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Abstract 
This paper utilizes the automatic variance ratio test and Belaire-Franch and 
Contreras (2004) rank-based tests to examine the adaptive market hypothesis 
in Indian exchange rates relative to US dollar (USD), Great British pound 
(GBP), Euro and Japanese yen (Yen). We use overlapping and non-overlapping 
moving subsample approach to examine the sensitivity of the results to a par-
ticular sample period. Our findings provide evidence in support of violation 
of the martingale hypothesis of Indian exchange rates relative to the US dollar 
and Japanese yen for whole sample period. Our findings also provide evidence 
that the predictability of returns of Indian exchange rates occurs from time to 
time and depends on occurrence of major macroeconomic events. These 
findings are consistent with the validity of adaptive market hypothesis in In-
dian exchange rates. 
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1. Introduction 

The foundation of the efficient market hypothesis lies in the ground-breaking 
works of Bachelier [1], Cootner [2], Samuelson [3] and Fama [4]. After the se-
minal studies of Samuelson [3] and Fama [4], the Efficient Market Hypothesis 
(hereafter EMH) has been one of the most important and widely documented 
theories in the finance literature. The theory of EMH states that if the market is 
efficient, then the asset prices fully reflect all the available information. This also 
reflects the inability to forecast future price changes using historical prices [4]. 
Moreover, the technical trading strategies are unprofitable if the market is effi-
cient. This also indicates that the market movements follow a martingale 
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process. Many studies in the literature related to the Efficient Market Hypothesis 
test whether the logarithmic price increments follow a martingale difference se-
quence (MDS), that is, no autocorrelation in the logarithmic price increments. If 
the Indian exchange rates follow MDS, then the Indian exchange rate returns are 
unpredictable using its own historical information. However, the inefficiency in 
the behavior of the exchange rates can be due to: 1) the intervention by the cen-
tral bank [5]; 2) the exchange rate levels may not adjust quickly as new informa-
tion hitting the market [4]; 3) the exchange rate may not be at the equilibrium 
level [6]; and 4) due to regulatory restrictions, the foreign banks may not be able 
to access the exchange rate market. The seminal work of Giddy and Dufey [7], 
Roll [8], Meese and Singleton [9], Adler and Lehmann [10], Darby [11], Hsieh 
[12] and Baillie and Bollerslev [13] provide evidence in support of the hypothesis 
that the nominal exchange rates follow a random walk. Huizinga [14] and Grilli 
and Kaminsky [15] find evidence against the random walk hypothesis for ex-
change rates. 

Varieties of tests exist to analyze the efficiency characteristics of the time se-
ries. The most popular of all is the variance ratio test and its modifications. The 
variance ratio test was originally proposed by Lo and MacKinlay [16]. It assumes 
that if the given time series follows a random walk, then the variance of the 
k-period return is k times of the variance of the one-period return. Various 
modifications of the variance ratio test exist in the literature which include 
Wright’s [17] rank and sign tests, Choi’s [18] automatic variance ratio test, 
Chow and Denning’s [19] multiple variance ratio test, Whang and Kim’s [20] 
multiple variance ratio test using sub-sampling, Belaire-Franch and Contreras’s 
[21] rank and sign based variance ratio tests and Chen and Deo’s [22] power 
transformed variance ratio test. The other kind of tests includes the autocorrela-
tion test (Box and Pierce [23]; Ljung and Box [24]) and the spectral tests (Durlauf 
[25]; Hong [26]) to analyze the efficiency characteristics of the time series. 

Literature provides evidence that the efficiency characteristics of the financial 
time series do not remain same over a period but exhibit time-varying property 
(Kumar and Maheswaran, [27]; Kumar, [28]; Kumar and Maheswaran, [29]). Lo 
[30] [31] proposed the concept of the adaptive markets hypothesis (AMH) 
which provides a framework to reconcile the market efficiency with the concept 
of bounded rationality. This indicates that the market efficiency characteristics 
do not remain same but vary with the changing market and macroeconomic 
conditions (recession, market crashes and crises, bubbles) and institutional fac-
tors. There exist two ways to examine the validity of the adaptive market hypo-
thesis. The first way is to analyze the degree market efficiency by using 
time-varying models (Ito et al. [32] [33]). The second way is to analyze the mar-
ket efficiency by using tests based on moving window approach (Kim et al., [34]; 
Lim et al., [35]). 

The central aim of this paper is to analyze the market efficiency characteristics 
of the Indian exchange rates relative to US dollar, Great Britain pound, Euro and 
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Japanese yen. The paper also analyzes the implication of changing market effi-
ciency of the Indian exchange rates with respect to the adaptive market hypothe-
sis. This paper uses the automatic variance ratio test proposed by Choi [18], in 
which the lag truncation point is chosen by the data-dependent method of An-
drews’ [36], and Belaire-Franch and Contreras tests [21] variance ratio test. 
These tests are completely data-dependent and do not require imposing any as-
sumption on the underlying distribution. We have also used the overlapping and 
non-overlapping moving sub-sample approach to examine the implication of the 
adaptive market hypothesis in Indian exchange rates. 

The remainder of this paper is organized as follows. Section 2 presents the re-
levant literature. Section 3 describes the methodology used. Section 4 describes 
the data and computational procedure. Section 5 reports the empirical results 
and Section 6 concludes with a summary of our main findings.  

2. Literature Review 

There exist numerous studies about the efficient market hypothesis in the for-
eign exchange rates with mixed results. Huizinga [14] and Grilli and Kaminsky 
[15] find evidence against the efficient market hypothesis for exchange rates. Liu 
and He [37] observe the rejection of the efficient market hypothesis for five pairs 
of nominal exchange rates based on the Lo and MacKinlay [16] variance ratio 
tests. Fong et al. [38] test the martingale behavior of exchange rates using joint 
variance ratio tests and find mixed results. Choi [18] tested the weak form effi-
ciency of the US real exchange rates using automatic variance ratio test, spectral 
domain tests and average exponential tests on log-differenced monthly US real 
exchange rates versus some major currencies and finds mixed results. Wright 
[17], Yilmaz [39] and Chang [40] analyze the efficient market hypothesis in five 
exchange rates (Great British pound, Japanese yen, Canadian dollar, Swiss franc 
and Deutschemark) using various variance ratio tests. Chang [40], using daily 
data, finds the evidence of rejection of martingale difference hypothesis for the 
Japanese yen. However, the results for the Great British pound, Canadian dollar, 
Swiss franc and German mark are inconclusive. Belaire-Franch and Opong [41] 
use rank and sign variance ratio tests to examine the behavior of Euro exchange 
rates, with the p-values being adjusted by the Sidack correction and bootstrap 
correction procedure. The results support the rejection of weak form market ef-
ficiency for Euro exchange rates. However, Charles and Darné [42] analyze the 
weak form market efficiency of the same Euro exchanges rates as used by Be-
laire-Franch and Opong [41] and find that the given Euro exchange rates follow 
a random walk. Again, Belaire-Franch and Opong [43] analyze the same Euro 
exchange rates for the period 1999-2008 and the findings are in line with the 
findings of Charles and Darné [42]. 

Another set of studies use spectral tests to capture the weak form market effi-
ciency of the foreign exchange rates. These include the studies by Fong and Ou-
liaris [44], Hong [45], Hong and Lee [46], Kuan and Lee [47], and Escanciano 

 

DOI: 10.4236/tel.2018.89101 1584 Theoretical Economics Letters  
 

https://doi.org/10.4236/tel.2018.89101


D. Kumar 
 

and Velasco [48]. Using spectral test as proposed by Durlauf [25], Fong and Ou-
liaris [44] analyze the same foreign exchange rates as used by Liu and He [37] 
and find the evidence of rejection of the efficient market hypothesis for the Great 
British pound. Hong [45] propose a generalized spectral test that is suitable for 
both linear and nonlinear time series analyses. Hong [45] observe rejection of 
the martingale difference hypothesis for the Deutschemark based on the pro-
posed spectral test. Hong and Lee [46] apply the generalized spectral test on five 
major exchange rates as used by Wright [17] and find evidence of nonlinear de-
pendence in these exchange rates. Kuan and Lee [47] propose a new spectral test 
based on the moment conditions derived by Bierens [5]. Kuan and Lee [47] ap-
ply the newly proposed spectral test on the same exchange rates as used by Hong 
and Lee [46] and obtain nearly similar findings as obtained by Hong and Lee 
[46] with the exception of Great British pound for which the null hypothesis of 
dependence in series is not rejected. Later, Escanciano and Velasco [48] and Es-
canciano and Lobato [49] use the generalized spectral test on the same exchange 
rates and obtain similar findings in confirmation with the findings of Hong and 
Lee [46].  

Many studies in the literature have used the autocorrelation based tests to 
analyze the efficient market hypothesis (Hsieh [12]; Lobato et al. [50]; Horowitz 
et al. [51]; Escanciano and Lobato [49]; and Chortareas et al. [52]). Hsieh [12] 
analyze the statistical properties of the five major currencies (Great British 
pound, Japanese yen, Canadian dollar, Swiss franc and Deutschemark) for the 
period from 1974 to 1983 and reject the null of the efficient market hypothesis 
based on the results from the heteroscedasticity-adjusted Box-Pierce test. Lobato 
et al. [50] propose a modified Box-Pierce test applied it to analyze the depen-
dence structure in the daily returns of the Great British pound, Japanese yen, 
Swiss franc and Deutschemark and do not observe the rejection of the efficient 
market hypothesis for all the given currencies. Using bootstrapped Box-Pierce 
test, Horowitz et al. [51] find no evidence of linear dependence in returns of the 
Great British pound. Moreover, Escanciano and Lobato [49] do not find any 
evidence of linear dependence in the Great British pound, Japanese yen and Ca-
nadian dollar. Using the generalized Andrews-Ploberger autocorrelation tests, 
Chortareas et al. [52] analyze the efficient market hypothesis of various OECD 
exchange rates. The findings indicate that the efficient market hypothesis is not 
rejected for most of the OECD exchange rates. 

Most of these studies analyze the efficient market hypothesis and do not dis-
cuss the implications of the adaptive market hypothesis. In this study, we test the 
martingale hypothesis on the Indian exchange rates relative to the US dollar, 
Euro, GBP and Japanese yen and discuss the implication of the adaptive market 
hypothesis based on non-overlapping and overlapping moving window analysis. 

3. Methodology 
3.1. Martingale Hypothesis 

In the martingale model, the next period price is expected to be the same as the 
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current price. Suppose xt+1 represents the next period exchange rate and for xt+1 
to follow a martingale process:  

( )1 1t t t tE x x+ + Ω =                         (1) 

where tΩ  is the information set with up to time t and it also includes xt. The 
martingale process also implies that xt+1 – xt is a fair game, that is, 

( )( )1 1 0t t t tE x x+ + − Ω =                      (2) 

3.2. Automatic Variance Ratio Test 

Suppose Pt is an asset price at time t, where 1, ,t T=  , and xt be ln(Pt) as the 
natural log of the price series. Hence the first order autoregressive model is given 
as: 

1t t ty yµ ε−= +∅ +  

where µ  is an arbitrary drift parameter and tε  is the random disturbance 
term. The random walk hypothesis (RWH) corresponds to 1∅ =  in Equation 
(1) and implies that the variance of the log price increments is linear in the ob-
servation interval, as shown by Lo-MacKinlay [16]. It plays a very important role 
in testing weak form market efficiency. The variance ratio test exploits the prop-
erty that, if a series of asset return is purely random, then the variance of 
k-period return (k-period differences of yt) is k times the variance of one-period 
return. Choi [18] proposes variance ratio test based on the frequency domain 
which uses a data-dependent procedure to estimate the optimal value of k. Choi 
[18] also employs the Quadratic Spectral kernel to estimate variance ratio. The 
Choi’s variance ratio estimator is defined as 

( ) ( ) ( )
1

1

ˆ1 2
T

i
VR k m i k iρ

−

=

= + ∑                    (3) 

where 

( ) ( )( )
( )

1
2

1

ˆ ˆ
ˆ

ˆ

T
t t it
T

tt

y y
i

y

µ µ
ρ

µ
+=

=

− −
=

−

∑
∑

 

and  
1

1
1

1ˆ and
T

t t t t
i

y y x x
T

µ
−

−
=

= = −∑  

and  

( ) 2 2

6πsin
25 6π5 cos6π 512π

5

r
rm r rr

  
     = −    

  

 

where m(r) is the quadratic spectral kernel. Choi [18] has stated that VR(k) is a 
consistent estimator of 2πfy(0), where fx(.) denotes the normalized spectral den-
sity of the time series {xt}. Choi [18] has also stated that under the null hypothe-
sis (H0: 2πfy(0) = 1) the AVR(k) statistic defined as 
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as , ,k T T k→∞ →∞ →∞ . This variance ratio test is a two-sided test, and its 
critical values are taken from both the tails of the standard normal distribution. 
The AVR(k) result holds when yt is IID with a finite fourth moment.  

3.3. Belaire-Franch and Contreras Tests [21] 

Using signs and ranks, Wright [17] provides the non-parametric variance ratio tests 
to test the martingale hypothesis. Wright [17] finds that rank-based tests show low  
size distortion, under conditional heteroscedasticity. Suppose { }1, , Ty y  be the 
return series, then ranks R1 and R2 are defined as: 
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The tests based on signs of martingale sequence are given as 
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Belaire-Franch and Contreras [21] substitute the standard variance ratio tests 
by Wright’s ranks and signs-based tests. The statistics are defined as: 
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The rank-based procedures are exact under the i.i.d. assumption whereas the 
signs-based procedures are exact under both the i.i.d. and martingale difference 
sequence assumptions. Belaire-Franch and Contreras [21] showed that the  
rank-based tests ( )1RCD  and ( )2RCD  are more powerful than their signs-based 

counterparts. In this paper, we only report the results based on the rank-based 
tests. 

4. Data and Preliminary Analysis 
4.1. Dataset 

We use daily closing levels of the Indian exchange rates relative to US dollar, 
Great British Pound, Euro and Japanese yen. All the data have been obtained 
from the Bloomberg database. The period of study is from January 1999 to No-
vember 2017. 

4.2. Descriptive Statistics 

Table 1 provides the descriptive statistics of the Indian nominal exchange rate 
returns under study. The average return is positive for all the exchange rates ex-
cept for the case of Japanese yen. Moreover, the Japanese yen exchange rate 
seems to be highly volatile and the US dollar exchange rate is the least volatile. 
The Jarque-Bera statistic confirms the significant non-normality in the exchange 
rates except for the Euro. The ARCH-LM test supports the presence of condi-
tional heteroskedasticity in the return series. The Ljung Box statistic up to 20 
lags supports the evidence of a violation of the random walk hypothesis for the 
USD and Japanese yen. 

5. Empirical Results 

We first start with the whole sample analysis to validate the martingale hypothe-
sis in the nominal Indian exchange rates relative to the US dollar, GBP, Euro and 
Japanese yen. Next, we examine the evolution of the efficiency characteristics of 
the Indian exchange rates using annual non-overlapping moving window ap-
proach. Finally, we examine the evolution of efficiency characteristics of the In-
dian exchange rates using overlapping moving window approach. The moving 
window approach also helps us to examine the validity of the Adaptive Market 
Hypothesis (AMH) in which the degree of market efficiency varies with time 
depending on the market conditions. 

5.1. Whole Sample Analysis 

Table 2 reports the whole sample results of automatic variance ratio (AVR) test 
and rank based Belaire-Franch and Contreras [21] tests. To compute the auto-
matic variance ratio test statistics, we utilize the BIC (maximum lag for BIC is set 
to 20) selection criteria to choose an approximating AR model as explained in 
the Methodology section. We then estimate an optimal truncation point using 
Andrews [36] methodology to compute the automatic variance ratio test statistic. 
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Table 1. Descriptive statistics. 

 
USD GBP Euro Yen 

Mean 0.009 0.004 0.009 −0.009 

Median 0.000 0.013 0.009 0.004 

Min −3.294 −7.243 −3.854 −4.965 

Max 3.904 4.806 3.938 5.141 

Stdev 0.388 0.623 0.650 0.797 

Skewness 0.257 −0.453 0.026 −0.199 

Kurtosis 12.844 10.120 5.286 7.166 

JB test 19157.191# 10156.462# 1031.329# 3452.672# 

Q(20) 84.660# 22.682 27.611 39.663# 

ARCH(10) 1068.159# 398.665# 335.395# 408.701# 

# means significant at 1% level of significance. Note that Stdev represents the standard deviation, JB stat 
represents the Jarque Bera statistic, Q(20) indicates the Ljung-Box Q statistic up to 20 lags and ARCH(10) 
indicates the Lagrange multiplier test for conditional heteroskedasticity up to 10 lags. 
 
Table 2. Automatic variance ratio test and Belaire-Franch and Contreras rank-based 
tests: Whole sample analysis. 

 
USD/INR GBP/INR Euro/INR INR/JPY 

AVR statistic 0.607 −0.147 −0.011 −1.803† 

AVR p-value 0.590 0.830 0.967 0.083 

( )1RCD  statistic 3.069* 1.424 1.094 2.755* 

( )1RCD  Critical Value (5%) 2.195 2.195 2.195 2.195 

( )2RCD  statistic 3.516* 1.200 0.868 2.772* 

( )2RCD  Critical Value (5%) 2.292 2.292 2.292 2.292 

* and † mean significant at 5% and 1% levels of significance, respectively. 

 
The results based on the AVR test indicate that the null of the no serial correla-
tion is rejected at the 10% level of significance only for the Indian exchange rate 
relative to Japanese yen. For the rest of the exchange rates, the null hypothesis of 
the no serial correlation is not violated based on the AVR test al conventional 
levels of significance. However, based on the Belaire-Franch and Contreras [21]  
rank-based tests (both ( )1RCD  and ( )2RCD ), the Indian exchange rates relative 

to the US dollar and Japanese yen exhibit characteristics of inefficiency at 5%  
level of significance. Overall, the results based on the whole sample analysis pro-
vide weak evidence of market inefficiency in the Indian exchange rates relative 
to the US dollar and Japanese yen. We do not find any evidence of violation of 
the martingale hypothesis in the Indian exchange rates relative to GBP and Euro. 

5.2. Non-Overlapping Moving Window Analysis 

Figure 1(a) to Figure 1(c) report the results of non-overlapping moving window 
analysis based on the AVR test and Belaire-Franch and Contreras [21] rank-based 
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tests. We plot p-values for the AVR test. However, we plot ( )1RCD  and ( )2RCD   

statistic for the Belaire-Franch and Contreras [21] rank based tests. For the AVR 
test, when the p-values are less than 10% and 5%, the martingale hypothesis is 
rejected at 10% and 5% levels of significance respectively. The critical value for  
the ( )1RCD  are 1.943 and 2.259 at 10% and 5% levels of significance respectively. 

The critical value for the ( )2RCD  are 1.968 and 2.239 at 10% and 5% levels of 

significance respectively. When the ( )1RCD  and ( )2RCD  statistics exceed the  

respective critical values, the martingale hypothesis is rejected at that level of 
significance. The results clearly indicate that the market efficiency in the Indian 
exchange rates does not remain constant and exhibit dynamic behavior. The US 
dollar exhibits violation of the martingale hypothesis in year 2000 based on all 
three tests. We also observe the presence of market inefficiency in the US dollar 
in 2005 based on both Belaire-Franch and Contreras [21] rank based tests. In 
 

 
(a) 

 
(b) 
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(c) 

Figure 1. (a) Time-varying p-values based on AVR test (non-overlapping window 
analysis): The moving window size is equal to the number of days in the given year. The 
p-value less than 10% and 5% represent the rejection of martingale hypothesis at 10% and 
5% levels of significance respectively; (b) Time-varying ( )1RCD  statistic 

(non-overlapping window analysis): The moving window size is equal to the number of 
days in the given year. If the value of the ( )1RCD  statistic is greater than 1.943 and 2.259, 

then the ( )1RCD  statistic is statistically significant at 10% and 5% levels of significance 

respectively; (c) Time-varying ( )2RCD  statistic (non-overlapping window analysis): The 

moving window size is equal to the number of days in the given year. If the value of the 

( )1RCD  statistic is greater than 1.968 and 2.239, then the ( )2RCD  statistic is statistically 

significant at 10% and 5% levels of significance respectively. 
 
case of GBP, we find evidence of violation of the martingale hypothesis in years 
2003, 2007 and 2012 based on all the three tests under study. In addition to this, 
the Belaire-Franch and Contreras [21] rank based tests provide evidence of inef-
ficiency in GBP in years 2005 and 2016. This indicates that even though GBP is 
informationally efficient in the whole sample, its efficiency characteristics vary 
dynamically over the study period which supports the validity of the adaptive 
market hypothesis. For Euro, the martingale hypothesis is rejected in years 2004, 
2008 and 2014 based on all the three tests. The Belaire-Franch and Contreras [21] 
rank based tests also provide evidence of rejection of martingale hypothesis in 
2003 for Euro. For the Japanese yen, all three tests exhibit violation of martingale 
hypothesis in years 2005, 2006 and 2007. Overall, the evolution of market effi-
ciency across all Indian exchange rates is clearly visible based on the 
non-overlapping rolling window analysis. The rejection of the martingale hypo-
thesis during 2003-2005 in the Indian exchange rates can be related to increase 
in domestic inflation and increase in commodity prices. Moreover, we observe 
violation of martingale hypothesis for nearly all exchange rates except for GBP 
during the period of sub-prime crisis. We also observe the evidence of return 
predictability in Indian exchange rate relative to Euro during the European so-
vereign debt crisis. 
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5.3. Overlapping Moving Window Analysis 

Figure 2(a) to Figure 2(c) report the results of the overlapping moving window 
analysis based on the AVR test and Belaire-Franch and Contreras [21] 
rank-based tests for all the exchange rates under study. The size of the rolling 
window is taken as 1000 which is equivalent to approximately 4 years of daily 
data. The selected window size is large enough to take care of any deficiencies 
 

 
(a) 

 
(b) 
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(c) 

Figure 2. (a) Time-varying p-values based on AVR test (overlapping window analysis): 
The size of the rolling window is taken as 1000 which is equivalent to approximately 4 
years of daily data. The p-value less than 10% and 5% represent the rejection of 
martingale hypothesis at 10% and 5% levels of significance respectively; (b) Time-varying 

( )1RCD  statistic (overlapping window analysis): The size of the rolling window is taken as 

1000 which is equivalent to approximately 4 years of daily data. If the value of the ( )1RCD  

statistic is greater than 2.0017 and 2.2951, then the ( )1RCD  statistic is statistically 

significant at 10% and 5% levels of significance respectively; (c) Time-varying ( )2RCD  

statistic (overlapping window analysis): The size of the rolling window is taken as 1000 
which is equivalent to approximately 4 years of daily data. If the value of the ( )1RCD  

statistic is greater than 2.0229 and 2.3691, then the ( )2RCD  statistic is statistically 

significant at 10% and 5% levels of significance respectively. 
 
due to possible small sample size for the tests under study. We plot p-values for the  
AVR test. However, we plot ( )1RCD  and ( )2RCD  statistic for the Belaire-Franch 

and Contreras [21] rank based tests. For the AVR test, when the p-values are less 
than 10% and 5%, the martingale hypothesis is rejected at 10% and 5% levels of  
significance respectively. The critical value for the ( )1RCD  are 2.0017 and 2.2951 

at 10% and 5% levels of significance respectively. The critical value for the 

( )2RCD  are 2.0229 and 2.3691 at 10% and 5% levels of significance respectively. 

When the ( )1RCD  and ( )2RCD  statistics exceed the respective critical values,  

the martingale hypothesis is rejected at that level of significance. Through this, 
we can identify the periods when the return predictability is statistically signifi-
cant in Indian exchange rates and can relate them with various macroeconomic, 
financial and political events. 
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The US dollar displays a departure from the martingale hypothesis for some 
period of 2004, during the sub-prime crisis (2008-09) and during the European 
sovereign debt crisis (2011) based on the AVR test and Belaire-Franch and Con-
treras [21] rank-based tests. Based on the Belaire-Franch and Contreras [21] 
rank-based tests, we also observe a violation of martingale hypothesis during 
2003 and 2006.  

We find evidence of return predictability in GBP during 2004-2008, 2010-11 
and for some period in 2012 based on the AVR test and Belaire-Franch and 
Contreras [21] rank-based tests. However, we also observe the violation of mar-
tingale hypothesis in GBP during 2015-16 based on the Belaire-Franch and Con-
treras [21] rank-based tests.  

For Euro, we observe the rejection of the martingale hypothesis during 
2003-2008, for some periods in 2009-10, 2013 and 2015 based on the AVR test. 
However, based on the Belaire-Franch and Contreras [21] rank-based tests, we 
observe rejection of martingale hypothesis during 2003-04, 2008-10 and 2013-15. 

For Japanese yen, the null hypothesis of no return predictability is rejected for 
a period from 2002 to 2008 based on the AVR test and Belaire-Franch and Con-
treras [21] rank-based tests. We also observe rejection of the martingale hypo-
thesis based on the 10% level of significance during 2012 and 2017 based on the  

( )2RCD  test statistic. 

The violation of the martingale hypothesis during 2002-2004 can be related to 
the increase in commodity prices and domestic inflation. The evidence of return 
predictability around 2008 can be related to the turbulence in the market due to 
the impact of the global financial crisis. This change in behavioral characteristics 
of the Indian exchange rates during the global financial crisis can be attributed 
to the central bank and government intervention. Moreover, the rejection of 
martingale hypothesis during 2012-2016 can be attributed to the impact of Eu-
ropean sovereign debt crisis and decline in the crude oil prices. Overall, the 
findings indicate that all the Indian exchange rates exhibit deviation from the 
martingale behavior in a number of periods which can be related to various ma-
croeconomic events. This indicates that the Indian exchange rates exhibit 
time-varying efficiency characteristics and exhibit inefficient behavior during 
the periods of major macroeconomic events. These time-varying non-martingale 
periods which indicate the periods of predictability of returns are consistent with 
the validity and implication of the Adaptive Market Hypothesis in the Indian 
exchange rates. 

5.4. Policy Implication 

This analysis is important because inefficiency in market behavior leads traders, 
fund managers and portfolio managers to develop profitable trading strategies to 
take out an extraordinary gain. Moreover, the efficiency characteristics of a 
market influence its regulatory framework and market development. The 
time-varying efficiency characteristics of the market can help the regulators and 
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policymakers to incorporate financial innovations and economic development 
based on the changing efficiency of the market. 

6. Conclusion 

The study examines the evolution of market efficiency in Indian exchange rates 
relative to the US dollar, GBP, Euro and Japanese yen using daily data. We use 
the automatic variance ratio test and Belaire-Franch and Contreras [21] 
rank-based tests to achieve the goals. We also evaluate the return predictability 
in the Indian exchange rates based on whole sample analysis. Our findings pro-
vide evidence in support of violation of the martingale hypothesis of Indian ex-
change rates relative to the US dollar and Japanese yen for the whole sample pe-
riod. We use overlapping and non-overlapping moving subsample approach to 
examine the evolution of market efficiency and to test the validity of the adaptive 
market hypothesis in the Indian exchange rates. This also helps us to analyze the 
sensitivity of results to a particular sample period. Our findings based on moving 
sub-sample approach highlight the unpredictable behavior of the Indian ex-
change rates for most of the times, however, around major macroeconomic 
events, we observe episodes of the inefficient behavior of the Indian exchange 
rates. This can be related to the fact that during the periods of crashes and crisis, 
the economy is under the impact of liquidity crisis, financial panic and chaotic 
market conditions, which may lead to expected non-linear dynamics in markets 
and hence results in episodes of inefficiency. This suggests that the efficiency 
characteristics of returns in Indian exchange rates do not remain constant and 
are influenced by changing market conditions, which is consistent with the va-
lidity of the adaptive market hypothesis. This also indicates that based on the 
changing market conditions, the trader can design and implement appropriate 
trading strategies to take out extra-ordinary gain. The findings also indicate that 
the profitable opportunities through trading in the Indian exchange rate market 
are episodic in nature. The current study lacks the implementation of the eco-
nomic significance of the inefficient behavior of the Indian exchange rates. Fur-
ther research can be conducted to explore the economic significance of ineffi-
cient behavior of the Indian exchange rates. 
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