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Abstract:

The main purpose of this study is to determine the weak form efficiency of the
emerging gold markets such as China, India and Russia with the special focus on testing
random walks (RWS) and martingale difference sequence (MDS) hypotheses during
different periods of time. This study uses bias free statistical techniques such as runs
test, parametric variance ratio tests and recent modified non-parametric variance ratio
tests based on ranks and signs by using daily spot gold prices from January 12, 1993 to
October 28, 2016. Findings of the study suggest that Russian gold market is weak form
efficient throughout the period whereas other two markets are found weak form efficient
during second sub period only that is, January 2000 to December 2005.

Keywords: variance ratios, Ranks and signs, emerging gold markets, Random walks,
Martingale.
JEL classification: G1, G14, G17.

1. Introduction

Gold is considered as one of the most important and precious metals (Blose, 1996; Blose
and Shieh, 1995; Dubey et al., 2003). It serves the different purposes for agents in the
market. First, it is used as raw material for producing technological and electronic goods
(Rockerbie, 1999; Solt and Swanson, 1981). Second, it is used as an ornaments such as
jewelry (Batchelor and Gulley, 1995; Baur and McDermott, 2010). Third, it is used as
security for hedging risk and portfolio diversification (Davidson et al., 2003; Wang et
al., 2011). Fourth, it is used as store of value and safe haven for investors and central
bankers (Baur and Lucey, 2010; Baur and McDermott, 2010). Fifth, it is used as
currency such as coins and medium of exchange (Chang et al., 2013; Sjaastad, 2008).
Keeping in view these facts the study of gold price behavior has been a topic of interest
for researchers. Because of various uses of gold (e.g technology, monetary, jewelry,
investment and central banking) understanding the behavior of gold returns in weak
form efficient market context is very important for researchers, regulators, policy
makers and investors. Belaire-Franch and Opong (2010) mention that researchers
usually try to understand how the security prices behave over time, whereas the
practitioners and investors (such as speculators, hedgers and arbitrageurs) try to exploit
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the behavior of market inefficiencies. On the other hand, regulators and policy makers
try to increase the pricing efficiency of financial assets, and in order to increase this
pricing efficiency they increase the speed of information flow in gold markets. The
behavior of gold price returns is, therefore, very important to understand for participants
and key actors in financial markets.

A vast literature is available that has focused on gold prices and markets and those
various studies have analyzed the gold in different strands. First strand of literature has
determined the cointegration and/or causality relationship between macroeconomic
variables and gold prices/markets by using different ARCH models (Sjaastad and
Scacciavillani, 1996; Tully and Lucey, 2007; Zhang and Wei, 2010). Second strand of
literature has examined the spillovers, linkages, interdependencies and efficiencies
amongst the gold markets (such as US, UK and Japan) and between gold and other
markets (such as other precious metals, bonds and stocks) (Caminschi and Heaney,
2014; Chang et al., 2013; Ewing and Malik, 2013; Xu and Fung, 2005). Third strand
of literature has examined the role of gold as security for risk and portfolio
diversification, derivative and hedging instrument, store of value and safe haven (Baur
and Lucey, 2010; Baur and McDermott, 2010; Davidson et al., 2003; Wang et al., 2011).
The final strand of literature, which is directly related to the purpose of this study, has
analyzed the predictability of gold market returns (Baur, 2013; Blose and Gondhalekar,
2013; Mills, 2004; Monroe and Cohn, 1986; Pierdzioch et al., 2014; Tschoegl, 1980;
Wang et al., 2011; Yu and Shih, 2011).

Literature available on the weak form efficiency of gold markets is, however, not free
from limitation. Results of most of those studies are mixed even within the same study,
such as some of the studies provide evidence for the existence of weak form efficiency
in gold markets (Beckers, 1984; Ho, 1985; Pierdzioch et al., 2014; Tschoegl, 1978),
whereas other studies indicate that the gold markets are not weak form efficient (Basu
and Clouse, 1993; Baur, 2013; Blose and Gondhalekar, 2013; Narayan et al., 2010;
Shafiee and Topal, 2010) whilst other studies show the mixed results (Parisi et al., 2008;
Wang et al., 2011).

Possible reasons for inconsistent results about gold markets efficiencies are that most
of the previous studies have used the techniques such as serial correlation tests,
autoregressive and Autoregressive integrated moving average (ARIMA) models which
may not be successful due to presence of different econometric issues in the data such
as heteroscedasticity and non-normality. Moreover, Lim and Brooks (2011) suggest that
there is new paradigm which plays its role in the efficient markets, that is, adaptive
market hypothesis (AMH). This new hypothesis states that efficient market hypothesis
and behavioral finance may logically and consistently be persistent with each other and
market efficiency does not remain fixed over time but changes with the passage of time
(Lim and Brooks, 2011).

Keeping in view the limitations in the existing literature, this study extends previous
literature in two directions. First, it uses robust statistical techniques such as variance
ratio tests proposed by Lo and MacKinlay (1989) and Wright (2000)Lim and
Brooks, 2011 for testing strict random walks (RWS) and relaxed martingale difference
sequence (MDS) hypothesis. Second, this study divides data into different periods to
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determine whether the efficiencies of the gold markets change with the passage of time.
Rest of the paper is organized as follows. Section 2 describes data sample, descriptive
statistics of the data, runs test, and various parametric and non-parametric variance ratio
tests; section 3 provides discussion and analysis of results and section 4 concludes the

paper.

2. Data and Methodology
2.1.Data and Sample

Daily data for spot gold prices is taken from world gold council (WGC) website for
Russia, India, and China, that covers the period from January 12, 1993 to October 28,
2016. This study focuses on these three emerging countries only out of four BRIC
countries since the data for Brazil is not available at WGC website. Returns are then
calculated by taking the log difference of daily spot gold prices:
Dt
1y = In(—)
Pt-1

Where In is the natural logarithm and p, and p;_ indicate daily spot gold prices at time
t and t — 1 respectively.

Following Mobarek and Fiorante (2014), who tested the weak form efficiency of BRIC
(Brazil, Russia, India and China) equity markets, this study further extends analysis by
dividing the data into three sub groups?. Like equity markets as suggested by Mobarek
and Fiorante (2014), there is possibility that the changes in market environments as well
as changes in reasonable structural breaks may have changed the market efficiency of
gold markets as well. Data for first subgroup, which covers period from January 1993
to December 1999, is mainly due to the Asian crisis started in 1997 which directly
affected the Asian countries. Russia also faced serious crisis in 1998 caused by Asian
crisis. Second subgroup, which covers period from January 2000 to December 2005,
focuses “dotcom bubble,” which had also great impact on major industrialized
countries. Last period that is from, January 2006 to October 2016 covers 2008 global
financial crises.

Table 1 provides descriptive statistics of gold returns for whole sample as well as three
subsamples. On average mean returns and standard deviation for Russian gold market
are higher than Indian and Chinese gold markets specially for whole sample as well as
for sub_period 1 (1993-1999) and sub_period 3 (2006-2016), High returns and standard
deviation for Russia indicate that gold market in Russia is relatively riskier. Hence
returns are higher for Russia as well to compensate the extra risk. Minimum and

2Mobarek and Fiorante (2014) tested weak form efficiency of BRIC equity markets by covering
the period from September 1995 to March 2010. They further divided the data into three sub
periods i.e sub period 1: 1995:09-1999:12, sub period 2: 2000:01-2005:12, sub period
3:2006:01-2010:03, in order to confirm whether efficiency of equity markets may have evolved
over time.
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maximum values also indicate the higher volatility for Russia that is around 47% to -
36% for whole sample period as well as for first sub_sample period (1993-1999).
However, for second sub_sample period all three markets become equally volatile
having maximum and minimum values around 6.5% to -5.4% respectively. Hence it
can be concluded that in period two all three markets provide almost equal mean returns
and are equally risky as well. Jarque Berra statistics indicate that returns are not
normally distributed for all countries for whole sample as well as for all sub samples,
as the null hypothesis of normal distribution is rejected in all cases.

Table 01: Descriptive Statistics of daily gold returns

Market Mean Max Min Std. JarqueBera No of
Dev. Obs.

Full Period : 1993:01-2016:10

China 0.001 0.408 -0.096 0.01 16198659*** 6209
India 0.001 0.071 -0.094 0.01 10871.7*** 6209
Russia 0.002 0.465 -0.364 0.03 5804470%** 6209

Sub period 1: 1993:01-1999:12

China 0.001 0.408 -0.054 0.01 2743566*** 1825
India 0.001 0.059 -0.036 0.01 1963.838*** 1825
Russia 0.002 0.465 -0.364 0.02 498324.3*** 1825

Sub period 2: 2000:01-2005:12

China 0.001 0.064 -0.054 0.01 2532.227*** 1565
India 0.001 0.065 -0.053 0.01 2622.658*** 1565
Russia 0.001 0.065 -0.053 0.01 2082.024*** 1565

Sub period 3: 2006:01-2016:10

China 0.001 0.067 -0.096 0.01 2583.76*** 2825
India 0.001 0.071 -0.094 0.01 2479.221%** 2825
Russia 0.002 0.137 -0.160 0.02 17518.16*** 2825

*** indicate that the null hypothesis of normality is rejected for all countries and all sample
periods studied at 1% significance level.

2.2. Methodology

This study focuses on runs test as well as parametric variance ratio tests proposed by
Lo and MacKinlay (1988), and Lo and MacKinlay (1989); and modified non parametric
variance ratio tests using ranks and signs proposed by Wright (2000) for testing the
strict random walks (RWS) and relaxed martingales difference sequence (MDS)
hypothesis of weak form market efficiency. Different variance ratio tests have been
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proved as robust tests since they provide more accurate results for testing the random
walk properties as compared to other tests such as serial correlation tests, autoregressive
and ARIMA models (Liu and He, 1991; Lo and MacKinlay, 1989). Following the
process of Mobarek and Fiorante (2014), this study provides only detail discussion of
various variance ratio tests. Therefore, runs test is quite commonly discussed in the
existing literature.

2.2.1. Variance Ratio Test

Existing literature provides number of variance ratio tests to test the strict random walks
(RWS) and relaxed martingale difference sequence (MDS) hypothesis. RWS
hypothesis assumes that increments are homoscedastic, whereas MDS assumes that
increments are caused by heteroscedasticity.

Lo and MacKinlay (1988) proposed single variance ratio test which suggests that
increments are supposed to be serially uncorrelated if prices follow a random walk and
variance in increments should increase linearly in the interval of sampling.

Pt = Pe-1 tR+e, &~IID N(0,0%) ()

The variance of (p; — p¢—2) should be twice the variance of (py — p¢—1). In the
same way the weekly time series should have five times more variance than the daily
series (Karemera et al., 1999). Similarly if gold prices follow a random walk than the
variance of (p; — pr—xJ)should be k times the variance of (p; — p¢—q1) i.€
Var(p; — pi-k) = kVar(py — pe-1) 2)
Therefore, Lo and MacKinlay (1988) proposed variance ratio as follows:

(3)var®e-pe-1)) _ o%(k)

VR = e o~ o) ®)
Where the null hypothesis for single variance ratio test is:
Hy:VR(k) =1 4)

Lo and MacKinlay (1988) also proposed two test statistics for the null hypothesis of
random walk. First test statistic assumes homoscedastic increments, is used to test strict
random walks (RWS) hypothesis and defined as follows:

VR(k)-1
¢ (k)

z1(k) = ~N(0,1) ()
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2(2k—-1)(k—1)
3KkT

Where ¢ (k) = (6)

The second test statistics that prefers to follow the assumption of heteroscedastic
increments and is used to test the relaxed martingale difference sequence (MDS)
hypothesis in this study as follows:

VR(k) 1

zy(k) =

~N(0,1) (7)

Where ¢* (k) = \/[42 (1 — —) St] and

Zl t+1(pl Pi—1=0*((Pi—1=Di—t-1—1)?
[Zi=1(pi_pi—1_u) 12

6t:

Luger (2003) suggested that non parametric tests provide robust results even the data
are not normally distributed. Further, Wright (2000) modified parametric variance ratio
test proposed by Lo and MacKinlay (1988) to a non-parametric variance ratio test. The
main difference between the two tests is that Wright (2000) uses return ranks and signs
instead of return differences used by Lo and MacKinlay (1988). Given T observations
of asset returns i.e (y_1,...... y_T) Wright (2000) defined R1 and R2 variance ratios as
follows:

(TR AT (et +r1t-k+1) 2(2k-1)(k—1)\ ~1/2

Ry(k) = (o] - (BER) ®)
TR TR (et 4T )? 2(2k-1)(k-1)\ " /2

Ry(k) = (ot ) (2R ©

Where

T(yt_%) -1 (rO)
and TZt = ¢) (_)

e = —/]——=
1t (T-1)(T+1) T+1
12

r(y,) denote rank of y,amongy;,...,yr and ¢~ is the inverse of standard normal
cumulative distribution function.

On the other hand, Wright (2000) proposed non parametric test based on the signs of
returns, instead of ranks and defined S; and S, by the following equations:

Sukkur IBA Journal of Management and Business — SIJIMB | Volume 5 No. 1 January — June 2018 © Sukkur IBA University
57



Chang B. (et al.)/ Are gold markets weak form efficient? Evidence from China, India and Russia (pp. 52-65)

1

_ (TR TS (st gr)? 22k-Dk-D\ 2
51= ( =137, s? 1)x ( 3kt ) and (10)
-1
_ (TR S (st @+ +Ser 1 (D) 22k-D(k-1)\Z
52 = ( T=137_; se(D)? 1)x ( 3kt ) (11)

Where s, = 2u(y;, 0), s¢ (1) = 2u(y,, i), and

_ [ 05 ifx; >q,

h(xe, ) {—0.5 otherwise

By performing various simulations Wright (2000) proposed that under
homoscedasticity conditions Rank tests such as Ry and R, provide more robust results
(RWS hypothesis), whereas signs tests such as S; and S, provide better results when
there are heteroscedastic conditions. In This study, ranks tests are used to test the
random walks (RWS) hypothesis, whereas signs tests to test the martingale difference
sequence (MDS) hypothesis.

3. Results Analysis and Discussion

This section provides a discussion and analysis of runs test and various variance ratio
tests to test the strict RWS and relaxed MDS hypothesis. Moreover, the results are
further divided into three subgroups to test whether efficiency of gold markets in
emerging countries such as in Russia, India and China has changed with the passage of
time.

3.1.Runs Test

Table 2 provides results for runs test to test whether the successive price changes are
invariant of time so they do not follow trend. In our case, runs test is used to test the
RWS hypothesis for the whole period as well as for three sub periods. For whole the
period, results indicate that gold market in Russia follows a random walk. In other
words, Russian gold market is weak form efficient in terms of strict RWS. On other
hand, two markets such as China and India are not weak form efficient as the null
hypothesis is rejected for both the gold markets. Results for first sub period are
consistent with whole period, since Russia is only found weak form efficient. Results
for the second sub period are quite interesting since all markets are found weak form
efficient, which indicates that emerging gold markets have evolved in terms of weak
form efficiency as results reveal that all emerging countries show independent price
changes. Results for third sub period are consistent with the results of first sub period
and with whole sample. It indicates that Russia is found weak form efficient in terms of
strict RWS, whereas China and India are found inefficient.
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3.2.Variance Ratio Test

Variance ratio test results for gold returns of the emerging markets are given in Table
3. Column 1 provides the number of days intervals that is lag k, where k=2, 5, 10 and
Table 02: Runs Test

Market Test Cases Cases>= Total Number Z- P
Value < test test Cases  ofruns Statistics value
Value Value

Full Period : 1993:01-2016:10

China 0.00024 3261 2948 6209 3195 2.47 0.01*
India 0.00035 3146 3063 6209 3217 2.89 0.00*
Russia 0.00103 3120 3089 6209 3115 0.99 0.32
Sub period 1: 1993:01-1999:12

China 0.00014 1006 813 1819 952 2.22 0.02*
India 0.00016 965 854 1819 952 2.05 0.04*
Russia 0.00022 898 921 1819 848 0.52 0.60
Sub period 2: 2000:01-2005:12

China 0.00034 815 750 1565 785 0.16 0.87
India 0.00038 773 792 1565 787 0.18 0.85
Russia 0.00039 799 766 1565 803 1.05 0.29
Sub period 3: 2006:01-2016:10

China 0.00026 1440 1385 2825 1462 1.85 0.06*
India 0.00046 1408 1417 2825 1486 2.74 0.00*
Russia 0.00059 1423 1402 2825 1416 0.17 0.86

Runs test is used to test the null hypothesis that is gold prices follow a random walks (RWS). *P
value below 0.1 indicates that null hypothesis of weak form gold market efficiency is rejected at
10% significance level.

30 as proposed by Wright (2000). Column 2 and 3 show the results of the parametric
test statistics proposed by Lo and MacKinlay (1988). M, is used under the assumption
of homoscedasticity which in our case is used to test the random walks (RWS)
hypothesis. On other hand, M,is used under the null hypothesis of heteroscedasticity
which in our case is used to test the martingale difference sequence (MDS) hypothesis.
The results in columns four through seven are based on non-parametric test statistics
proposed by Wright (2000). In these columns, the ranks (R1 and R2) test the strict RWS
hypothesis whereas signs (S1 and S2) test the relaxed MDS hypothesis.

3.3.Variance Ratio Test

Variance ratio test results for gold returns of the emerging markets are given in Table
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3. Column 1 provides the number of days intervals that is lag k, where k=2, 5, 10 and
30 as proposed by Wright (2000). Column 2 and 3 show the results of the parametric
test statistics proposed by Lo and MacKinlay (1988). M, is used under the assumption
of homoscedasticity which in our case is used to test the random walks (RWS)
hypothesis. On other hand, M, is used under the null hypothesis of heteroscedasticity
which in our case is used to test the martingale difference sequence (MDS) hypothesis.
The results in columns four through seven are based on non-parametric test statistics
proposed by Wright (2000). In these columns, the ranks (R1 and R2) test the strict RWS
hypothesis whereas signs (S1 and S2) test the relaxed MDS hypothesis.

The results in Table 3 are given for the subsamples and the whole sample in the gold
markets of the China, Russia, and India. The test statistics i.e M1 and M2 indicate that
both RWS and MDS hypothesis cannot be rejected in case of China except when lag
interval is 30 for M1. On other hand, the null hypothesis is rejected for all other test
statistics i.e R1, R2, S1 and S2. These differences may be due to the reason that LM test
statistics (M1 and M2) do not provide robust results under the presence of
heteroscedasticity. For India and Russia null hypothesis is rejected for most of the lag
intervals when M1 test statistics is used. Alternatively, the null hypothesis cannot be
rejected for both India and Russia in case of M2. Finally, test statistics R1, R2, S1 and
S2 reject both RWS and MDS hypotheses.

Overall, results for whole sample indicate that all three emerging gold markets are weak
form inefficient, as both strict RWS and relaxed MDS hypothesis are rejected. These
results are different from those of runs test, in case of Russia only, since runs test
indicates that Russia is an efficient market.

For first sub period covering from January, 1993 to December, 1999, M1 and M2 test
statistics indicate that China is an efficient market. On the contrary, Wright (2000) test
statistics (R1, R2, S1 and S2) reject the null hypothesis of weak form market efficiency
in case of China. For India, the null hypotheses (both RWS and MDS) are rejected
against all the given test statistics for most of the lag intervals. It further indicates that
India is weak form inefficient during first sub period. For Russia only M1 suggests
weak form inefficiency of Russian gold markets, whereas all other test statistics do not
reject null hypotheses of RWS and MDS except M2 at lag 2. These results, therefore,
conclude that Russia was weak form efficient during first sub period. Discrepancies in
M1 results may be due to the presence of heteroscedasticity in the data.

For sub period 2 ranging from January, 2000 to December, 2005, the null hypotheses
are accepted against all the given test statistics except R1. In R1, the null hypothesis is
rejected for India and China at lag 2 only. These results are consistent with runs test for
sub period 2.

For sub period 3 commencing from January, 2006 to October, 2016, the test statistics
i.e R1, R2, S1, and S2 suggest that Russia is weak form efficient. On other hand, China
and India are not weak form efficient. However, test statistics proposed by Lo and
MacKinlay (1988) give inconsistent results. Contrary to robust test statistics proposed
by Wright (2000), M1 test statistics indicate that China is weak form efficient, whereas
Russia is inefficient.
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Overall findings for period 2, except M1 and M2 test statistics results, suggest that for
all three emerging markets, null hypotheses of weak form efficiency (both strict RWS
and relaxed MDS) cannot be rejected for all test statistics including runs test; whereas
for sub period one and sub period three, null hypothesis is rejected for China and India
but not for Russia. These results therefore conclude that Russian gold market is found
weak form efficient during all individual periods, whereas China and India became
efficient during second sub period only. Moreover, results of two types of hypotheses
are consistent with each other, that is, both types of hypotheses are accepted for Russia

Table 03: Variance ratio test results for China, India, and Russia

Period M1 M2 R1 R2 S1 S2

Full Period : 1993:01-2016:10

China

2 -0.92 -0.52 -2.46%** -2.02** -1.97** -3.45%**
5 -1.61 -0.90 -1.83* -2.02** -1.87* -3.06***
10 -1.27 -0.72 -0.37 -1.56 S2.71F**  2.16%*
30 -1.67* -0.98 -1.83* -1.67* -1.69* -1.53
India

2 -1.69* -0.78 -1.77* -2.87*%**  -1.95* -3.85%**
5 -2.84%** 147 -1.99** -2.67***  -1.66* -3.19%**
10 -1.14 -0.82 -1.99** -1.51 -1.73** -1.91*
30 -1.57 -0.56 -1.70* -1.41 -0.93 -1.25
Russia

2 -1.80* -0.24 -1.67* -1.74* -1.72* -1.38

5 -2.86***  -0.45 -1.71* -1.96** -1.98** -2.01**
10 -3.17***  -0.60 -1.69* -0.27 -1.92* -1.92**
30 -0.11 -0.02 -0.08 0.61 -0.01 -1.68*
Sub period 1: 1993:01-1999:12

China

2 -1.47 -0.68 -1.87* -0.41 -2.49** -2.53%**
5 -0.87 -0.48 -1.76* -1.86* -1.70* -2.52%**
10 0.09 0.06 2.35%** -2.11** 2.25%* -2.07*
30 -0.18 -0.15 -2.04** -2.02** -2.03** -1.36
India

2 -1.07 0.53 0.38 -1.92* -2.19** -2.15**
5 1.98** 1.97**  1.29 -1.99** -1.73* -1.68*
10 2.88*** 2.64***  2.18** -2.56%**  2.31** -1.98**
30 0.79 1.73* 0.51 -0.89 0.36 -1.04
Russia
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Period M1 M2 R1 R2 S1 S2
2 8.92*** 1.74* 1.49 -0.58 0.72 -0.77
5 2.62%** 0.46 0.98 -0.24 0.18 -1.23
10 -3.95***  -0.65 -1.49 -0.14 -0.44 -0.98
30 -2.46** -0.45 -0.71 0.18 -0.14 -0.86
Sub period 2: 2000:01-2005:12
China
2 -1.00 -0.61 -1.96** -0.69 -1.04 -0.98
5 -0.24 -0.16 -0.48 -0.13 -0.29 -0.35
10 -0.55 -0.40 -0.89 -0.54 -0.61 -0.50
30 -1.27 -1.04 -1.50 -0.95 -1.24 -0.61
India
2 -0.79 -0.47 -1.90* -0.74 -1.01 -0.88
5 0.33 0.22 -0.24 -0.15 -0.15 -0.37
10 0.01 0.00 -0.51 -0.37 -0.35 0.08
30 -0.86 -0.68 -1.22 -0.83 -1.00 -0.07
Russia
2 -0.97 -0.61 -1.62 -0.53 -0.89 -0.99
5 0.11 0.07 -0.09 -0.03 -0.05 -0.58
10 -0.17 -0.12 -0.53 -041 -0.36 -0.98
30 -0.89 -0.73 -1.08 -1.00 -0.89 -1.56
Sub period 3: 2006:01-2016:10
China
2 -0.48 -0.36 -1.69* -1.77* -2.37** -2.35%*
5 -1.11 -0.83 -1.73* -1.74* -2.43***  -2.26%*
10 -0.92 -0.69 -0.45 -1.00 -0.36 -1.16
30 -1.16 -0.89 -1.16 -1.09 -1.92* -0.73
India
2 -1.17 -0.78 -1.74* -2.54** -1.97** -3.33***
5 -2.02** -1.41 -1.97** -2.75%**  -1.96** -3.15***
10 -0.85 -0.61 -2.73** -1.48 -2.55***  .2.12%*
30 -1.12 -0.82 -1.12 -1.02 -1.85* -0.97
Russia
2 -1.37 -0.26 0.31 0.20 0.12 -0.69
5 -2.03** -0.46 -0.35 -0.68 -0.16 -1.56
10 -2.15%* -0.59 -0.56 -0.04 -0.28 -1.34
30 0.04 0.02 0.88 1.21 0.51 -0.65

*, ** and *** indicate that null hypotheses are rejected at 10%, 5% and 1% level respectively.
M1 and M2 test results are based on test statistics proposed by Lo and MacKinlay (1988) where
M1 tests the strict random walks (RWS) hypothesis whereas M2 tests the relaxed martingale
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difference sequence (MDS) hypothesis. R1, R2, S1 and S2 tests are based on recent non
parametric variance ratio tests proposed by Wright (2000) where R1 and R2 (ranks) test the strict
random walks (RWS) hypothesis whereas S1 and S2 (signs) test the relaxed martingale
difference sequence (MDS) hypothesis. M1, R1, and R2 test statistics are more robust when
there are homoscedastic conditions whereas M2, S1, and S2 provide better results when there
are heteroscedastic conditions.

during all individual periods whereas both are accepted for India and China during
second sub period only. Results of test statistics proposed by Lo and MacKinlay
(1988) (M1 and M2) are, however, not consistent with the findings of Wright (2000)
and runs tests.

4. Conclusion

The objective of this study is twofold. First, to determine whether the emerging gold
markets such as China, India and Russia are weak form efficient with the special focus
on testing strict random walks (RWS) and relaxed martingale difference sequence
(MDS) hypotheses. Moreover, whether the efficiency of these markets has evolved with
the passage of time.

This study focuses on a number of biased-free statistical techniques such as runs test,
Lo and MacKinlay (1988) parametric variance ratios tests (M1 and M2) and Wright
(2000) modified non parametric variance ratio tests (R1, R2, S1, and S2) for testing two
types of hypotheses. Moreover, this study further divides data into three sub periods for
serving the second purpose of this study.

Findings based on runs test, and modified non parametric tests suggest that gold market
in Russia is efficient throughout the sample period, whereas for India and China the
findings are different for different periods. Both types of null hypotheses are rejected
for India and China for period one (from January 1993 to December 1999) and period
three (January 2006 to October 2016) but accepted for period two (January 2000 to
December 2005), which employs that these two markets improved their efficiency
during second period but that again deteriorated in the last period.
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