all Next 11, namely, Egypt, Mexico and Turkey countries’ exchange rates. While the KSS
test supports the existence of weak-form of efficiency market hypothesis, the Kruse (2011) test which is relatively
more recent rejects the existence of weak-form of efficiency market hypothesis. Therefore, the current value of
the exchange rates of Bangladesh, Indonesia, Iran, Nigeria and Pakistan cannot be predicted using its historical
prices. This implies that the future price of the index is correlated with historical prices.

Our results show mainly that the majority of Next 11 countries follow random walk process and, therefore,
are weak-form efficiency. Depending on these results, it can be asserted that exchange rates of Next 11 countries
follow random walk process. Therefore, it supports the result which indicates that it is not possible to predict the
future prices through the previous data of the foreign exchange prices in those markets.
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5. Conclusion and Policy Implications

For the national economies of the small countries which have intense exportation sectors with import-
dependence such as Next 11, exchange rate is considered to be very important. It is argued by the followers of the
EMH that since the producers and consumers have to pay large amounts as a result of excess exchange rate
volatility and thus their decisions will be less allocative and finally the real economy is damaged. Accordingly, it
is crucial for the policy-makers. If the foreign exchange market is efficient; since the exchange rates cannot be
predicted, the governments can influence the exchange rate movement at a limited degree. The informational
efficiency raises investment opportunities of investors by appeasing moral hazard and asymmetric information
issues associated with the traders of exchange markets. Hence, it depends on the market efficiency whether
investors can compose beneficial investment opportunities by means of micro-macro-economic conditions. Within
this context, it was analysed whether the weak-form efficiencies of the foreign exchange rate profits are valid for
those countries by analysing the Next 11 separately in terms of their foreign exchange rate profits through the
comprehensive unit root tests. The Harvey et al. (2008) test was employed to explore the characteristics of the
foreign exchange rate series of the countries primarily for this reason. The analysis of the stationarity of the series
was observed through the KPSS (1992) among the conventional unit root tests, ZA (1992) and LS (2013) tests
which allow one break among the unit root tests with breaks. The stationarity of the non-linear series were analysed
through the ESTAR-type Kapetanios et al. (2003) and Kruse (2011) unit root tests.

According to the results of the Harvey et al. (2008) test, it was concluded that the foreign exchange rate
series of Egypt, Mexico and Turkey are linearity; and the foreign exchange rate series of Bangladesh, Indonesia,
Iran, Nigeria, Pakistan, Philippines, South Korea and Vietnam are non-linearity. Two different unit root tests were
applied as conventional unit root test and unit root test with breaks for the countries with linear foreign exchange
rate series. In the analysis of the linear foreign exchange rate series, the results of the KPSS (1992), the ZA (1992)
and the LS (2013) unit root tests revealed that the null of a unit root, namely Ho hypothesis indicating that the
foreign exchange rate series of Egypt, Mexico and Turkey contain unit roots cannot be rejected. All of the three
unit root tests provided consistent results. According to the three unit root tests; it was concluded that the selected
foreign exchange rate yields of Egypt, Mexico and Turkey are non-stationary and they contain unit roots. It is
possible to say that the weak-form market efficiency hypothesis is valid for the foreign exchange rates of those 3
countries analysed in this study. Consequently; since the foreign exchange rate yields follow a random walk in
those countries, it is possible to say that it is impossible to earn abnormal profits through the previous price data
or technical analysis methods in those countries. In the analysis of the non-linear foreign exchange rate series; the
KSS unit root test indicated that the foreign exchange rate yields of Bangladesh, Indonesia, Iran, Nigeria and
Pakistan are non-stationary; they contain unit roots while others do not. The Kruse (2011) unit root test indicated
that the foreign exchange yields of Iran and Nigeria is non-stationary for all three of the raw, demeaned and
detrended models; the foreign exchange rate yields of Bangladesh and Pakistan are non-stationary in detrended
model, and they contain unit roots. In general, those results support that the weak-form EMH is valid for the foreign
exchange markets of the Next 11 countries; the markets are efficient in the weak-form; those markets follow the
RWH to determine the prices; the investors behave rationally; therefore, the participants cannot earn abnormal
profits from the foreign exchange markets in the Next 11. Those results indicate that the shocks on the foreign
exchange markets and the policies to be followed will have permanent effects for the Next 11 and they can also
affect the other macroeconomic factors. Another result of the study indicates that it is more sufficient to analyse
the foreign exchange rate series through the non-linear unit root tests in addition to the linear unit root tests and
unit root tests with breaks. According to the another result of the study, each of the break points determined in all
series is determined to occur during the global financial crisis from USA which started in 2008 and lasted until the
end of 2011.

The results of this study have substantial policy suggestions for policymakers and participants of the foreign
exchange market of Next 11. Finding a solution to the validity of weak-form market efficiency problem that
induces substantial economic and financial problems is one of the field missions for policymakers. The effect of a
well-working, developed and efficient financial structure to establish a stable economic structure is obvious for all
countries. Therefore, the countries should develop strategies supporting the existence of the innovative financial
markets in their growth policies and they should provide incentives because market information efficiency
provides encouragements for investors to go into new investment initiatives and companies. In the countries where
the EMH is provided, the rates for savings increase and the investment opportunities for financial instruments and
cushion of capitals are presented to the national economy. Given the weak-form efficiency of the exchange rate of
Next 11, increased foreign exchange market activities will undoubtedly lead to the recovery in the allocation of
funds because an efficient exchange market plays a role to the efficient allocation of a nation’s financial funds.
Hence, it is crucial for the policymakers to develop long-run policies for their financial markets to be efficient.
However, in an inefficient exchange rate, government responsibilities can evaluate the best way to affect exchange
rates, decrease exchange rate movements and determine the outcomes of different economic policies. Besides;
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since those countries have fragile economic structures, the foreign exchange selections become more important
for them.

It is observed from the studies carried out that the rates of savings increase and the investment opportunities
for financial instruments and cushion of capitals are presented to the national economy in the countries where the
EMH is provided. Within this context, providing the market efficiency is crucial for the Next 11 which has fragile
structures in terms of increasing the rates of savings and providing investment opportunities for financial
instruments. Therefore, the policy-makers should take the necessary measures, carry out legal regulations and
provide several incentives to enable the efficient market hypothesis to be valid. It is necessary to remove the fragile
structure of the Next 11 in the financial markets and to direct the current resources to the investments in a best
way possible. Several policies should be developed to minimize the extreme mobility of the foreign exchange
markets of the Next 11 countries. Enabling a capital market which is efficient and which fulfils its duties will
contribute to the development of the national economies and financial markets undoubtedly. Furthermore, it can
be important for the governments to guarantee to provide hot money flow to their own countries and that their
foreign exchange markets are efficient to enable to increase the number of investments in their own countries.

We recommended future studies consider exchange rates, other econometric models such as asymmetric
and nonlinear models and using different unit root tests to examine and compare with current findings. Moreover,
since most of the economic time series have unit roots, evaluating the Harvey test for the linearity analysis to be
carried out in the future will be beneficial for the reliability of the results. Additionally, the results to be obtained
through repeating those kinds of studies in different periods can guide the investors. The unit root tests considering
one structural break were also used in the study to analyse the stationarity of the linear series. It is necessary to
mention that there were several financial and economic crises in the developing countries during the analysed
period. From this point of view, it is suggested to study whether the foreign exchange rates are stationary and
whether the weak-form EMH is valid through the unit root tests considering multiple structural breaks. Besides,
this research only focused on weak-form market efficiency in Next 11, hence future studies might consider testing
the semi-strong and strong market efficiencies in Next 11.

REFERENCES

ABADIR, K. M. and Distaso, W. (2007). Testing joint hypotheses when one of the alternatives isone-sided.
Journal of Econometrics, 140, 695-718.

ALL S., SHAHZAD S.J. H., RAZA, N. and Al-Yahyaee, K. H. (2018). Stock Market Efficiency: A Comperative
Analysis of Islamic and Conventional Stock Markets, Physica A, 503, 139-153.

ALTUNOZ, U. (2016). Testing of the weak form market efficiency theory for Borsa Istanbul: Banking sector case.
The Journal of International Social Research, 9(43), 1619-1625.

ANANZEH, I. E. N. (2014). Testing the Weak Form of Efficient Market Hypothesis: Empirical evidence from
Jordan. International Business and Management, 9 (2), 119-123. http://dx.doi.org/10.3968/%25x

ANORUO, E. and MURTHY, V. N. R. (2014). Testing nonlinear inflation convergence for the Central African
economic and monetary community. International Journal of Economics and Financial Issues, 4(1), 1-7.

AZAD, A. S. M. S. (2009). Random walk and efficiency tests in the Asia-Pacific foreign exchange markets:
Evidence from the Post-Asian Currency crisis data. Research in International Business and Finance, 23(3),
322-338. https://doi.org/10.1016/j.ribaf.2008.11.001

BARKOULAS, J., BAUM, C. F. and CHAKRABORTY, A. (2003). Forward premiums and market efficiency:
Panel unit-root evidence from the term structure of forward premiums. Journal of Macroeconomics, 25(1),
109-122. https://doi.org/10.1016/S0164-0704(03)00009-0

CELIK, T. T. and TAS, O. (2007). Etkin piyasa hipotezi ve gelismekte olan hisse senedi piyasalari, Istanbul Teknik
Universitesi Dergisi/b, Sosyal Bilimler, 4(12), 11-22.

CHARFEDDINE, L. and KHEDIRI, K. B. (2016). Time varying market efficiency of the GCC stock markets.
Physica A: Statistical Mechanics and its Applications, 444, 487-504.
https://doi.org/10.1016/j.physa.2015.09.063

CHARFEDDINE, L., KHEDIRL K. B., AYE, G. C. and GUPTA, R. (2018). Time-varying efficiency of developed
and emerging bond markets: Evidence from long-spans of historical data. Physica A: Statistical Mechanics
and its Applications, 505, 632-647. https://doi.org/10.1016/j.physa.2018.04.004

CHARLES, A., DARNE, O. and FOULLIOUX, J. (2013). Market efficiency in the European carbon markets.
Energy Policy, Elsevier, 60, 785-792. https://doi.org/10.1016/j.enpol.2013.05.036

468


http://dx.doi.org/10.3968/%25x
https://doi.org/10.1016/j.ribaf.2008.11.001
https://doi.org/10.1016/S0164-0704(03)00009-0
https://doi.org/10.1016/j.physa.2015.09.063
https://doi.org/10.1016/j.physa.2018.04.004
https://doi.org/10.1016/j.enpol.2013.05.036

CHEN, M. Y. (2002). Testing stationarity against unit roots and structural changes. Applied Economics Letter, 9
(7), 459-464. https://doi.org/10.1080/13504850110091895

DEMIRELL E., AKKAYA, G. C. and IBAS, E. (2010). Financial market efficiency: An application on S&P 500
index. Cumhuriyet University Journal of Economics and Administrative Sciences, 11(2), 53-68.

ERTUGRUL, H. M. and SOYTAS, U. (2013). The stationarity properties of the industrial production index.
Iktisat, Isletme ve Finans, 328 (28), 51-66. http://dx.doi.org/10.3848/iif.2013.328.3751

FAMA, E. (1965). Random walks in stock market prices. Financial Analysts Journal, 21(5), 55-59.

FAMA, E. (1970). Efficient capital markets: A review of theory and empirical work. The Journal of Finance,
25(2), 383-417. https://www.]jstor.org/stable/2325486

FIROIJ, M. and KHANOM, S. (2018). Efficient market hypothesis: Foreign exchange market of Bangladesh.
International Journal of Economics and Financial Issues, 8(6), 99-103. https://doi.org/10.32479/ijefi.7097

FREUND, W. C., LARRAIN, M. and PAGANO, M. S. (1997). Market efficiency before and after the introduction
of electronic trading at the Toronto stock exchange. Review of Financial Economics, 6(1), 29-56.
https://doi.org/10.1016/S1058-3300(97)90013-6

GIANNELLIS, N. and PAPADOPOULOS, A. P. (2009). Testing for efficiency in selected developing foreign
exchange markets: An ecuilibrium-based approach. Economic Modelling, 26(1), 155-166.
https://doi.org/10.1016/j.econmod.2008.06.013

GIL-ALANA, L. A., GUPTA, R., SHITTU, O. I. and YAYA, O. S. (2018). Market efficiency of Baltic stock
markets: A fractional integration approach. Physica A: Statistical Mechanics and its Applications, 511,
251-262. https://doi.org/10.1016/j.physa.2018.07.029

GOZBASI, O., KUCUKKAPLAN, I. and NAZLIOGLU, S. (2014). Re-examining the Turkish stock market
efficiency: Evidence from nonlinear unit root tests. Economic Modelling, 38, 381-384.

GUJARATI, D. N. (2003). Basic Econometrics. Boston: McGraw-Hill.
GUJARATI, D. N. (2012). Basic Econometrics. Noida: Tata McGraw-Hill Education.

GUMUS, F. B. and Zeren, F. (2014). Analyzing the efficient market hypothesis with the fourier unit root tests:
Evidence from G-20 countries. Ekonomski Horizonti, 16(3), 225-237.

GUPTA, R. and BASU, P. (2007). Weak form efficiency in Indian stock markets. /nternational Business and
Economics Research Journal, 6(3), 57-64. https://doi.org/10.19030/iber.v6i3.3353

HARVEY, D. I. and LEYBOURNE, S. J. (2007). Testing for time series linearity. Econometrics Journal, 10(1),
149-165. https://www.jstor.org/stable/23116683

HARVEY, D. 1., LEYBOURNE, S. J. and XIAO, B. (2008). A powerful test for linearity when the order of
integration is unknown. Studies Nonlinear Dynamics and Econometrics, 12(3), 1-24.

HASANOV, M. and OMAY, T. (2007). Are the transition stock markets efficient? Evidence from non-linear unit
root tests. Central Bank Review, 2(2007), 1-12.

HILL, J. B. and MOTEGI, K. (2019). Testing the white noise hypothesis of stock returns. Economic Modelling,
76, 231-242. https://doi.org/10.1016/j.econmod.2018.08.003

IBRAHIM, J., LONG, Y., GHANI, H. A. and SALLEH, S. I. M. (2011). Weak-form efficiency of foreign
exchange market in the organisation for economic cooperation and development countries: Unit root test.
International Journal of Business and Management, 6(6), 55-65.

INVESTING.COM. https://tr.investing.com/currencies/streaming-forex-rates-majors

JEBABLI, I. and ROUBAUD, D. (2018). Time-varying efficiency in food and energy markets: Evidence and
implications. Economic Modelling, 70, 97-114. Jensen, M. (1978). Some anomalous evidence regarding
market efficiency. Journal of Financial Economics, 6(2-3), 95-101.

JENSEN, M. (1978). Some anomalous evidence regarding market efficiency. Journal of Financial Economics,
6(2-3), 95-101. https://doi.org/10.1016/0304-405X(78)90025-9

KAPETANIOS, G., SHIN, Y. and SNELL, A. (2003). Testing for a unit root in the nonlinear star framework.
Journal of Econometrics, 112(2), 359-379. https://doi.org/10.1016/S0304-4076(02)00202-6

469


https://doi.org/10.1080/13504850110091895
http://dx.doi.org/10.3848/iif.2013.328.3751
https://www.jstor.org/stable/2325486
https://doi.org/10.32479/ijefi.7097
https://doi.org/10.1016/S1058-3300(97)90013-6
https://doi.org/10.1016/j.econmod.2008.06.013
https://doi.org/10.1016/j.physa.2018.07.029
https://doi.org/10.19030/iber.v6i3.3353
https://www.jstor.org/stable/23116683
https://doi.org/10.1016/j.econmod.2018.08.003
https://tr.investing.com/currencies/streaming-forex-rates-majors
https://doi.org/10.1016/0304-405X(78)90025-9
https://doi.org/10.1016/S0304-4076(02)00202-6

KHEDIRI, K. B. and CHARFEDDINE, L. (2015). Evolving efficiency of stock and future energy markets: A
rooling sample approach. Journal of Behavioral and Experinental Finance, 6(C), 67-79.

KRUSE, R. (2011). A new unit root test against ESTAR based on a class of modified statistics. Statistic Papers,
52(1), 71-85. https://doi.org/10.1007/s00362-009-0204-1

KWIATKOWSKI, D., PHILLIPS, P. C. B., SCHMIDT, P. and SHIN, Y. (1992). Testing the null hypothesis of
stationarity against the alternative of a unit root. Journal of Econometrics, 54(1992), 159-178.

LEE, C., TSONG, C. C. and LEE, C. F. (2014). Testing for the efficient market hypothesis in stock prices:
International evidence from nonlinear heterogeneous panels. Macroeconomic Dynamics, 18(4), 943-958.
https://doi.org/10.1017/s1365100512000697

LEE, J. and STRAZICICH, M. C. (2013). Minimum LM unit root test with one structural break. Economics
Bulletin, 33(4), 2483-2492.

LEVY, R. (1967). The theory of random walks: A survey of findings. The American Economist, 11(2), 34-48.

MABAKENG, M. E. P. and SHEEFENI, J. P. S. (2014). Investigating the semi-strong efficiency in Namibia’s
foreign exchange market. Global Journal of Contemporary Research in Accounting, Auditing and Business
Ethics, 1(3), 168-181.

MATEBEJANA, G., MOTLALENG, G. and Juana, J. (2017). Foreign exchange market efficiency in Botswana.
Review of Economie and Business Studies, 10(1), 103-125.

MENSI, W., HAMDI, A. and YOON, S. M. (2018). Modelling multifractality and efficiency of GCC stock
markets using the MF-DFA approach: A comparative analysis of global, regional and Islamic markets.
Physica A: Statistical Mechanics and its Applications, 503, 1107-1116.

MENSI, W., TIWARI, A. K. and AL-YAHYAEE, K. H. (2018). An analysis of the weak form efficiency,
multifractality and long memory of global, regional and European stock markets. The Quarterly Review of
Economics and Finance, https://doi.org/10.1016/j.qref.2018.12.001.

NARAYAN, P. K. and SMYTH, R. (2004). Is South Korea’s stock market efficient? Applied Econometrics
Letters, 11(11), 707-710. https://doi.org/10.1080/1350485042000236566

NEWEY, W. K. and WEST, K. D. (1987). A simple, positive semi-definite, heteroskedasticity and autocorrelation
consistent covariance matrix. Econometrica, 55(3), 703-708.

NISAR, S. and HANIF, M. (2012). Testing weak form of efficient market hypothesis: Empirical evidence from
South-Asia. World Applied Sciences Journal, 17(4), 414-427.

NITM, C. G., ENGLISH, J., N\WACHUKWU, J. and WANG, Y. (2015). On the Efficiency of the global gold
markets. International Review of Financial Analysis 41, 218-236.

PELE, D. T. and VOINEAGU, V. (2008). Testing Market efficiency via decomposition of stock return. application
to Romanian capital market. Romanian Journal of Economic Forecasting, 3(2008), 63-79.

PERRON, P. (1989). The great crash, the oil price shock and the unit root test hypothesis. Econometrica, 57(6),
1361-1401. https://www.]stor.org/stable/1913712

PERRON, P. (1997). Further evidence on breaking trend functions in macroeconomic variables. Journal of
Econometrics, 80(2), 355-385. https://doi.org/10.1016/S0304-4076(97)00049-3

RIZVI, S. A. R. and ARSHAD, S. (2017). Analysis of the efficience-integration nexus of Japanese stock market.
Physica A: Statistical Mechanics and its Applications, 470, 296-308.
https://doi.org/10.1016/i.physa.2016.11.142

SACHS, G. (2007). BRICs and beyond. November 23, https://www.goldmansachs.com/insights/archive/archive-
pdfs/brics-book/brics-full-book.pdf

SAMUELSON, P. A. (1965a). Rational theory of warrant pricing. Industrial Management Review, 6(2), 13-39.
https://doi.org/10.1007/978-3-319-22237-0 11

SAMUELSON, P. A. (1965b). Proof that properly anticipated prices fluctuate randomly. Industrial Management
Review, 6, 41-49. https://doi.org/10.1142/9789814566926 0002

SCHWERT, G. W. (1989). Tests for unit roots: A Monte Carlo investigation. Journal of Business and Economic
Statistics, 7(2), 147-159. https://www.jstor.org/stable/1391432

470


https://doi.org/10.1007/s00362-009-0204-1
https://doi.org/10.1017/s1365100512000697
https://doi.org/10.1016/j.qref.2018.12.001
https://doi.org/10.1080/1350485042000236566
https://www.jstor.org/stable/1913712
https://doi.org/10.1016/S0304-4076(97)00049-3
https://doi.org/10.1016/j.physa.2016.11.142
https://www.goldmansachs.com/insights/archive/archive-pdfs/brics-book/brics-full-book.pdf
https://www.goldmansachs.com/insights/archive/archive-pdfs/brics-book/brics-full-book.pdf
https://doi.org/10.1007/978-3-319-22237-0_11
https://doi.org/10.1142/9789814566926_0002
https://www.jstor.org/stable/1391432

SHILLER, I. and RADIKOKO, I. (2014). Testing weak-form market efficiency on the TSX. The Journal of
Applied Business Research, 30(3), 647-658. https://doi.org/10.19030/jabr.v30i3.8550

STAKIC, N., JOVANCAI, A. and KAPOR, P. (2016). The efficiency of the stock market in Serbia. Journal of
Policy Modelling, 38(1), 156—165. https://doi.org/10.1016/j.jpolmod.2015.12.001

TABAK, B. M. (2007). Testing for unit root bilinearity in the Brazilian stock market. Physica A: Statist. Mechanics
and its Applications, 385(1), 261-269. https://doi.org/10.1016/j.physa.2007.06.010

TANG, B., SHEN, C. and GAO, C. (2013). The efficiency analysis of the European CO2 futures market. Applied
Energy, 112, 1544-1547. https://doi.org/10.1016/j.apenergy.2013.02.017

TAS, O. and TOKMAKCIOGLU, K. (2010). Efficient market hypothesis and comovement among emerging
markets. Dogus University Journal, 11(2), 286-301.

TIWARI, A. K. and KYOPHILAVONG, P. (2014). New Evidence from the random walk hypothesis for BRICS
stock indices: A wavelet unit root test approach. Economic Modelling, 43, 38-41.
https://doi.org/10.1016/j.econmod.2014.07.005

VASCONCELOS, C. B. F. and JUNIOR, L. A. L. (2016). Validity of purchasing power parity for selected Latin
American countries: Linear and non-linear unit root tests. EconomiAd, 17(1), 114-125.

WANG, J., ZHANG, D. and ZHANG, J. (2015). Mean reversion in stock prices of seven Asian stock markets:
Unit root test and stationary test with fourier functions. International Review of Economics and Finance,
37 157-164. https://doi.org/10.1016/j.iref.2014.11.020

WESTERLUND, J. (2013). Simple unit root testing in generally trending data with an application to precious
metal prices in Asia. Journal of Asian Economics, 28, 12-27. https://doi.org/10.1016/j.asiec0.2013.04.004

WICKREMASINGHE, G. B. (2008). Predictability of exchange rates in Sri Lanka: A test of the efficient market
hypothesis. Asian Academy of Management Journal of Accounting and Finance, 3(2), 43-59.

WORTHINGTON, A. C. and HIGGS, H. (2006). Weak-form market efficiency in Asian emerging and developed
equity markets: Comparative tests of random walk behaviour. Accounting Research Journal, 19(1), 5-63.

YILANCI, V. (2009). Analyzing the unemployment hysteresis for Turkey under structural break. Dogus
University Journal, 10(2), 324-335.

YILANCI, V. (2013). Ekonometri semineri ders notlari. Sakarya Universitesi, 1-104.

YILANCI, V. and OZCAN, B. (2010). Analyzing the relationship between defense expenditures and GNP for
Turkey under structural breaks. Cumhuriyet University Journal of Economics and Administrative Sciences,
11(1), 21-33.

ZHANG, D., WU, T. C., CHANG, T. and LEE, C. H. (2012). Revisiting the efficient market hypothesis for African
countries: Panel SURKSS test with a Fourier function. South African Journal of Economics, 80(3), 287-
300. https://doi.org/10.1111/5.1813-6982.2011.01314.x

ZHAO, X., WU, L. and LI, A. (2017). Research on the efficiency of carbon trading market in China. Renewable
and Sustainable Energy Rev., 79, 1-8. https://doi.org/10.1016/j.rser.2017.05.034

ZIVOT, E. and ANDREWS, D. W. K. (1992). Further evidence on the great crash, the oil-price shock, and the
unit-root  hypothesis.  Journal of Business & Economic  Statistics, 10(3), 251-270.
https://doi.org/10.1198/073500102753410372

471


https://doi.org/10.19030/jabr.v30i3.8550
https://doi.org/10.1016/j.jpolmod.2015.12.001
https://doi.org/10.1016/j.physa.2007.06.010
https://doi.org/10.1016/j.apenergy.2013.02.017
https://doi.org/10.1016/j.econmod.2014.07.005
https://doi.org/10.1016/j.iref.2014.11.020
https://doi.org/10.1016/j.asieco.2013.04.004
https://doi.org/10.1111/j.1813-6982.2011.01314.x
https://doi.org/10.1016/j.rser.2017.05.034
https://doi.org/10.1198/073500102753410372

