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1. Introduction

In the field of economics and finance, one fundamental question is whether the prices of
financial assets are foreseeable. In efficient market research (Fama, 1970) is pioneer, who explains
efficient market as “A market in which prices always fully reflect all the available information”.
Similarly, EMH (efficient market hypotheses) states that the stock prices fully reflect all available and
possible information about the stock being traded in the market thus under weak form of EMH no one
is able to predict the prices and returns. Therefore, prices of assets follow martingale process and
returns are characterized by MDS (martingale difference sequence). Studies of (Lim & Brooks, 2008;
Kim et al., 2011: Charles et. al, 2011) investigate the EMH in financial markets to test whether returns
from assets follow MDS. Numerous studies have assessed the weak form efficiency of the EMH for
commodities but these studies have not addressed the fluctuating degree of predictability of market
efficiency except the study of (Ramirez et al., 2015) in which they employ a time varying approach with
rolling window through nonlinear tests but the study is confined to nonlinear test and agriculture
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commodities only. But the current study aims to investigate the most popular commodity indices (gold,
metal, oil & silver) through both linear and nonlinear tests notably robust to heteroscedasticity and
non-normality which are the two typical feature of financial assets’ return (Charles et al., 2011). They
employ moving sub-sample window approach to investigate in what way the levels/degree of
predictability of returns vary/evolve over the time based on economic, financial and political events as
well. Recent studies have documented that Asian financial crisis (Kim & Shamsuddin, 2008; Lim et al.,
2013), Dotcom crisis (Charles et al., 2011), Global Financial Crisis (Kim et al., 2011; Smith, 2012) and
European Sovereign Debt crisis (Charles et al., 2011) cause market conditions to vary over time. The
time-varying dependencies of financial time series are consistent with the idea as well as implications of
Adaptive Market Hypothesis of (Lo, 2004) which is an amended form of Efficient Market Hypothesis of
(Fama, 1970). Adaptive market hypothesis infers different impressive implications like profit
opportunities may appear or vanish from one point in time to another due to changing levels of market
conditions (cycles, bubbles, crises, crashes) and institutional factors. (Ho et al., 2014; Jawadi et al.,
2014) investigate crisis period and infer that performance of Islamic indices is affected by varying
degree of market conditions in crisis period especially GFC (Global Financial Crises). They further argue
that these events have robust implications for market participants’ psychology through their way they
incorporate novel information to the security prices due to which serial correlation of series of return
exhibit time variation. Arise of arbitrage opportunities from time to time in financial markets is another
implication of AMH. This implication infers that strategies aimed to exploit prevailing arbitrage
opportunities may decline for some times and then again arise to profitability when conduce
environmental conditions are available. Thus it is interesting to investigate the time varying nature of
return predictability of commodity indices through AMH.

This study enhances the existing literature on adaptive market hypothesis in a number of ways.
Firstly, this is the pioneer study which investigate the commodity indices in the context of adaptive
market hypothesis to assess whether adaptive market hypothesis deliver a better representation of
behavior of commodity return as compared to conventional efficient market hypothesis. Secondly, most
of the early work on AMH investigate equity markets but there is no research that considers commodity
markets which may provide a variety of findings. Thus in the current study we explore the varying
degree (AMH) of commodity indices through different crises as according to the best of our knowledge
only (Charles et al., 2011) study the time varying predictability of stock indices during crises through
linear tests. Finally, most of the previous research work employs wide range of conventional linear
models to determine the extent of linear predictability in financial assets’ returns. But Amini et al.
(2010) argue that some nonlinear predictability/dependency in financial time series may still be present
which cannot be detected by using linear econometric models. In addition, if linear models reject the
presence of linear predictability/dependence, the time series still can be evident of non-linear
predictability/dependency. To the best of our knowledge, this research is the first of its nature to apply
linear and non-linear models to explore linear as well as nonlinear serial dependencies to gauge the
efficiency of commodity indices. The results of this study are consistent with the implications of AMH.

The remainder of this article is organized as follows. Subsequent segment presents related
review of literature on efficiency of market under the umbrella of adaptive market hypothesis. The
methodology and data are outlined in section 3 of the study. Section 4 describes the empirical results.
Finally, findings and conclusions are presented in section 5.

2. Literature Review
Numerous researchers in recent years have shifted their attention from detecting conventional

static or absolute EMH to investigate the changing degree of efficiency of market over time which
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provides a way to AMH point of view (Lo, 2005; Ito & Sugiyama, 2009; Kim, et al., 2011; Alvarez-
Ramirez et al., 2012). Urquhart & Hudson (2013) find same in the UK and US markets. In Asian
Markets, Lim, et al. (2008); in Japanese Markets Noda (2012); and in Indian equity markets, Hiremath
and Kumari (2014) have provided the similar findings. The identical evidence supporting AMH is found
in foreign exchange markets (see Neely et al., 2009; Charles et al., 2012). From eighteen european
contries, Smith (2012) finds evidence supporting AMH. To explore the commodities markets
(international Coffee markets), Ramirez et al. (2015) apply nonlinear statistical models on returns from
Colombian Arabica beans and identify the phases of market inefficiency and efficiency.

In order to understand the varying nature of behavior of returns, commodity return series are
vital for investors, producers, policy makers and traders for better decision making (Karali & Power,
2009). Historically, commodity return series have been modeled to predict the price volatilities AR
(autoregressive), MA (moving average), ARIMA (Autoregressive integrated moving average) models and
dynamic and transfer function analysis (Aradhyula & Holt, 1988). Similarly in more recent time (Milas
& Otero, 2002) use STVECM as well as smooth transition vector error correction models while (Adrangi
& Chatrath, 2003; Benavides, 2004; Tansuchat et al., 2009) use GARCH model (generalized
autoregressive heteroskedastic) to investigate the chaotic behavior of commodities’ return. Similarly,
(Ahti, 2009; Tejeda & Goodwin, 2009) employ BDS test, correlation exponent, Lyapunov exponents test
and neural networks to explore the chaotic behavior of returns from commodities. But in the current
study we investigate the behavior of commodities under crisis through both linear and nonlinear tests.

S&P index is investigated by Lo (2005) from year 1871 to 2003. By calculating first order
autocorrelation, he finds cyclic patterns in market efficiency and observes market efficiency during
1950s. Furthermore, he suggests that changes in institutional ownership and dynamics of investors’
behavior are the main cause of variation in the levels of market efficiency. Foreign exchange market is
investigated by Neely et al. (2009) over the period of 1970s-1980s. By taking excess returns from
trading rules, the researchers observe that over the time the trading rules have declined and supporting
AMH. Lo (2005) reports that trading strategies decline in adaptive markets and then again result in a
substantial profitability. Lim et al. (2008) investigate efficiency of stock markets of developed and
developing countries. In order to scrutinize the evolutionary tends, they employ portmanteau
bicorrelation test statistic and observe episodes of market inefficiency and efficiency over the sample
period. By using moving-average rules approaches, Todea et al (2009) investigate the levels of profits
during the period 1997 to 2008 in six security markets in Asian countries. They find that profit
opportunity goes under periods of linear and no linear correlations. By employing time-varying
autocorrelation, Ito & Sugiyama (2009) investigate S&P 500 index. By using monthly returns from the
index, they observe the variations in the levels of market efficiency because market remained inefficient
during 1980s, and again efficient in the late 1990s period. ‘Dow Jones Industrial Average index (DJIA)’ is
investigated by Kim et al. (2011)1 from year 1900 to 2009. The researchers observe that predictability of
returns is based on varying market conditions thus supporting AMH (Adaptive market hypothesis).
During market crashes they find no statistically significant prediction of profits and claim that levels of
uncertainty determine predictability of returns. They further argue that during the periods of
uncertainty (economic distresses as well as political crises) of predictability, the stock returns are likely
to be anticipated.

Over the period of 2000 to 2009, Martingale hypothesis is examined by Smith (2012) in fifteen

1They applied generalized spectral test, variance ratio (VR-test ) & autocorrelation tests.
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European Stock markets2 to study the AMH. Moreover, equity markets from developed countries
(Greece, Portugal & UK) are also included in the sample. By using VR-model and rolling window
analysis he captures episodes of efficiency and inefficiency in equity markets of most of the European
markets hence supporting AMH. He finds efficiency in equity markets of United Kingdom, Turkey,
Poland and Hungary while inefficiency in Estonia, Malta and Ukraine. In order to find whether AMH
delivers better depiction of behavior of emerging equity markets of India, , Hiremath and Kumari
(2014) employ linear as well as nonlinear models on daily returns over the period from 1991 to 2013.
The researchers find that equity markets of India are becoming efficient. Linear dependencies
demonstrate the cyclic patterns in stock returns which depict that Indian stock markets switch in
episodes of predictability and no predictability. On the other hand, nonlinear prediction of returns with
narrowing magnitude is exposed by nonlinear tests over the sample period.

By using fluctuation analysis over a sample period of 1929 to 2014, Rodriguez (2014) examines
yearly, quarterly, monthly, weekly and daily returns from DJIA. The study finds that inter-days and
intra-day returns show a stronger serial correlation as compared to overnight returns. He finds no
uniform patterns in efficiency of DJIA which supports AMH. Urquhart et al. (2015) suggest that AMH
infers that trading rules are effective and beneficial for a short term period only. As the behavior of
markets and investors adapt, the predictive power of the trading rules also declines. From year 1987-
2013, they investigate moving average rule (MA) in DJIA, FT 30 & TOPIX from US, UK and Japan
respectively and find that predictive power of the trading rules has declines in all the three markets.
Furthermore, they assert that after 1987 these three markets react to new buy or sell signals a day
before those signals are appeared. Based on expectation from those signals, investors can earn superior
profits by making trading strategies. “Hence, trading on anticipated signals establishes a reasonable
explanation of price responses to future, one-day-ahead new signals, and thus consistent with the
Adaptive Market Hypothesis”. Recently, Noda (2016) finds level of predictability (market inefficiency)
fluctuates over time and verifies the AMH in Japanese equity markets. Ito et al. (2016) investigate US
equity markets by developing a “non-Bayesian time varying model” and assert that US equity markets
have tendency to evolve over time and verify the AMH. Sensory et al. (2015) employ Lo-MacKinlay
variance ratio test and assert that global financial crises have an adverse effect upon the levels of
market efficiency. The findings of all aforementioned studies show that market efficiency fluctuates in
episodic manner and goes under significant and no significant predictability therefore supporting AMH
of (Lo, 2004).

3. Methodology

The Weak-form efficient market hypothesis states that historical information related to trading
of securities is fully captured by the security prices and hence prices are not predictable. This is because
the information moves randomly in the market and any kind of prediction is fruitless for the investors.
In order to investigate how market efficiency (predictability of return) varies depending upon different
major financial crises, we divide our data set into different sub-samples like (i) from June 1997 to
January 1998 (Asian Financial Crisis); (ii) from March 2000 to October 2002 (Dotcom Crisis); (iii) from
July 2007 to June 2009 (Global Financial Crisis); and (iv) from December 2009 to December 2012
(European Sovereign Debt Crisis). Each sub-sample provides sufficient time series observations to
produce adequate and robust results to examine the time variant behavior of returns from commodities
over time. In an adaptive markets, the behavior of commodities returns goes under the episodes of
dependencies (predictability/market inefficiency) and episodes of  independencies
(unpredictability/market efficiency). Therefore, we apply series of linear and non-linear models to

2Markets investigated in the research are based in the Ukraine, Slovenia, Turkey, the Slovak Republic, Romania, Russia, Malta, Poland, Lithuania, Latvia,
Hungary, Iceland, Estonia, Croatia, Czech Republic.
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investigate the fluctuating behavior of commodities returns. From linear models we first apply
autocorrelation test having null hypothesis “random walk process or no correlation”. Secondly we apply
runs test, null hypothesis of this test implies “serial independence of returns” (Wald & Wolfowitz,
1940). Finally, variance ratio (VR) test is employed having null hypothesis as “price processes follow a
random walk” (Lo & MacKinlay, 1988).

The aforementioned tests portrays different conventional linear models to detect linear
dependence in commodity returns. Amini et al. (2010) describe that security returns also exhibit
nonlinear dependencies (predictability) and conventional linear tests may not detect the phenomenon.
If linear tests reject the existence of linear dependencies, the nonlinear predictability still can be present
in series of commodities returns. The presence of nonlinear prediction has gained significant attentions
in the former studies (see Hiremath & Kamaiah, 2010; Alagidede, 2011; Caraiani, 2012; Urquhart, 2013;
Lim & Hooy, 2013; Urquhart & Hudson, 2013; Ghazani & Araghi, 2014; Ramirez et al., 2015;). As the
data generating process is innately non-linear, therefore, linear models are not solely consistent to
investigate the behavior of commodities returns.

Alharbi (2009) describes, in order to investigate the higher levels of dependencies in the time
series, non-linear models are more conventional than linear tests. Therefore, first we apply BDS non-
parametric test as suggested by (Brock et al., 1996) to gauge the predictability of non-linear returns
where null hypothesis of BDS implies data generating process is i.i.d3. The embedding dimensions and
metric bounds up to 5 (to a proportion of the standard deviation of the returns) are selected in the
current studies for BDS test as suggested by in literature (Patterson & Ashley, 2000). “Secondly, we
apply Lagrange Multiplier test4” proposed by (Engle, 1982) to detect ARCH disturbances bearing
asymptotically distribution as null hypothesis. A time series is supposed to be evident of ARCH/GARCH
effects or nonlinear-dependence if series rejects the null hypothesis. Thirdly, a multipurpose test is
applied named as non-linear McLeod and Li test (McLeod & Li, 1983)5 which investigates whether the
series of returns having a non-zero autocorrelation function or not. The null hypothesis of the test
implies no ARCH effects between lag1 and lag k returns meanings that there is no serial dependency
among returns. If this null hypothesis is rejected, then a time series is supposed to be evident of
ARCH/GARCH effects. Lastly, to observe the “quadratic-serial dependence” in the time series data6,
(Tsay, 1986) proposes Tsay test to measure this pattern.

All the linear and nonlinear test are applied on sub-samples based on crises periods selected in
this study for commodities (Gold, metal, oil & silver). Dependence in this study is investigated from
statistical viewpoint. Fama (1965) reports that it is essential to investigate the predictability
(dependency of returns) from statistical point of view because the levels of predictability may be too
small to facilitate profitable trading due to transaction cost. The current study ignores the extent to
which degree of predictability enables the investors to earn profit subjective to major problems in
estimate of real historical-trading costs.

3.1 Data
For the estimation of data, we employ the both linear as well as non-linear empirical tests on
daily returns of Commodity Indices (Gold, metal, oil & silver) during crisis periods. The returns are

3 “Alternative hypothesis is an indication that the model is misspecified (Brock, Scheinkman, LeBaron, & Dechert, A Test for Independence Based on the
Correlation Dimention, 1996)”.

4 Against GARCH alternatives, Engle suggest the Lagrange Multiplier test to identify ARCH effects which is more suitable (Bollerslev, 1986).

5 To identify ARCH effects, (McLeod & Li, 1983) proposes this test which is developed on the suggestions of (Granger & Anderson, 1978), recommends the
said test to measure the ARCH-effects.

6 “Tsay-test (Tsay, 1986) is a generalization of (Keenan, 1985) test”.

71



Review of Economics and Development Studies, Vol. 6 (1) 2020, 67-81

calculated as under;
I‘t == [ln(Pt) - ln(Pt_l)] X 100 .......... (1)

Where, In(P,) is the natural logarithm of the Commodity Index at time t, while In(P,_;) depicts
the natural logarithm of the Commodity Index at t — 1. Descriptive statistics for Commodity Indices are
reported in Table-1. Average daily Commodity Indices returns for Gold and Metal are positive in all
crisis periods except Asian crisis period. Similarly average daily returns for silver are positive in all
crisis periods except Dotcom crisis period which indicate that magnitude of extreme positive average
returns is greater than the magnitude of extreme negative returns (for gold, metal & silver). Average
returns for Oil display different behavior where the magnitude of extreme negative average returns is
greater than the magnitude of extreme positive returns. Return series of all commodities are evident of
non-normality as gold and metal show negative skewness in Asian and ESDC crises while positive in
Dotcom and GFC crises. Oil and silver show negative skewness in all the crises periods except Asian
crisis period. All the commodities employing a leptokurtic series as all the series are evident of excess
kurtosis. For normality test, the Jarque-Bera test statistics documented the statistically significance at
1% level, which shows that the Commodity Indices returns are non-normally distributed.

Table1 Descriptive Statistics of Commodities (Gold, Metal, Oil & Silver) under
different crises periods. Where “a” depicts 1 % level of significance

Crisis | N | Mean | Median | Maximum | Minimum | Std. Dev. | Skewness | Kurtosis | Jarque-Bera
Panel A: GOLD

Asian 175 | -0.0753 -0.10145 3.095829 | -5.08368 | 0.923716 | -0.6094a 7.7958 a 178.545 a

Dotcom | 697 | 0.011334 0.000000 | 6.575366 -3.43872 | 0.832869 | 1.07835a 10.9058a 1950.16 a

ESDC 805 | 0.043333 | 0.072425 | 3.649984 | -6.02906 | 1.119549 -0.8286 a 6.3572 a 470.186 a

GFC 522 | 0.067821 | 0.022693 | 8.590126 -6.03735 | 1.656648 | 0.2552a 5.6612 a 159.705 a
Panel B: METAL

Asian 175 | -0.04484 | -0.05979 | 2.893866 | -4.70066 | 0.911980 | -0.5031a 6.6181 a 102.840 a

Dotcom | 697 | 0.010401 | 0.000000 | 6.359632 -3.17032 0.794419 | 1.004 a 10.362 a 1691.408a

ESDC 805 | 0.045258 | 0.080108 | 3.760591 -7.91834 1.244303 | -0.950 a 6.8107 a 608.383 a

GFC 522 | 0.062285 | 0.065317 | 8.758968 | -6.27334 | 1.721034 0.2027 a 5.7022 a 162.395 a
Panel C: OIL

Asian 175 | -0.11049 0.000000 | 6.626127 -4.1886 1.620369 | 0.1612 4.405 a 15.155 a

Dotcom | 697 | -0.016 0.000000 | 8.072207 | -16.542 2.404796 | -0.7133 a 7.216 a 575.452 a

ESDC 805 | 0.021416 0.017099 | 8.946654 | -9.03834 | 1.804622 | -0.2192 a 5.143 a 160.527 a

GFC 522 | -0.00215 0.000000 | 13.34145 -13.0654 | 3.207857 | -0.1623 5.161 a 103.936 a
Panel D: SILVER

Asian 175 | 0.154371 0.053628 | 7.546039 -6.43653 1.735743 0.2729 a 5.908 a 63.839 a

Dotcom | 697 | -0.01802 0.000000 | 5.902624 | -4.52938 | 0.995644 | -0.2037 a 6.236 a 309.077 a

ESDC 805 | 0.060822 | 0.138893 | 6.825158 -19.4889 2.327827 | -1.2741a 10.130 a 1923.32 a

GFC 522 | 0.016572 | 0.173242 | 12.47068 -13.8343 2.754893 | -0.3961a 6.865 a 338.623 a

4. Results

41 Results of Linear Tests

Table 2 presents the results of Autocorrelation test for sub-samples (crises) up to five lags.
Coefficients of Gold & Silver indices exhibit insignificant and negative first order autocorrelation during
Asian crisis showing returns remain unpredictable (market efficiency). The behavior of Gold & Silver
indices then reverses and autocorrelation is highly significant during Dotcom and European Sovereign
Debt crisis showing evidence of return predictability (market inefficiency) on the basis of historical
data. The behavior again reverses and unpredictable in Global financial crises showing predictability of
Gold & silver returns goes under periods of predictability and no predictability (evidence of AMH).
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Metal index generates significant coefficients for first three crises sub-samples (Asian crisis, Dotcom
crisis & European Sovereign Debt crisis) indicating returns from Metal index remains predictable
(market inefficiency) over the period of all three crisis as first order autocorrelation is highly significant
at all the lags. The behavior then reverses and returns are unpredictable (market efficiency) in Global
financial crisis as coefficient generates insignificant first order autocorrelation at all the lags. Oil index
shows inverse behavior to Metal index as Oil index generates insignificant coefficients for first three
crises sub-samples (Asian crisis, Dotcom crisis & European Sovereign Debt crisis) indicating returns
from oil index remains unpredictable (market efficiency) over the period of all three crisis as first order
autocorrelation is highly insignificant at all the lags. The behavior then reverses and returns are
predictable (market inefficiency) in Global financial crisis as coefficient generates significant first order
autocorrelation at all the lags. It is clear from autocorrelation test that AMH is best elucidation of
behavior of all indices as the indices have gone through episodes of non-predictability (independency)
and predictability (dependency) over time.

Figure 1 Log price and log returns of Commodities (Gold, Metal, Oil & Silver) over the
specified sample period
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Source: Elaboration of data collected from Yahoo-Finance through R-Statistical Package

Table 2 also reports the output of runs test and reveals Gold index has independent behavior as
the test-statistic of runs test is insignificant (no return predictability) in Asian crisis. The next two sub-
samples of crisis (Dotcom crisis and European Sovereign debt crisis) exhibit significant linear
dependence as z — values are highly significant (returns predictability/market inefficiency). The
behavior then again reverses in the Global financial crisis and is evident of no linear dependency as
coefficient of z — value is insignificant (period of market efficiency). The empirical results of runs
model show that Gold index has gone via episodes of predictability (dependency) and episodes of no
predictability (independency) over time, thus AMH provides better description of returns in
commodities markets. Metal index generates significant z — valuesfor first three crises sub-samples
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(Asian crisis, Dotcom crisis & European Sovereign Debt crisis) indicating returns from Metal index
remains inefficient (linear dependency) over the period of all three crisis. The behavior then reverses
and returns are efficient (no linear dependency) in Global financial crisis as coefficient generates
insignificant z — values. Oil index generates insignificant z — values in all the crises periods thus
indicating market efficiency. Silver generates significant z — values (linear dependence) during Asian
crisis, the behavior then reverses and index returns are unpredictable during Dotcom crisis as z — value
is insignificant. The returns becomes again predictable and market becomes inefficient in European
Sovereign Debt crisis. The behavior reverses during Global financial crisis as returns have no non-linear
dependence (market efficiency) as z — value is insignificant. Runs test reveals that except Oil index, all
the indices go under periods of significant dependency and periods of independency over the periods of
crises thus AMH is best to explain the behavior of commodities indices than EMH.

Table 3 presents the results for variance ratio test for all commodities during four crises. We
find mean reversions between returns of all the commodities during crises periods as all four k's reveal
statistically significant test statistics (at 1 %) which is less than 1. The results reveal that returns of all

the commodities are predictable during crises periods and commodities markets are inefficient.

Table 2

Lags 1 to 5 while columns 8 to 13 show the results of non-parametric runs
Where “a” depicts 1 % level of significance, while “b” represents 5% and

Output of Linear Autocorrelation test and non-parametric runs test results for
commodities (Gold, Metal, Oil & Silver) under crises. First column represents
different crises. Columns 3 to 7 show depicts the Autocorrelation coefficient

test.

at

“c” shows 10%

Autocorrelation-Test Runs-Test
Crisis N Lags Test Cases Cases >= Total Number
1 2 3 4 5 Value < Test | Test Cases of Runs Z-value
Value Value

Panel A: Gold
Asian 175 -0.009 ) -0.065 -0.014 -0.011 -0.0753 93 82 175 97 1.346
Dotcom 697 -0.547b 0.059 a 0.018 a -0.03 a -0.014a 0.0113 381 316 697 374 2.105b
ESDC 805 -0.504a 0.037 a -0.06 a 0.022 a 0.022 a 0.0433 391 414 805 441 2.67a
GFC 522 0.071 -0.066¢ -0.002 0.015 0.075 0.0678 267 255 522 254 -0.689

Panel B: Metal
Asian 175 -0.572 a 0.038 a 0.12 a -0.2 a 0.175 a 0.1543 93 82 175 101 1.955 b
Dotcom 697 -0.548 a 0.057 a 0.013 a -0.02 a -0.005a -0.0180 320 377 697 379 2.429 b
ESDC 805 -0.502 a 0.033 a -0.05 a 0.025 a 0.016 a 0.0608 393 412 805 449 3.22 a
GFC 522 0.067 -0.058 0.005 0.01 0.068 0.0165 251 271 522 256 -0.492

Panel C: Oil
Asian 175 -0.004 -0.045 -0.004 -0.079 0.096 -0.1104 81 94 175 94 0.912
Dotcom 697 0.014 -0.088¢c 0.02 -0.046 -0.02 -0.016 324 373 697 349 0.0931
ESDC 805 -0.004 -0.009 -0.036 -0.027 -0.009 0.0214 403 402 805 403 -0.035
GFC 522 -0.078 a -0.044C 0.059C 0.061b -0.117a -0.0021 245 277 522 270 0.789

Panel D: Silver
Asian 175 -0.098 0.117 -0.036 -0.023 0.027 -0.0448 88 87 175 102 2.047 b
Dotcom 697 -0.59 a 0.081a 0.05 a -0.04 a -0.005a 0.0104 375 322 697 362 1.106
ESDC 805 -0.496 a 0.011 a -0.04 a 0.028 a -0.012a 0.0452 384 421 805 433 2.145b
GFC 522 -0.004 -0.007 0.019 -0.033 0.016 0.0622 260 262 522 256 -0.525

Figure 2 Statistics of linear test employed for Commodities (Gold, Metal, Oil & Silver).

represented by AC(1), while, VA(2) stands for 2-period return of variance

RUNS stands for z-statistic of the runs test. For lag 1, autocorrelation statistic

is

ratio test
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Results of Nonlinear Tests
Tables 4 & 5 report the Nonlinear Empirical results for Gold, Metal, Oil and Silver, while Table 3
presents Ljung-Box test statistics before and after implementing AR filter which shows the presence of
temporal linear structure (significant autocorrelation up to 5, 10, 15 and 20 lags at 1% level of
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significance) in all the series during all four crises periods. Thus in order to explore non-linear

dependence in indices returns the linear dependence must be removed. For the reason, a pre-whitening

AR-model can aid as a filter to eliminate any residual linear dependence and assist to investigate the

nonlinear dependency in the commodity returns. We estimate and present AR-models in table 3. It is

clear from the table that linear dependency (autocorrelation) is successfully removed (after AR filter)
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from the commodities returns as the series possess no statistically significant correlation up to 20 lags
during all four crises. The filtered returns then subjected to nonlinear tests (BDS test, Engle LM,
McLeod Li test and Tsay-test as discussed in the methodology) to detect nonlinear dependency. The
Gold index show similar results at Engle LM, McLeod Li and Tsay test as the tests statistics reveals
insignificant nonlinear dependence (indication of market efficiency) during Asian and Dotcom crises.

Table 3 Columns 3 to 6 shows the results of Variance ratio (VR) for sample commodities panels
(Gold, Metal, Oil & Silver) in Crises periods (where k = 2, 4, 8 & 16). Ljung-Box Q (LBQ) test results
before fitting An AR-model (presented in columns 7 to 10) and after fitting an AR-model (presented in
columns 12 &13). Where “a” depicts 1 % level of significance, while “b” represents 5% and “c” shows
10%.

Table 4 presents results of nonlinear tests for commodities (Gold, Metal, Oil & Silver). Columns
3 to 6 and 7 to 10 present test statistics ( at lags 5,10,15 & 20) for Engle Lagrange Multiplier and Tsay
tests respectively in sub as well as in full-samples. First column represents dates (Starting & ending).
Columns 11 to 14 focus on the tests statistics Qr (McLeod Li test) to examine the null-hypothesis that
“increments are i.i.d.”, where serial dependency of returns is represented by “D” while independence of
returns is represented by “I”. ). Where “a” depicts 1 % level of significance, while “b” represents 5%
and “c” shows 10%.

Table 3
Crisis N VR Test LBQ test AR LBQ test
Lags Lags Lags after AR filter
2 4 8 16 5 | 10 15 20 15 | 20
Panel A: Gold
Asian 175 0.434a 0.239 a 0.106 a 0.051a 76.7 a 80.5a 84.9a 95.3a 6 10.275 45.408
DOTCOM 697 0.453 a 0.249 a 0.127 a 0.061 a 212.0 a 215.2 a 217.3 a 230.5a 10 0.2382 19.69
ESDC 805 0.496 a 0.250 a 0.126 a 0.063 a 209.3 a 218.8 a 267.7 a 276.0 a 1 0.1680 15.268
GFC 522 0.576 a 0.267 a 0.140 a 0.070a | 110.6a 124.5a 136.6 a 137.5a 1 0.0562 19.227
Panel B: Metal
Asian 175 0.431a 0.244a 0.112 a 0.053 a 73.5a 76.3 a 81.5a 93.7a 1 0.516 16.482
DOTCOM 697 0.452 a 0.242 a 0.124 a 0.059 a 212.8 a 215.2 a 218.4 a 230.0 a 2 2.902 75.185
ESDC 805 0.498 a 0.250 a 0.128 a 0.064a | 207.6a | 219.6a 260.5 a 268.7 a 1 0.089 14.298
GFC 522 0.569 a 0.268 a 0.140 a 0.069a | 112.4a 125.4 a 139.2 a 139.8 a 4 0.1685 18.994
Panel C: Oil
Asian 175 0.516a 0.270 a 0.134 a 0.069 a 41.7a 48.9a 55.2a 59.0 a 7 0.461 28.843
DOTCOM 697 0.553 a 0.267 a 0.122 a 0.065 a 155.8 a 179.1a 182.8 a 187.6 a 5 0.0175 3.4945
ESDC 805 0.503a 0.256 a 0.122 a 0.068a | 199.3a 208.1a 217.7a 237.4a 1 0.4339 17.832
GFC 522 0.485 a 0.219 a 0.119 a 0.057 a 155.4 a 160.4 a 163.1a 169.7 a 1 0.02296 11.083
Panel D: Silver
Asian 175 0.406 a 0.238 a 0.124 a 0.057 a 69.3 a 73.2a 77.7 a 101.1a 9 0.0477 4.1784
DOTCOM 697 0.409a 0.225 a 0.114 a 0.061a 250.8a | 254.1a 258.8 a 275.9 a 9 0.1376 7.1815
ESDC 805 0.504a 0.257a 0.128 a 0.066 a 200.5 a 216.7 a 233.2a 238.7a 1 0.2371 21.495
GFC 522 0.503 a 0.260 a 0.128 a 0.059 a 134.5a 139.2 a 180.2 a 188.6 a 3 0.2495 4.796
Table 4
Engle LM Test-Statistics TSAY Test-Statistics McL.e O.d_Ll Test-
. Statistics

Crisis N AR

Lags Lags Qrr

5 10 15 20 5 10 15 20 5 | 10 | 15 | 20

Panel A: Gold

Asian 175 6 1.271 1.474 1.81 5.297 1.023 0.701 1.562 ¢ 1.003 1 I I I
Dotcom 697 10 3.826 12.43 13.021 18.1 1.035 1.278 ¢ 1.115 0.996 1 1 1 1
ESDC 805 1 152.4a 159.5a 162.87a 177.86 a 1.935b 2.271a 1.829 a 1.825a D D D D
GFC 522 1 31.4b 29.58 a 34.112 a 34.37b 2.165 a 1.405b 1.862 a 1.918 a D D D D
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Panel B: Metal
Asian 175 1 0.234 0.459 0.748 0.926 1.062 0.645 0.8223 0.783 1 1 1 1
Dotcom 697 2 4.076 18.27 ¢ 19.83 50.76a 2.521a 1.506 b 1.338 b 1.386 a 1 I I I
ESDC 805 1 30.54a 81.78 83.73 a 86.64 a 2.173 a 2.008a | 1.631a 1.695 a D D D D
GFC 522 4 40.36a 47.72 a 60.73 a 66.18 a 2.062 a 1.338 ¢ 1.783 a 1.741b D D D D
Panel C: Oil
Asian 175 7 1.271 1.474 1.81 5.297 1.65 C 1.477b 2.08 b 1.78 b 1 1 1 1
Dotcom 697 5 3.826 12.43 13.02 18.1 1.56 C 1.221 1.173 1.106 1 I I I
ESDC 805 1 152.4a 159.5a 162.87 a 177.86 a 1.236 1.806 a 1.409 a 1.44 a D D D D
GFC 522 1 3.42 29.58a 34.11a 34.377 b 1.47 1.903 a 2.367a 2.447a D D D D
Panel D: Silver
Asian 175 9 0.755 0.953 1.266 1.481 0.82 0.862 0.648 0.618 1 I I I
Dotcom 697 9 353.3a 393.7a 394.97 a 394.03 a 0.858 1.219 1.03 0.912 D D D D
ESDC 805 1 80.10a 89.50a | 109.87a 116.32a 4.714 a 2.039 a 1.869 a 1.613 a D D D D
GFC 522 3 46.4 a 54.53 a 59.048 a 61.53 a 1.09 1.306 C 1.889 a 1.667 a D D D D

The behavior of returns of Gold index then reverses and becomes predictable (indication of
market inefficiency) during European Sovereign Debt and Global financial crises thus supporting AMH.
The behavior of returns from Metal and oil indices swings similar to Gold index at both the Engle LM
and Mecleod li test, while Tsay test reveals different results as returns from Metal index are
unpredictable during Asian crisis and the behavior swings and returns are predictable during Dotcom,
European Sovereign Debt and Global financial crises periods. Returns from Oil index remain predictable
during Asian crisis, then unpredictable during Dotcom crisis and finally again predictable during
European Sovereign Debt and Global financial crises thus supporting AMH. Engle LM and McLeod Li
tests reveal similar results for returns from Silver index as returns remain unpredictable during Asian
crisis and the behavior swings and returns are predictable during Dotcom, European Sovereign Debt
and Global financial crises periods. Tsay test reveals that Silver index exhibits insignificant nonlinear
dependence (indication of market efficiency) during Asian and Dotcom crises. The behavior of returns
of Silver index then reverses and becomes predictable (indication of market inefficiency) during
European Sovereign Debt and Global financial crises thus supporting AMH.

BDS test revels that returns from Gold index remain predictable (nonlinear dependency/market
inefficiency) during Asian crisis, then unpredictable (no nonlinear dependency/market efficiency)
during Dotcom crisis and finally again predictable during European Sovereign Debt and Global financial
crises thus supporting AMH. Metal and Oil indices produce similar results as returns are unpredictable
supporting market efficiency during Asian and Dotcom crises. The behavior then shifts to significant
predictability and market becomes inefficient during European Sovereign Debt and Global financial
crises as the BDS test exhibits significant coefficients at 1%. Silver index shows similar behavior at BDS
test as it does with Engle LM and McLeod Li test, thus supporting AMH. Table 5 results of BDS test to
identify nonlinearity trends in residuals of AR filtered returns. 1st and 2nd rows presents dimensions
and embedded dimensions respectively in sub and the full-samples for the commodities (Gold, Metal,
Oil & Silver). ). Where “a” depicts 1 % level of significance, while “b” represents 5% and “c” shows
10%.

Table 5
BDS Test
Dimensions 5
Embedded Dimensions 0.50 10 1.50 20
Sample Period Observations | AR
Panel A: Gold
Asian 175 6 1.9072C 2.9294a | 3.8516 a 5.0079 a
Dotcom 697 10 | 0.1799 0.4411 0.7727 1.3848
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ESDC 805 1 2.9337a | 2.498 a 3.1004 a 3.6758 a
GFC 522 1 3.8625a | 5.0007a | 5.796 a 3.293 a
Panel B: Metal
Asian 175 1 1.6141 1.3513 1.1922 2.7834 a
Dotcom 697 2 0.4906 0.6649 0.9861 1.8603 c
ESDC 805 1 3.0645a | 2.55a 3.0976 a 3.6853 a
GFC 522 4 3.5922a | 4.5524a | 5.3114 a 2.8264 a
Panel C: Oil
Asian 175 7 1.8265C | 1.3452 1.3186 1.305
Dotcom 697 5 1.9092 ¢ | 1.3355 1.202 0.8125
ESDC 805 1 3.1542a | 4.3455a | 5.1279 a 5.1478 a
GFC 522 1 4.691a 7.0698 a | 8.9094 a 10.8188 a
Panel D: Silver
Asian 175 9 0.6124 1.0013 0.9354 1.8713cC
Dotcom 697 9 2.8601a | 4.1803a | 5.1073a 1.9701 a
ESDC 805 1 4.8074a | 5.6509a | 6.1529a 6.4828 a
GFC 4.467 a 4.8118a | 5.0899a 5.8258

522 3

5. Findings and Conclusions

Financial assets in global financial markets are attracting greater attention from practitioners as
well as from researchers (Abdelsalam & El-Komi, 2015). Varying degree of return predictability and
informational efficiency are the fundamental questions and these are not adequately addressed in the
existing literature. Thus we investigate in this paper the informational efficiency of four commodity
indices in association with time varying AMH (Adaptive Market Hypothesis) of (Lo, 2004 & 2005).
Extensive analysis is conducted in this paper to answer key question that how predictability of
commodity’s return evolves with the passage of time using disaggregated data sets through linear and
nonlinear econometric methods. For testing informational efficiency and degree of predictability of
returns, both linear and nonlinear tests offer a sensible measure. We find commodities show time
varying return predictability over time through sub-samples (crises periods) which is consistent with
AMH. Autocorrelation test (table 2) provides AMH consistent evidence by showing returns from all the
commodities have gone through episodes of predictability (dependency/market inefficiency) and
unpredictability (independency/market efficiency). The non-parametric runs test (table-2) provides
similar results except Oil index returns which remains unpredictable supporting EMH throughout the
sub-sample periods. All the commodity indices remain predictable (linear dependency) in all the sub-
periods of crisis at Variance ratio test (table 3) contradicting EMH. Results of nonlinear tests (BDS,
Engle LM test, McLeod Li test and Tsay test see table 4 & 5) are evident that all the commodity indices
returns show strong nonlinear dependence (market inefficiency) in some crises periods and while other
show strong evidence of no non nonlinear dependence (market efficiency) and these findings are thus
aligned and consistent with the inferences of AMH. In summary, the commodity returns are evident of
time varying behavior as returns from commodities have swing through significant predictability
(dependency) and insignificant predictability (independency) in sub-sets of crisis. The evolving
evidence of commodity returns is casting a serious doubt to EMH while consistent with the implications
of AMH. Therefore, AMH is the best description of commodities returns.

This paper has attempted to provide a comprehensive and detailed analysis of the issue
underpinning the research. But like any other research articles, this paper also has a number of
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limitations. The selection of sample size is the first limitation of the study. We did not include any era
except crises periods. Secondly, we investigated only few popular commodities having active trading so,
we excluded other commodities. Therefore, the results are generalized only to data for a sub-set of
commodities. Thirdly, the paper ignored transaction cost (commissions, fee and taxes). The decision to
overlook transaction cost was made on the basis of the fact that transaction costs are very freely
negotiated between the clients and members. Fourth, a limited number of studies investigates the
varying degree of market efficiency through AMH. So, the more literature could have been better
suitable and to have a comprehensive view of behavior of commodity returns.

As Lo (2004) develops the notion of AMH in 2004, so future work on AMH is potentially
plentiful. The use of rolling window analysis and larger full and sub-sample may be fruitful to examine
AMH. Thus, we recommend that a large sub-set of commodities and most recently listed commodities
on NYSE may be used to examine this issue in future work. Future work may use qualitative research
strategy along with quantitative strategy e.g. future studies may conduct interviews with participants of
commodities market (brokers, investors & regulators) to analyze their views about commodity price
regularities with regards to different calendar anomalies and to investigate the role of investor behavior
or sentiments in New York stock exchange. Researchers in future may extend this topic by analyzing
technical rules, buy-hold strategy and other trading strategies to explore whether investors truly beat
the market. The future work may use individual commodities, bond markets, foreign exchange markets
and other equity markets around the globe to examine the changing levels of efficiency of markets.
Researchers in future may compare markets from developed and developing countries through AMH to
test whether the power of anomalies has changed (increased or decreased) over time. Furthermore;
limited studies have covered impact of political regimes on stock market in the world and fewer in
NYSE. Thus the future studies may include political factors such as overall country situation, political
environment, government policies and economic factors to test whether these factors have positive or
negative impacts on NYSE.
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