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ABSTRACT

We test whether the Indonesian foreign exchange market is efficient. Since empirical
evidence has been inconclusive, we employ a new generalized autoregressive
conditional heteroskedasticity-based unit root test to examine the Efficient Market
Hypothesis (EMH). The advantages of this model are that it accommodates two
endogenous structural breaks and heteroskedasticity. Tests that account for structural
breaks reject the EMH in only 29% of cases. When we accommodate both structural
breaks and heteroskedasticity, we find the EMH is rejected in 50% of cases. Finally, we
examine the half-life of exchange rates and find that 71% of rates revert to equilibrium
within a month.
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I. INTRODUCTION

This paper tests whether the Indonesian Foreign Exchange (FX) market is efficient.
The Efficient Market Hypothesis (EMH) argues that asset prices fully incorporate
all information available. Given that prices fully reflect all information available,
we cannot consistently gain from arbitrage on a risk-adjusted basis (Fama, 1965,
1970; Samuelson, 1965). Various studies have empirically examined the validity of
the EMH, with mixed findings, leading to the proposition of flexible forms of the
hypothesis (Fama, Fisher, Jensen, and Roll, 1969; Basu, 1977; Lo, 2004; Timmermann
and Granger, 2004; Neely, Weller, and Ulrich, 2009; Narayan, Liu, and Westerlund,
2016). Although the hypothesis has been largely tested for stock markets, it has
only recently gained significant attention in the FX markets. The evidence from
the FX market literature is also mixed at best (Belaire-Franch and Opong, 2005;
Giannellis and Papadopoulos, 2009; Al-Khazali, Pyun, and Kim, 2012; Katusiime,
Shamsuddin, and Agbola, 2015).

Rejection of the EMH in the FX market implies that investors and/or
traders can extract profit by exploiting pricing anomalies and that policies
pursued under the assumption of an efficient market could be ineffective (Iyke,
2017). This would, in turn, require interventions by the relevant authorities to
correct the market mispricing. Amidst the mixed evidence in the literature, we
present a new test of the EMH using a Generalized Autoregressive Conditional
Heteroskedasticity (GARCH)-based test for unit roots. The merit of this approach
is that it accommodates two endogenous structural breaks and accounts for
heteroskedasticity.

A common characteristic of financial variables (e.g. the exchange rate) is the
presence of structural breaks, normally resulting from policy changes, changes to
economic fundamentals, or sudden economic downturns (Nelson and Plosser, 1982;
Perron, 1989). To address the structural break problem, various structural break unit
root tests have been proposed in the literature. For instance, the seminal unit root
test of Perron (1989) assumes that the structural breaks are exogenous (Zivot and
Andrews, 2002). Subsequent studies addressing this problem (i.e. endogenizing
the structural breaks) are, among others, those of Perron and Vogelsang (1992),
Lumsdaine and Papell (1997), Lee and Strazicich (2003), and Narayan and Popp
(2010; NP hereafter). Both exogenous and endogenous structural break tests make
the rather restrictive assumption that the error term associated with the regression
specification of the tests is independent and identically distributed, or i.i.d. (see
also Ling and Li, 2003; Gospodinov, 2008; Narayan, Liu, and Westerlund, 2016).
However, as demonstrated by Kim and Schmidt (1993), the unit root null is
frequently rejected if the i.i.d. error assumption is violated.

Thus, our main contribution is to sidestep the i.i.d. error assumption by
employing the recently developed test for unit roots of Narayan, Liu, and
Westerlund (2016), which accommodates structural breaks endogenously and
conditional heteroskedasticity. The literature corroborates that exchange rates are
suitably characterized by GARCH(1,1) (Bollerslev, 1990; Alexander and Lazar,
2006; Rapach and Strauss, 2008). Thus, a test of FX market efficiency based on unit
root techniques should be founded on the most appropriate exchange rate model.
We claim that ours is founded on the most appropriate exchange rate model.
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Another contribution is that we examine the implications of the rejection or
acceptance of the unit root null on the exchange rate’s speed of adjustment to
equilibrium. There is limited evidence in this area. We first show that the exchange
rates of Indonesia exhibit up to two structural breaks. Then, we show that the error
terms associated with the exchange rate models are far from i.i.d. From two tests of
unit roots that account for structural breaks but not for heteroskedasticity, we find
that the EMH is rejected for approximately 29% of the FX rates. We further explore
the hypothesis by accounting for both structural breaks and heteroskedasticity. We
find that the rejection rate of the EMH is quite a bit higher (50%). We find the results
to be generally robust using daily data. Moreover, we find that the FX market was
less efficient pre-crisis when we split the sample into before and after the Asian
Financial Crisis (AFC). Finally, we examine the adjustment of these exchange rates
to equilibrium by computing their half-life. We find that approximately 71% of the
exchange rates revert to their mean within one month following a deviation. This
could mean that the FX market is efficient in the short term.

The AFC of 1997-1998 predominantly affected three countries: Indonesia,
South Korea, and Thailand (Goldstein, 1998; Yamazawa, 1998). Notable during
the crisis were the breakdown of the Thai baht and the sharp depreciation of the
Indonesian rupiah and South Korea won (Goldstein, 1998; Yamazawa, 1998; Cerra
and Saxena, 2002; Enoch, Frécaut, and Kovanen, 2003). As noted by Goldstein
(1998), the AFC originated in Thailand, following a speculative attack on the Thai
baht.? Following the painful recovery of these countries from the crisis, there is
recent evidence of a sharp depreciation in the Indonesian rupiah. On 3 September
2018, the rupiah recorded its lowest rate since the start of 2018 of 14.777 per dollar -
the lowest since the peak of the AFC — and 8.93% depreciation (Tan, 2018). Amidst
these currency events, our quest is to examine whether the rupiah FX market is
efficient. The Indonesian FX market is particularly suitable for this study because
bilateral rupiah exchange data are available, thus limiting the need to compute
cross-rates.

We proceed in the remaining sections as follows. Section Il reviews the literature
on the EMH in the context of the FX market. Section III presents our data. Section
IV outlines our empirical testing strategies. Section V presents the empirical results
and the half-life analysis. Section VI provides concluding remarks.

II. LITERATURE REVIEW

The earliest conceptualization of the efficient market theory remains debatable
(Jovanovic, 2012). However, formal theoretical exposition of the EMH is credited
to Fama (1965). The EMH argues that asset prices fully incorporate all information
available, thereby preventing market participants from consistently gaining from

2 Before the crisis, Thailand was practising a fixed exchange regime, with the baht pegged against
the US dollar. The government failed to devalue the then-overvalued currency, in spite of the fact
that the currency was not sufficiently backed by foreign reserves. Following market pressures, the
baht was floated, leading to a massive depreciation, countrywide market reactions, and full-blown
regional contagion (Goldstein, 1998).
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arbitrage on a risk-adjusted basis (Fama, 1965, 1970; Samuelson, 1965). The theory
argues that asset returns tend to exhibit a random walk behavior (Fama, 1965;
Malkiel, 2003). Hence, analysts (investors) cannot use fundamental or technical
analysis to consistently generate risk-adjusted excess returns. Analysts can only
outperform the market by buying riskier assets or using inside information (Fama
and French, 2012).

The core assumption of the EMH is that economic agents are rational and
thus maximize their utility following rational expectations (Fama, 1965). This
means agents update their expectations, on the average, as soon as new relevant
information arrives in the market. Specifically, the reactions of agents should be
random and normally distributed to make market returns unexploitable after
accounting for transaction costs (Fama, 1965). Depending on the completeness
of information available to the agents, the EMH is grouped into three forms.
Weak form efficiency argues that past asset prices or returns are poor predictors
of future asset prices or returns (Fama, 1970). Semi-strong form efficiency argues
that publicly available information is a poor predictor of future asset prices or
returns (Fama, 1970). Strong-form efficiency argues that all information (public
and private) is a poor predictor of future asset prices or returns (Fama, 1970).

The theory of EMH has been disputed by behavioural financial studies. These
studies argue that asset markets are inefficient, owing to human errors, including
but not limited to information bias, overconfidence, and overreaction (De Bondt
and Thaler, 1985; Daniel and Titman, 1999; Jegadeesh and Titman, 2001; Malkiel,
2003; Shiller, 2003). These human-related errors (associated with information
processing and judgement) yield an equilibrium wherein investors purchase
growth stocks at the expense of value stocks. Hence, it is possible for investors
who are less prone to these errors to outperform the market (Malkiel, 2003; Shiller,
2003).

The adaptive market hypothesis of Lo (2004) aims to blend the EMH and
inefficiencies induced by human-related errors. The adaptive market hypothesis
argues that markets are ecological systems where heterogeneous agents compete
for profits. The profits are cyclical such that competition erodes extant profitable
opportunities, while new ones come up. The presence of heterogeneous agents
means that different trading strategies are available in the markets and that markets
transition through varying degrees of efficiency and changes in the composition of
agents (Lo, 2004). Consistent with this theory, Timmermann and Granger (2004)
contend that there is no dominant trading strategy in the markets because, if there
were, all agents would exploit it, thus driving profits to zero. Similarly, markets
are enhanced over time because old, inefficient processes are supplanted by more
efficient ones (Timmermann and Granger, 2004).

The results of empirical tests of the EMH have been largely mixed. What
remains clear, though, is that the evidence generally rejects strong forms of the
hypothesis (Basu, 1977; Rosenberg, Reid, and Lanstein, 1985; Fama and French,
1992). The consensus is that the assumptions underlying the strong forms of EMH
are far from reality and that markets are likely exhibit weak form efficiency (Lo
and MacKinlay, 1988; Timmermann and Granger, 2004). Generally, the weak form
EMH implies that prices are unpredictable and excess returns are absent (see also
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Katusiime, Shamsuddin, and Agbola, 2015). Common tests of the weak form EMH
are the variance ratio and unit root tests. In the following, we briefly review the
variance ratio and unit root studies and then highlight our motivations.

Lo and MacKinlay (1988), using their variance ratio test, find that the weak
form EMH is not supported by data. The variance ratio test of Lo and MacKinlay
(1988) has motivated the development of other versions of the test, including the
Wald joint variance ratio test (Richardson and Smith, 1991), the multiple variance
ratio test (Chow and Denning, 1993), the automatic variance ratio (Choi, 1999),
the sign- and rank-based variance ratio tests (Wright, 2000), the wild bootstrap
variance ratio test (Kim, 2006), and the wild bootstrap automatic variance ratio test
(Kim, 2009). Evidence from studies based on the variance ratio tests is mixed (Park
and Irwin, 2007; Chiang, Lee, Su, and Tzou, 2010; Lim and Brooks, 2011; Charles,
Darné, and Kim, 2012).

Similar to the variance ratio studies, unit root studies have examined the
weak form EMH with varying degrees of success (Narayan, Liu, and Westerlund,
2016). These studies employ either time series techniques (Chaudhuri and Wu,
2003) or panel data techniques (Balvers, Wu, and Gilliland, 2000). As documented
by Narayan, Liu, and Westerlund (2016), the more recent unit root tests have
documented evidence supporting the mean reversion of asset prices. This implies
that it is possible to predict asset prices and thus the weak form EMH is rejected
by recent studies.

We are motivated by three issues in the literature. The first is that variance ratio
tests largely do not incorporate the structural breaks that often characterize asset
prices. The unit root studies that handle this issue mainly assume that structural
breaks are exogenous. We address this problem by allowing structural breaks to
be endogenous.

The second issue is that studies have generally failed to incorporate the
heteroskedastic behaviour of the variance of the error terms linked to the time
evolution of asset prices. More technically, studies have made the rather restrictive
assumption that the error term associated with the regression specification of the
tests is i.i.d. (see also Ling and Li, 2003; Gospodinov, 2008; Narayan, Liu, and
Westerlund, 2016). However, Kim and Schmidt (1993) show that the unit root null
is frequently rejected if the i.i.d. error assumption is violated. Therefore, we test
the weak form EMH using a unit root test that addresses this issue.

The third issue is that studies on EMH have broadly focused on stock markets.
Recent studies have extended EMH tests to advanced economy FX markets (Neely,
Weller, and Ulrich, 2009). Specifically, these studies show that simple trading rules
are unprofitable in these markets (Olson, 2004; Park and Irwin, 2007; Harris and
Yilmaz, 2009; Neely, Weller, and Ulrich, 2009; Serban, 2010). Using a battery of
variance ratio tests, Katusiime, Shamsuddin, and Agbola (2015) find FX market
inefficiency and a few short episodes of efficiency for a developing country. We
add to these studies by analysing the FX market of an emerging market economy.
Our extension permits us to explore how long it takes for exchange rates to revert
to their means.
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III. DATA

We use monthly data on bilateral exchange rates between Indonesia and its top
15 major trading partners, namely, Australia, China, Germany, India, Japan,
Malaysia, the Netherlands, Pakistan, the Philippines, Taiwan, Thailand, Singapore,
South Korea, the United States, and Vietnam.? We use monthly data because, when
compared with daily or intra-day data, they are readily available for an extended
period. Note that we replicate our main results using daily data. The common
starting period for the daily data is 15 February 1979 and the monthly data start
in January 1978. This is not necessarily a disadvantage of the daily data. The main
issue is that daily observations are not available for five of the exchange rates from
20 May 2013 to 06 January 2015.* We replace these missing observations using
data from the respective trading partner’s central bank and other sources.’ Due to
the nature of the daily data compilation, we rely on monthly data throughout the
analysis to ensure consistency and reliability.

We use the longest sample period available for each bilateral exchange rate
when Indonesia had adopted a floating or managed float exchange rate regime.
Under a floating or managed float regime, bilateral exchange rates are mainly
determined by market conditions, which is necessary when testing FX market
efficiency. By following the exchange rate regime classifications developed by
Reinhart and Rogoff (2004), we see Indonesia has operated a managed float regime
since 1978 (see also Ilzetzki, Reinhart, and Rogoff, 2017). Hence, our sample starts
in January 1978 and ends in July 2018.

The bilateral exchange rates are for the rupiah per US dollar (IDR/USD), IDR/
CNY, IDR/EUR, the rupiah per Indian rupee (IDR/INR), the rupiah per yen (IDR/
JPY), the rupiah per South Korean won (IDR/KRW), IDR/MYD, the rupiah per
Pakistan rupee (IDR/PKR), the rupiah per Philippine peso (IDR/PHP), IDR/SGD,
the rupiah per Taiwan dollar (IDR/TWD), the rupiah per Thai baht (IDR/THB),
and the rupiah per Vietnamese dong (IDR/VND).® Data on all exchange rates are
obtained from Global Financial Database.

These trading partners are determined from three sources: World’s Top Exports (WTEx; see http://www.

worldstopexports.com/indonesias-top-15-import-partners), World Integrated Trade Solution (WITS; see

https://wits.worldbank.org/CountryProfile/en/Country/IDN/Year/2016/TradeFlow/EXPIMP/Partner/by-
country#), and the Observatory of Economic Complexity (OEC; available at https://atlas.media.mit.edu/
en/ profile/country/idn).

* These exchange rates are for the rupiah per Australian dollar (IDR/AUD), the rupiah per yuan (IDR/
CNY), the rupiah per euro (IDR/EUR), the rupiah per Malaysian dollar (IDR/MYD), and the rupiah per
Singapore dollar (IDR/SGD).

> For instance, IDR/AUD rates are taken from https://www.rba.gov.au/statistics/historical-data.
html#exchange-rates and IDR/CNY rates are from https://www.exchangerates.org.uk/CNY-IDR-
exchange-rate-history-fullhtml. In some instances, daily observations are missing for particular dates.
We fill such gaps using the arithmetic average of adjacent observations.

¢ Data for the IDR/VND rate of exchange are not readily available. Therefore, we use the USD/VND

and IDR/USD rates to calculate the cross-rates of the IDR/VND exchange rate (i.e. IDR/VND=(IDR/

USD)*(USD/VND)). The IDR/EUR rate is used as the exchange rate for Germany and the Netherlands.
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Figure 1 plots these exchange rates. The bilateral exchange rates of Indonesia
mostly experienced depreciation during the sample period. The period between
April 1997 and June 1998 shows the highest depreciation, marked greatly by the
AFC of 1997-1998 and the Indonesian banking crisis (Cerra and Saxena, 2002;
Enoch, Frécaut, and Kovanen, 2003). This period of sharp depreciation (upward
movement in the exchange rate) was followed by a sharp appreciation (downward
movement in the exchange rate) from July 1998 to December 1998, when the
financial markets started recovering from the crisis (see Figure 1). The sharp
appreciation of the rupiah against the Vietnamese dong between September 1983
to September 1985, immediately after the Vietnam War of 1955 to 1975, is also
notable. In the post-AFC period, the rupiah was stable against two currencies,
the Indian and Pakistani rupees (Figure 1). Sharp breaks in the exchange rates,
particularly during the AFC, necessitate structural break frameworks to model
them. We formally test for the presence of structural breaks in Section V.

Figure 1. Bilateral Exchange Rates of Indonesia and
Its Top 15 Trading Partners

The figure shows the movements of the monthly raw bilateral exchange rates of Indonesia and its top 15 trading
partners. The exchange rates are rupiah per US dollar (IDR/USD), rupiah per Australian dollar (IDR/AUD), rupiah per
yuan (IDR/CNY), rupiah per euro (IDR/EUR), rupiah per Indian rupee (IDR/INR), rupiah per yen (IDR/JPY), rupiah
per South Korean won (IDR/KRW), rupiah per Malaysian dollar (IDR/MYD), rupiah per Pakistan rupee (IDR/PKR),
rupiah per Philippines peso (IDR/PHP), rupiah per Singapore dollar (IDR/SGD), rupiah per Taiwan dollar (IDR/TWD),
rupiah per Thai baht (IDR/THB), and rupiah per Vietnam dong (IDR/VND). The sample period is from January 1978 to
July 2018. This covers the managed float regime adopted by Indonesia (see Reinhart, and Rogoff, 2004). The maximum
number of observations is 487 and the smallest is 468.
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Table 1 shows the summary statistics. For the entire period (the sample period
is from January 1978 to July 2018), the rupiah has done favourably, on the average,
against the Korean won and the Japanese yen and poorly against the EUR and
USD. Considering volatility (exchange rate risk), the most volatile exchange rate is
that for IDR/EUR, while the least volatile is that for IDR/KRW. These quantities are
represented by the standard deviations of 5461.760 and 3.811, respectively.

Table 1.
Summary Statistics

The table shows the summary statistics of the monthly raw bilateral exchange rates. The sample period is from
January 1978 to July 2018. This covers the managed float regime adopted by Indonesia (see Reinhart, and Rogoff,
2004). The maximum number of observations is 487 and the smallest is 468. Max, Min, SD, JB, and Obs. denote,
respectively, maximum, minimum, standard deviation, Jarque-Bera statistic, and observations.

Variable Mean Max Min SD Skewness  Kurtosis JB p-value  Obs.
IDR/USD 5895477 14650 415 4561.386 0.211 1475 50.798 0 487
IDR/AUD 4332742 11012 469.192  3529.994 0.445 1.627 52.196 0 468
IDR/CNY 866711 23064 239331  573.029 0.707 2.364 46914 0 468
IDR/EUR  6733.138 171923 508329  5461.76 0.306 1478 52.503 0 468
IDR/INR 144328  346.336 48.368 62.128 0.052 1.605 39.714 0 487
IDR/JPY 54.161 131.56 1.718 44.886 0.207 1.413 54.554 0 487
IDRKRW 5679 13.147 0.887 3811 0.249 1.625 42.319 0 475
IDR/MYD 1639448 36941 173553  1135.653 0.186 1.387 53.447 0 468
IDR/PKR  107.853  317.925 43.365 38.865 0.83 4.156 81.15 0 476
IDR/PHP 150985  353.012 48.786 75.067 0.388 1.78 41478 0 476
IDR/SGD 3734478  10693.8  177.883  3224.134 0493 1.914 41.938 0 468
IDR/TWD 189476 478.29 11.512 142.059 0.252 1.664 40.473 0 476
IDR/THB 172715 44722 20.293 123.948 0.42 1.838 41.673 0 487
IDR/VND 488958  4546.296 0.155 1096.872 2117 6.112 560.318 0 487
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In addition, all the skewness statistics are positive and relatively far from
zero. The implication is that bilateral exchange rates experiencing depreciation
are likely going to depreciate and those that are presently stable will depreciate in
the future. In terms of kurtosis, two exchange rates are leptokurtic: those for IDR/
VND and IDR/PKR. That is, they exhibit longer and fatter tails, with higher and
sharper central peaks (Westerfield, 1977). The remainder are platykurtic, meaning
that, when compared with normal distributions, their tails are shorter and thinner,
with lower and broader central peaks. The Jarque-Bera test suggests that none of
the exchange rates are normally distributed at conservative levels of significance.
These results provide first evidence that the assumption pertaining to error terms
being i.i.d. when the EMH is being tested could be misleading. We formally test
this in Section V.

IV. GARCH UNIT ROOT TEST WITH TWO ENDOGENOUS STRUCTURAL
BREAKS

This section outlines the GARCH unit root test developed by Narayan, Liu, and
Westerlund (2016), which is used to examine the EMH. The test incorporates
structural breaks endogenously and accounts for heteroskedasticity in the error
terms. Although several structural breaks are permissible, Narayan, Liu, and
Westerlund (2016) found a maximum of two breaks to be sufficient. In our analysis,
we formally verify this to ensure that our findings are not contaminated by wrong
choices of structural breaks. That said, we employ a GARCH(1, 1) unit root test
that builds on the regression:

yt = Qy + T[yt—l + DlBlt + DZBZC + Et (1)

where o, is the intercept term, y, ; denotes the one-period lag of the dependent
variable y, D, and D, are the break dummy parameters, B, =1fort>T, and B, =0
otherwise; and the T,, Vi=1, 2, are the structural break dates. The error term ¢, is
assumed, in most applications, to be i.i.d. Kim and Schmidt (1993) show that this
assumption is deleterious if the time series is not drawn from a normal distribution.
Narayan, Liu, and Westerlund (2016) address this problem by characterizing ¢, as a
first-order GARCH model (i.e. GARCH (1, 1)) of the form

& = nt\/r, he =1+ ae’ |+ fh._q 2)

where 1, o, and f are parameters of the model, t>0, a >0, and $ >0, and n, is
assumed to be i.i.d. (i.e. it has a zero mean and unit variance).

Equation (2) can be estimated using various approaches. For example, Ling,
Li, and McAleer (2003) show that it can be estimated in a two-step process. In
the first step,  is estimated using least squares. Then we generate a series of
artificial values for the residual, ¢, In the second step, we estimate the coefficients
of the variance equation (t, a, B) using the generated values of ¢,. An alternative
approach proposed by Seo (1999) is built on joint maximum likelihood estimation.
Specifically, the unit root null (i.e. H, n =1) is tested using the maximum likelihood
t-ratio for n. We follow Narayan, Liu, and Westerlund (2016) and used the second
approach in our analysis, as follows. Because the break date is unknown, we
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substitute T, (i = 1, 2) with their estimates, T,. Estimates of T, are carried out
sequentially. To obtain the first break date, we use the maximum absolute t-value
of the break dummy coefficient D, {5 - That is,

TBl = argmax|t51(T31)| 3)
Tpy

Then, using the first break estimate, Tg1, we proceed to obtain the second break
date, ngl

Tgy = argmax|fﬁz (TBl'ng)l 4)
Tp

In a simulation experiment, Narayan, Liu, and Westerlund (2016) show the
following. The critical values underlying the unit root null changes less with
changing GARCH parameters, irrespective of the combination of structural
breaks. As the sample size increases, the finite sample critical values converge to a
classic Dickey-Fuller distribution. The unit root test is oversized in small samples
but performs well in large samples. Additionally, the empirical size of the test
is correctly sized in large samples, regardless of the GARCH orders and break
parameters. Our sample is quite large and thus the test is applicable. Finally, if
structural breaks and GARCH effects are present, the test is nearly five times more
powerful than the standard augmented Dickey—Fuller test.

V. EMPIRICAL ANALYSIS

We begin our analysis by considering a key question. How many structural
breaks should we consider when testing FX market efficiency? Without knowing
the number of structural breaks to be modelled when testing the foreign market
efficiency, we could provide evidence based on false models. Narayan, Liu, and
Westerlund (2016) find that two structural breaks are sufficient when testing the
efficiency of stock returns. However, this might not apply to other markets. To
address this question, we utilize Bai and Perron’s (1998, 2003) test.

We use Bai and Perron’s (1998, 2003) double maximum tests and analyse the
null of no structural breaks against the alternative of at least one to m structural
breaks. There are two statistics for the double maximum tests. The first test
generates the unweighted double maximum (UDmax) statistic, while the second
test generates the weighted double maximum (WDmax) statistic (Bai and Perron,
1998). The structural breaks obtained using these tests are shown in Table 2. We
find that 13 of the 14 bilateral exchange rates have at most two structural breaks
and one has a single structural break. The AFC and the Indonesian banking
crisis (of 1997-1998) are correctly identified by the tests in most of the cases. This
evidence suggests that our analysis should consider at most two structural breaks.
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Table 2.
Test for Structural Breaks in the Exchange Rates

The table shows the test for structural breaks in the bilateral exchange rates using the Bai and Perron (1998, 2003)
procedure. This procedure allows for multiple structural breaks in a series to be tested. We used the double maximum
tests. The first test generates the unweighted double maximum (UDmax) statistic, which is the maximum value of the
F-statistic. The second generates the weighted double maximum (WDmax) statistic, which takes the weights of the
individual statistics to equalize the p-values across the values of structural breaks (Bai and Perron, 1998). In all cases,
the exchange rates are in natural logarithm. The sample period is from January 1978 to July 2018.

UDmax WDmax

Variable Break one Break two Break one Break two
IDR/USD 1992M02 1998M02 1992M02 1998M02
IDR/AUD 1997M12 2003M09 1997M12 2003M09
IDR/CNY 1997M12 2003M09 1997M12 2003M09
IDR/EUR 1997M12 2003M09 1997M12 2003M09
IDR/INR 1997M12 - 1992M02 1998M02
IDR/JPY 1997M12 2004M05 1997M12 2004M05
IDR/KRW 1998M01 2004M05 1998M01 2004M05
IDR/MYD 1997M12 2003M09 1997M12 2003M09
IDR/PKR 1997M12 2003M10 1997M12 2003M10
IDR/PHP 1997M12 2003M10 1997M12 2003M10
IDR/SGD 1997M12 2003M09 1997M12 2003M09
IDR/TWD 1997M12 - 1997M12 2012M08
IDR/THB 1997M12 2006M10 1997M12 2006M10
IDR/VND 1985M09 - 1985M09 -

We proceed to examine the EMH using unit roots tests that accommodate two
structural breaks. Specifically, we use the test of Caner and Hansen (2001; CH
hereafter) for threshold effects and unit roots and the NP tests for two endogenous
structural breaks. Table 3 shows the results. The CH test results report the Wald
statistic (W,) for threshold effects and the one-sided threshold unit root test statistic
(R, ;). The null of no threshold effects is rejected for seven of the 14 exchange
rates (50%). Therefore, we reject the linear autoregressive model and accept the
threshold autoregressive model. The unit root null is rejected for only four of the
14 exchange rates (28.57%). The CH test therefore lends credence to the EMH for
71.43% of the exchange rates.
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Table 3.
Structural Break Unit Root Tests of EMH

The table shows the results based on the structural break unit root tests of FX market efficiency. For the Caner and
Hansen (2001) test, we report their Wald statistic (W,) and the one-sided threshold unit root test statistic (R, ;) for
the chosen delay parameter between 1 and 6, which are compared to the bootstrap p-values. The bootstrap p-values
are generated using 1000 replications. For the Narayan and Popp (2010) test, we report the M1 and M2 statistics and
compare them to the critical values tabulated in their paper. Lags for the Narayan and Popp (2010) test are based on
the procedure suggested by Hall (1994). Caner and Hansen (2001) test accounts for threshold effects and unit roots,
while Narayan and Popp (2010) test accounts for two endogenous structural breaks. In both cases, we include only the
intercept. Note that TB1, TB2, and k denote, respectively, the first and second structural break dates, and optimal lag
selected. In all cases, the exchange rates are in natural logarithm. The sample period is from January 1978 to July 2018.

Caner-Hansen (2001) test

Variable W, p-value (lag) R, . p-value
IDR/USD 50.462 0.001(3) 13.098 0.068
IDR/AUD 7.511 0.431(1) 5.7 0.46
IDR/CNY 3.995 0.800(1) 7.22 0.37
IDR/EUR 3.889 0.846(3) 3.85 0.6
IDR/INR 36.931 0.004(3) 15.309 0.059
IDR/JPY 24.375 0.017(3) 14.034 0.036
IDR/KRW 28.831 0.011(2) 13.921 0.061
IDR/MYD 6.999 0.433(3) 548 0.48
IDR/PKR 24.255 0.013(3) 43 0.53
IDR/PHP 30.434 0.005(2) 5.56 0.39
IDR/SGD 5.109 0.647(3) 7.13 0.37
IDR/TWD 16.445 0.116(2) 2.1 0.76
IDR/THB 7.225 0.516(1) 5.27 0.47
IDR/VND 22.723 0.075(1) 17.917 0.106
Narayan-Popp (2010) test

M1 M2
Variable oS TBL TB2  k Stts % TBI  TB2 k Status
IDR/USD 272 199712 199809 5 1(1) 2628 199712 199809 5 1(1)
IDR/AUD 3942 199712 199804 0 10) 4076 1997-12  1998-06 0 1(1)
IDR/CNY 3675 199712 199804 0 1(1) 4085 1997-12  1998-06 0 1(1)
IDR/EUR 3687 199712 199804 0 11) 3789 199712 199806 0 11)
IDR/INR 3647 199712 199809 5 1(1) 4122 199712 199806 5 1(1)
IDR/PY 3416 199712 199805 5 1(1) 4485 199712 199806 5 10)
IDR/KRW 511 199712 199805 5 11) 3081 199712 1998-07 4 11)
IDR/MYD 4267 199712 199809 0 10) 4299 199712 1998-06 0 11)
IDR/PKR 5581 199712 199804 4 10) 5889 199712 199806 5 10)
IDR/PHP 3834 199712 1998-04 5 10) -49 199712 199804 5 10)
IDR/SGD 3765 199712 199804 0 11) 3914 199712 199806 0 1(1)
IDR/TWD 4661 199712 199805 5 10) 5306 199712 199805 5 10)
IDR/THB -3.898 199712 199805 5 10) 5933 199712 199805 5 10)
IDR/VND 2587 198602 198612 0 1(1) 5009 199010 199101 0 10)
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We now consider the NP results in the lower panel of Table 3. The NP test
accommodates two endogenous structural breaks and therefore takes care of the
two structural breaks identified in Table 2. The NP test correctly identifies the AFC
and the Indonesian banking crisis of 1997-1998. Both the M1 and M2 results show
that the unit root null is rejected for six of the 14 exchange rates (42.86%). The
two results are conclusive for the unit root null rejection in four out 14 (28.57%).
Therefore, like the CH test, the NP test results supports the EMH for approximately
71.43% of the exchange rates.

The main limitation of the above results is that they assume i.i.d. errors in
the underlying models of the bilateral exchange rates. Are these results reliable
when the i.i.d. error assumption is violated? We address this question by formally
establishing that the errors are anything but i.i.d. Specifically, we use the Breusch-
Pagan-Godfrey and autoregressive conditional heteroskedasticity tests to examine
whether the variances of the error terms are homoscedastic. Table 4 shows the
results. Both tests largely reject the null hypothesis of no heteroskedasticity or
autoregressive conditional heteroskedasticity effects. Hence, it is safe to conclude
that the results in Table 3 are not reliable. A key contribution of the paper is to
address this problem using a unit root test that accounts for heteroskedasticity.

Table 4.
Tests for Heteroskedasticity

The table reports tests for heteroskedasticity in the errors of the bilateral exchange rates. The tests are the Breusch-
Pagan-Godfrey and the autoregressive conditional heteroskedasticity (ARCH) tests, with associated Lagrange
Multiplier (LM) statistics. We filtered each of the exchange rates using an AR(12) model. We then tested the generated
residuals for heteroskedasticity or ARCH effects. Specifically, we test the null hypothesis of no heteroskedasticity or
ARCH effects. In all cases, the exchange rates are in natural logarithm. The sample period is from January 1978 to
July 2018.

ARCH Breusch-Pagan-Godfrey
Exchange Rate LM Statistic p-value LM Statistic p-value
IDR/USD 6.614 0 39.402 0
IDR/AUD 48.471 0 53.679 0
IDR/CNY 37.654 0 30.184 0.003
IDR/EUR 60.841 0 39.696 0
IDR/INR 52.958 0 50.103 0
IDR/JPY 43.917 0 42.385 0
IDR/KRW 53.577 0 66.237 0
IDR/MYD 51.197 0 32.143 0.001
IDR/PKR 74.706 0 70.788 0
IDR/PHP 90.256 0 41.83 0
IDR/SGD 49.878 0 43.273 0
IDR/TWD 57.131 0 28.396 0.005
IDR/THB 53.067 0 22.849 0.029

IDR/VND 6.569 0.

[o's}
[}
Q1

7439 0.827
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We apply the GARCH (1,1) unit root test to the bilateral exchange rates and
report the statistics in Table 5. The unit root null is rejected for seven of the 14
exchange rates (50%). This implies that the EMH is supported in 50% of the cases,
representing a reduction in support of the hypothesis of 21.43% when compared
with the CH and NP results. Thus, the heteroskedasticity in the errors of the
exchange rates series appears to influence the unit root-based EMH tests. Our
results specifically show that it might be possible to predict the bilateral exchange
rates of the rupiah versus the Austrian dollar, euro, Korean won, Pakistani rupee,
Philippine peso, Taiwan dollar, and Thai baht. Our finding that FX markets could
be efficient is consistent with the results of Katusiime, Shamsuddin, and Agbola
(2015), who find intermittent FX market efficiency, but contradicts Neely, Weller,
and Ulrich (2009), who find no support for the EMH.

Table 5.
GARCH-based Unit Root Test for EMH

The table shows the results using the GARCH-based endogenous structural break unit root tests of FX market
efficiency. The results are based on Eq. (1). The two structural breaks denoted by TB1 and TB2 are reported together
with the t-test statistic used to test the null hypothesis of a unit root. Specifically, we test the null hypothesis of no unit
roots. In all cases, the exchange rates are in natural logarithm. The sample period is from January 1978 to July 2018.
Finally, ** denotes significance at the 5% level.

Exchange Rate t-statistic TB1 TB2

IDR/USD -0.124 1988M01 2014MO05
IDR/AUD -9.027** 1996M02 2000M03
IDR/CNY -1.393 1992M02 1994M02
IDR/EUR -10.490** 1985M12 1998M03
IDR/INR -1.628 1981M12 1988M01
IDR/JPY -1.479 1979M11 1990M01
IDR/KRW -11.437*% 1983M12 1998M03
IDR/MYD -1.285 1985M12 1990M01
IDR/PKR -8.674** 1981M12 2008M04
IDR/PHP -7.439** 1981M12 1998M03
IDR/SGD -0.054 1998M03 1998M03
IDR/TWD -17.809** 1981M12 2016MO06
IDR/THB -14.866** 1985M12 1998M03
IDR/VND -1.974 1981M12 1990M01

As a sensitivity analysis, we compile daily data for the period from 15 February
1979 to 31 July 2018 and reapply the GARCH (1,1) unit root test to the bilateral
exchange rates. These results are shown in Table 6. The results are broadly similar
to those in Table 5, except for two exchange rates (IDR/EUR and IDR/PHP), where
the test fails to reject the unit root null. The EMH is supported in 64.43% of cases,
which is again considerably lower than in the CH and NP results.
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Table 6.
GARCH-based Unit Root Test for EMH Using Daily Data

The table shows the results using the GARCH-based endogenous structural break unit root tests of FX market
efficiency. The results are based on Eq. (1) and daily data. The two structural breaks denoted by TB1 and TB2 are
reported together with the t-test statistic used to test the null hypothesis of a unit root. Specifically, we test the null
hypothesis of no unit roots. In all cases, the exchange rates are in natural logarithm. The sample period is 15/2/1979 to
31/7/2018. Finally, *** and ** denote statistical significance at the 1% and 5% levels, respectively.

Exchange Rate t-statistic TB1 TB2
IDR/USD -2.796 9/8/2016 9/8/2016
IDR/AUD -12.249** 6/11/1998 7/10/2004
IDR/CNY -2.075 7/10/2004 29/8/2012
IDR/EUR -1.506 28/11/1994 28/11/1994
IDR/INR -1.36 15/1/1985 9/8/2016
IDR/JPY -0.433 8/9/2010 29/8/2012
IDR/KRW -4.281* 7/12/1992 28/11/1994
IDR/MYD -0.816 17/12/1990 6/11/1998
IDR/PKR -12.377% 9/8/2016 9/8/2016
IDR/PHP -1.407 27/10/2000 17/10/2002
IDR/SGD -0.551 15/1/1985 6/1/1987
IDR/TWD -5.244** 15/1/1985 17/10/2002
IDR/THB -41.933*** 27/10/2000 29/8/2012
IDR/VND -1.984 9/8/2016 9/8/2016

We perform further sensitivity analysis by splitting the sample into periods
before the AFC (Indonesian banking crisis) and after the AFC (Indonesian banking
crisis). Table 7 shows the results. The unit root null is rejected for 12 of the 14
exchange rates (85.7%) pre-AFC and seven of the 14 (50%) post-AFC. The results
suggest that the EMH is supported in 14.3% of cases before the crisis and in 50%
of cases after the crisis. In other words, the FX market was less efficient before the
crisis.
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Table 7.
GARCH-based Unit Root Test for EMH Pre- and Post-AFC

The table shows the results using the GARCH-based endogenous structural break unit root tests of FX market
efficiency pre- and post-AFC. The results are based on Eq. (1). The two structural breaks denoted by TB1 and TB2 are
reported together with the t-test statistic used to test the null hypothesis of a unit root. Specifically, we test the null
hypothesis of no unit roots. In all cases, the exchange rates are in natural logarithm. The sample period is split into
two: before AFC i.e. from January 1978 to March 1997, and after AFC i.e. from July 1998 to July 2018. Finally, * and **
denote statistical significance at the 10% and 5% levels, respectively.

Pre-AFC (January 1978 to Post-AFC (July 1998 to
March 1997) July 2018)

Exchange Rate  t-statistic TB1 TB2 t-statistic TB1 TB2

IDR/USD -7.840% 1994M03 2016M07 -1.528 1999M06 2002M05
IDR/AUD -5.729* 1980M01 1982M01 -0.123 1999M06 2004M06
IDR/CNY -15.727% 2002M04 2010M06 -2.802 2013M07 2014M07
IDR/EUR -10.284** 1988M02 1995M08 -6.764** 2003M06 2009M07
IDR/INR -12.363** 1988M02 2006M05 -0.196 2009M07 2009M07
IDR/JPY -7.136* 1994M03 1995M08 -5.497* 1999M06 2008M07
IDR/KRW -8.564* 1988M02 1990M02 -3.826* 1999M06 2008M07
IDR/MYD -0.120 1982M01 1992M03 -4.204* 1999M06 2015M07
IDR/PKR -8.318** 1980M01 2010M06 -3.023 1999M06 2013M07
IDR/PHP -3.835* 1988M02 1995M08 -3.783* 1999M06 2004M06
IDR/SGD 0 1994M03 2002M04 -4.929** 2013M07 2014M07
IDR/TWD -10.53** 1985M10 1988M02 -3.248 2013M07 2016M07
IDR/THB -8.816* 1990M02 2002M04 -7.860** 2013M07 2017M07
IDR/VND -6.937* 1984M01 1994M03 0 1999M06 2011M07

As a final analysis, we estimate the half-life associated with the GARCH(1,1)
unit root test regression in equation (1). The half-life is a measure of the speed at
which the exchange rate converges to equilibrium (Wu, 1996; Taylor, Peel, and
Sarno, 2001; Choi, Nelson, and Sul, 2006; Lothian and Taylor, 2008; Chortareas
and Kapetanios, 2009). That is, the half-life indicates the time the exchange rate
takes to adjust to its mean following a divergence (Choi, Nelson, and Sul, 2006).
From equation (1), we seek to compute the half-life as H(rt)=In(0.5)/In(m) (see also
Wu, 1996; Rossi, 2005; Choi, Nelson, and Sul, 2006). If the estimated value of H(r)
is higher, then exchange rates take longer to revert to their means. Table 8 shows
the half-life estimates. The results show that it takes between 0.4 and 1.1 months
for the bilateral exchange rates to revert to their means. Specifically, 10 of the 14
exchange rates (71%) have half-lives of less than one month. Therefore, although
there is evidence of deviation from equilibrium, the speed of adjustment is quite
fast.
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Table 8.
Half-Life Estimates

The table shows the results based on the FX rate model in Equation (1). We report the estimates of « (i.e. ) and the
half-life, H(®) = In(0.5)/In(%) . The half-life estimates are reported in monthly terms. In all cases, the exchange rates
are in natural logarithm. The sample period is from January 1978 to July 2018.

Exchange Rate 7 H @)
IDR/USD 0.518 1.054
IDR/AUD 0.426 0.812
IDR/CNY 0.567 0.66
IDR/EUR 0.26 0.515
IDR/INR 0.299 0.574
IDR/JPY 0.327 0.62
IDR/KRW 0.346 0.653
IDR/MYD 0.516 1.048
IDR/PKR 0.38 0.716
IDR/PHP 0.329 0.624
IDR/SGD 0.175 0.398
IDR/TWD 0.518 1.054
IDR/THB 0.53 1.092
IDR/VND 0.274 0.535
VI. CONCLUSION

This paper examines whether the FX market in Indonesia is efficient. The relevance
of this empirical exploit lies in the fact that a rejection of the FX market efficiency
means investors and/or traders can extract profit by exploiting pricing anomalies
and that policies pursued under the assumption of an efficient market could be
ineffective. From a policy perspective, this would require interventions by the
relevant authorities to correct the market mispricing. The empirical literature
remains inconclusive. More so, unit root-based tests generally treat structural
breaks as exogenous or the underlying errors of the test regression as i.i.d. Our
solution to these limitations is to testing FX market efficiency using a GARCH
model-based test for unit roots. This approach deals with both endogenous
structural breaks and heteroskedasticity.

We first show that the exchange rates of Indonesia exhibit up to two structural
breaks. Then, we show that the error terms associated with the exchange rate models
are far from i.i.d. From two tests for unit roots that incorporate structural breaks
but not heteroskedasticity, we find that the EMH is rejected for approximately 29%
of the exchange rates. We explore the hypothesis further by accounting for both
structural breaks and heteroskedasticity. We find that the rejection rate is quite a
bit higher (50%). As a robustness test, we use daily data and reapply the procedure.
We find the results to be generally robust. Further, we divide the sample into pre-
and post-AFC periods and find that the FX market was less efficient before the
crisis. Finally, we estimate half-lives and find that 71% of the exchange rates adjust
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to their means within one month, likely implying that the market is efficient in the
short term.

The main implications are that the Indonesian FX market is still inefficient
in a small number of currencies and FX investors could derive profits from such
exchange rates. Because the FX market seems to only be efficient in the short term,
investors might be able to derive profits by employing a buy-and-hold strategy.
Although the FX market has become relatively more efficient in the aftermath of
the AFC, there is room for policy initiatives. Authorities could pursue the greater
transparency of FX transactions to limit potential manipulation.
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