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Abstract 
In India, market efficiency theories are widely studied in the stock market and less widely 
researched market is the foreign exchange (forex) market. The Indian forex market has 
undergone many changes like FEMA 1999, formation of CCIL in 2001, current account 
convertibility, liberalisation of capital account. In this study, we test the random walk 
hypothesis for a period of five years from 01-04-2009 to 31-03-2014 taking the daily RBI 
reference rates of INR/USD. We use regression technique, normality test, autocorrelation, 
ADF test, PP test and Run test and more significantly Variance ratio test. Further, we use AR 
(p) model to examine the presence of day of the week effect in the Indian forex market. 
Based on the results of the above tests, we conclude that forex market is weak form 
inefficient in the short run and weak form efficient in the long run.  We also conclude that 
there is Tuesday and Thursday effect in the forex market.  The findings of this paper indicate 
the signs of market inefficiency even in the weak form.  Therefore, regulators need to take 
note of these findings and initiate policy measures to eliminate day of the week effect. 
 
Key words: Market efficiency, Random walk hypothesis, Forex market, Variance ratio test, 
Seasonality. 
JEL classification: F31, G14, O31. 

 
1. Introduction 
The prices of the securities haveto discount the available information and also they have to 
reflect the fundamental value of the security. This concern is much needed therefore; 
exchanges and regulators initiated many measures to enhance market participants’ 
information accessibility to reduce information asymmetry. This causes prices to be 
independent from the past prices and dependent on upcoming information (Copeland, 2005). 
This could leads to random walk and shrinks the predictability of the future prices to earn the 
excessive returns in the market. Outset, this characteristic was famed as “efficient market” by 
Fama (1965, 1970). He classified the market efficiency based on the randomness, public and 
private information content as weak-form, semi-strong, and strong form of efficiency. The 
weak form of efficiency also called random walk implies that prices moves independently 
and changes according to new information flow in the market. Further, the reflection of 
publicly available information in the prices makes market to semi strong form and reflection 
of both private and publicly available information in the prices makes market to strong form 
efficient. The strong form efficiency implied all three form of efficiency. Copeland (2005) 
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empirically showed that an efficient market price reflects the information available in the 
markets and also prices adjust based on new information. 
In India financial market has experienced major economic and structural reforms after 1991. 
Many structural reforms like new regulations, new techniques and process of current account 
convertibility have taken place in the financial market. These measures can influences on 
prices and market quality (Mallikarjunappa and Harish, 2013). Thus, the efficiency of Indian 
stock market has tested by many earlier researchers, For instance, Poshakwale (1996) Gupta 
and Basu (2007) explored the weak form of efficiency of major two Indian financial markets- 
BSE and NSE by using run test and variance test. They found that both BSE and NSE are 
weak form inefficient and they rejected the random walk hypothesis for both the markets. 
Madhusoodanan (1998) studied the efficiency of BSE by using monthly data from 1981 to 
1992 by using variance test ratio model. He found that BSE is inefficient in weak form.  
Khan and Ikram (2012) studied the market efficiency around the Mergers and Acquisitions 
(M&A’s) in the Indian market with help of event study. They found that Indian stock market 
is efficient in semi strong form and investors inept to earn the abnormal returns around 
M&A’s.  
On the other hand, Indian foreign exchange (forex) market also experienced lot of economic 
reforms in early nineties and RBI taken several measures to increase the efficiency of forex 
market. The foreign exchange rates influences, import and exports, balance of payments, 
foreign affair policies, balance of payments, stock market returns, inflation and macro-
economic activities. Inefficient currency prices directly lead to excessive volatility, exchange 
rate risk, increases the arbitrage opportunities and improper allocation of wealth. This could 
indirectly affect the countries Industrial growth and creates panic in the environment. Hence, 
the determination of efficient forex rate at given time is very important to the government and 
also to companies which are operated in offshore markets. Though, the studies on Indian 
forex market efficient are not much evidenced in the literature.  
Earlier, Indian forex market is highly controlled market till 1990. After economic 
liberalisation, in 1992 forex market adopted partially floated exchange rate system. Then, 
forex market moved to market determined exchange rate (fully floated) at 1993.This initiative 
is based on advice of Dr. Rangaranan chairman of balance of payments committee. Indeed, 
the important measures towards current account convertibility have started on 1994. These 
market reforms concentrated on development of the economy and also help to maintain the 
stability of the forex market Reddy (2002). EPW Research Foundation (2007) stated that 
establishment of Clearing Corporation of India Limited (CCIL) by the Reserve Bank of India 
enhanced the efficiency of settlement process and tries to reduce the risk by adopting 
innovative techniques and technology. Mohan (2005) stated that Indian forex market reform 
measures are prominent compare to other emerging economies of different countries. 
Subsequently he concluded that India has successfully transformed the forex markets, close 
(restrictive) form to open (market determined exchange rate) market. Largely, the banks are 
the primary dealers are accessible to intraday activates of forex market. However, there are 
restrictions to the individuals to trade in Indian forex market under FEMA (1999).  This 
market is still curious, however not accessible to general public. Meantime, literature 
evidences that lack of studies on the Indian forex market efficiency compare to stock market. 
These factors motivate us to undertake investigation on the weak form efficiency of forex 
market. We applied ADF test, Run test, Autocorrelation test, and more importantly Variance 
ratio test on five years of USD/IND exchange rates to examine the weak form efficiency of 
the forex market. The USD/INR is the prominent currency pair largely contributed towards 
international transactions and also on balance of payments. 
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The paper ordered as follows. The next section reviews existing literature of Indian financial 
markets efficiency. Section 3 describes the data and methodology and section 4 presents the 
empirical results. Finally, section 5 concludes the paper.  
 
2. Review of Literature  
The validity of the efficient market hypothesis is being debated in different financial markets. 
From four decades research on weak form of efficiency produced mixed results based on 
different markets and structures. Probably, development, information dissemination and 
market anomalies influence to produce mixed results. Fama (1991) observed the existing 
literature on the market efficiency and pointed out that studies are well developed to explain 
the market efficiency of different market. In addition, he pointed out that importance of 
analysis of the expected returns in relation to investment and savings and consumption. This  
Bollerslev (1989) explored the long-standing relationship between different currencies by 
using co-integration test. He pointed out that co-integration test helps to predict the future 
prices and trending process of currency pairs. Baillie, MacDonald and Taylor (1989) 
investigated the forex market efficiency by using co-integration tests. They used data from 
1973 to 1985 for ten bilateral dollar currencies. They did not find the co-integration in the 
forex markets.   MacDonald and Taylor (1989) tested market efficiency by using co-
integration tests on 10 pairs of currencies for the years 1973 to 1985. They found that forex 
market to be efficient in the weak form. Likewise, Coleman (1990) also used co-integration 
tests to measure the efficiency of forex market of 18 foreign currencies. He did not find the 
co-integration between different currency pairs and therefore; he pointed out that market is 
efficient.  
Pilbeam (1992) argued that inefficiency in the market needs policy measures by the regulator 
and the government. Chang and Ting (2000) tested the weak form efficiency of Taiwan stock 
exchange for weekly, monthly, quarterly and yearly series of value-weighted market index by 
using variance ratio tests. They found that only weekly series of value-weighted market index 
do not follow random walk and the remaining indices follow the random walk. Boulter 
(2007) pointed out that adjustment of macro-economic news in the prices in developed forex 
markets is very fast. Kan and O’Callaghan (2007) studied the efficiency of Asian and 
Australasian forex markets suing more than seven years data and applied VAR model and co-
integration tests in their study. Based on the results they reported that forex markets are 
efficient. Mishra and Paul (2008) investigated the efficiency using the prices of Indian stock 
exchanges and Indian forex market. They found that both stock and forex markets are 
efficient. Noman and Ahmed (2008) tested the SAARC countries’ forex market efficiency. 
They found random walk in the return series for all the SAARC countries. Serbinenko and 
Rachev (2009) studied the market liquidity, efficiency and volatility of the spot forex market. 
They found weak form efficiency in the forex market and stated that only fundamental 
analysis helps investors to earn the profits as a result day trades could not make profits by 
using technical analysis. In addition, they pointed out that liquidity of the forex market is 
independent and found the increased volatility in the first and last 30 minutes of the trading 
day for entire study period. 
However, Hakkio and Rush (1989) analysed the market efficiency of sterling Deutsche-mark 
pair. Based on the co-integration results they argued that sterling Deutsche-mark currency 
market is inefficient and do not follow random walk. Chaudhuri (1991) examined the weak 
form efficiency of Indian stock market by using 93 stocks from 1988 to 1990. HE pointed out 
that 25% of today’s price change is influenced by yesterday’s price. This study supports the 
usage of technical analysis to predict the prices. Masih and Masih (1996) and Los (1999) 
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studied the weak form efficiency of the different capital markets. They found contradictory 
results between different markets and periods. Rangvidand and Sorensen (2002) used 
recursive and rolling co-integration method to examine the convergence of exchange rates. 
They found that co-integration was changing in the study period and they also found that 
establishment of European Monetary Union influenced the forex market to become efficient. 
Wickremasinghe (2005) examined the efficiency of Sri Lanka’s forex market by using six 
exchange rates. He concluded that Sri Lankan forex market is weak form efficient and 
inefficient in the semi strong form. Giannellis and Papadopoulos (2009) examined the forex 
market efficiency of developing countries by using Logistic Smooth Transition 
Autoregressive (LSTAR) model (based on equilibrium rate context). They concluded that 
Poland and Euro currency pair market was efficient, the Czech and Euro currency pair was 
inefficient and Slovak and Euro currency pair was partially efficient. Kumar (2011) used the 
variance family models to test the weak form efficiency of Indian forex market. He used 
Nominal Effective Exchange Rate (NEER) monthly data from 1993 to 2003. He found that 
the Indian forex market is weak form inefficient. Abounoori, Shahrazi and Rasekhi (2012) 
tested the market efficiency by using Detrended fluctuation analysis (DFA) methodology on 
Iranian Rial and US Dollar market. They found the weak form inefficiency in the market for 
whole study period. They also observed the change in level of inefficiency of the market. 
They pointed out that past data could be used to predict the future prices. 
The above research findings show that while some studies have concluded that the forex 
markets are efficient and others have found that market efficiency differs from market to 
market and period to period. The Indian economy is an emerging and the Indian forex market 
has also successfully adopted the new regimes and growing with good volume and depth 
(Reddy 2005). These factors motivated us to test the weak form efficiency of forex market in 
India on USD/INR currency pair.   
 
3. Data and Methodology 
We use the USD-INR daily reference rates published by RBI on daily basis. The RBI 
monitors and evaluates the reference rate constituent process to provide compatible reference 
rates with actual market movements. This indorses us to use reference rates for the study of 
Indian forex market weak form efficiency. We use data from April 1st 2009 to March 31 
2014. This period is the recovery period of sub-prime crisis. This period evidenced highly 
depreciated rupee value and Indian forex market faced a lot of pressure from the 
macroeconomic factors. Therefore, we investigate the forex market efficiency using one of 
the widely traded pairs in the Indian forex market, USD/INR. According to Brooks (2008) to 
prove the weak form efficiency of the market, the original prices series or natural log returns 
of the price series should essentially follow random walk or random walk with drift.  Thus, 
we consider natural log returns of USD/INR currency pair to study Indian forex market. We 
use normality test, autocorrelation test with LJung-Box Q statistics, ADF test, Unit root test, 
Run test and more significantly Lo and MacKinlay’s variance ratio tests to examine the weak 
form efficiency of the market. A brief discussion about these tests is given below.  
 
Augmented Dickey-Fuller Test (ADF test)  
This is the parametric augmented Dickey-Fuller test is used to examine the stationarity of the 
forex time series. If the series are stationary, then there is no unit root and series does not 
follow random walk. Notably, ADF does not follow t-distribution principle thus, ADF 
statistic skewed to left hand side. Therefore, we formed hypothesis has - 
The null hypothesis is Ω =0 (means series contains unit root) 
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The alternative hypothesis is Ω < 0 (series doesn’t contain unit root) 
To perform the ADF test, used estimation equation is  
훥푍 = 푎 + 훽 푡 + 훀	푧 + ∑ ∞ ∆푍 + 푒 ………………………….. (1) 
Where 푒 is an error term and훥푍 = (푍 − 푍 )………………... (2) 
 
Runs test 
This test is also called as Wald–Wolfowitz test. This is test is formulated to test the 
independence characteristics of the series. This is observed by the number of positive and 
negative runs obtained from the series. The span of increase or decrease continuously is 
single run.  The expectation of the run test is that two different types of sequence drawn from 
the sample are independent and does not influence on each other. Therefore null hypothesis is 
of expected runs are same as observed runs, it denotes that series are random and sequence 
independency is accepted. In the study period USD/INR currency prices deviates more from 
the mean value, for instance price ranges from 43.95 to 68.36. This leads to reduce the 
number of sequence in the run test. To encounter this, our study classified the entire data set 
in to five sets according to financial year basis. This helps fit the run test to the high volatility 
data set like forex time series.  
In each data set includes more than 200 observations, therefore we use large sample run 
testmodel specification is  
퐸(푅) = 1 + ∗ 	∗   .............................. (3) 
Runs of variance calculated by using  
휎 = ∗ 	∗ ∗( ∗ 	∗ )

( )∗
       ……………..  (4)               (Where,	푛 = 푛 	 + 푛 ) 

Where 퐸(푅)represents expected number of runs of the series and푛 	푎푛푑	푛 represents total 
number of two different types of sequence includes negative and positive sequence 
respectively.(Numerically, denoted as binary number Zero or One)  
Then we calculated test statistic Z with normality assumption  
푍 = ( )   …………………………… (5) 
Here, R represents observed runs. If the probability of getting R is not statistically supports 
by the expected runs, it signals the series are independent and observations moves randomly 
in the series.  
 
Autocorrelation Test 
The autocorrelation relies on self-dependence of the variables, means past values influence 
on the future values. In financial time series, the observations dependency on the time 
ordered manner can be measurable by autocorrelation function. If auto-correlation exists it 
shows the serial dependence and also some level of persistency in the occurrences of events 
in the forex series. It shows the forex series are not random and predictability is possible by 
the past observations.  To measure the auto-correlation we use  
푟 = ∑ ( )( )

∑ ( )
  ………………….. (6) 

Where,푋 representsample mean of 푋 series. Autocorrelation coefficient for a lag of k time 
units and t is the number of observations. R is the autocorrelation coefficient needs to be zero 
to show the independency of the series. It indicates observations in the series are not 
dependent on the past observations.  
The standard error of the 푟 i.e., SE(푟 ) is calculated by 
푆퐸(푟 ) = 	

√
                                           ...…………….(7) 
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Ljung- Box Q-statistics is estimated by 

푄 = 푇(푇 + 2)∑ ………………..(8) 

Here, 푟 is sample autocorrelation at lag j, k is numbers of lags to be tested and T represents 
number of observations. The null hypothesis is 퐻 =the data is independently distributed. 
Symbolically,퐻 푟 = 푟 … . . = 푟 = 0 assumption is that level of freedom is same where Q 
asymptotically follows the chi square (ᵡ )distribution. 
 
Variance Ratio tests(Lo and MacKinlay, 1988, 1989) 
This Lo and MacKinlay variance ratio test used to examine the martingale property of the 
forex price series differentiated at level one. This test formulated based on increased variance 
is linear to the sampling interval in the random walk process; this true when the log returns of 
the forex prices follows random walk. This leads to return variance in the sample to be 
proportional to the return horizon. We estimated variance ratio test by using assumptions of 
Lo and MacKinlay (1988) and by following Chow and Denning (1993). The VR model for n- 
period investment horizon is denoted as  
푉푅(푛) = 푣푎푟	( )/푛 푣푎푟( )  ………………………….. (9) 

Here,  푌  is 푡 	 period currency price, and 푣푎푟 /푛  is the balanced variance 

estimator. 푉푅(푛)needs to be one to show the series random walk property in the investment 
horizon at period n.  
 To simplify equation (9) 
푣푎푟	 = ∑ (푙푛푌 − 푙푛푌 − 푛휇̂)…………………..(10) 

푣푎푟( ) = 	
( )

∑ (푙푛푌 − 푙푛푌 − 휇̂)     ………………….(11) 
Where,  
푣 = (푥푛 − 푛 + 1) 1 − (	푤푖푡ℎ	푑푟푖푓푡)…………………. (12) 

휇̂ = ∑ (ln푌 − 푙푛푌 ) 	= 	 	(푙푛푌 − 푙푛푌 )     ………………. (13) 
In practice, forex price series experiences high volatility, therefore we test random walk 
hypothesis under fairly conditional heteroskedastic condition. This nature called as 
martingale null, and to test this, we formulated hypothesis as forex series has martingale.  
Lo and MacKinlay’s VR z-test statistic is  
푧(푛) = [푣푎푟(푛) − 1]/ ℎ(푛)

/
  ………………….. (14) 

Where,  

ℎ(푛) = ∑ ( ) 훿 (푗) (This is according to assumptions of kernel estimator)                                                                       
…………………… (15) 
훿(푗) = 	 ∑ (푙푛푌 푙푛푌 − 휇̂) (푙푛푌 − 푙푛푌 − 휇̂) ÷ [∑ (푙푛푌 푙푛푌 − 휇̂) ]  
……………. (16) 
Variance ratio test is more reliable to the finite samples cases compare to Dickey-Fuller and 
Box-Pierce tests. Meantime, Richardson and Smith (1991) and Faust (1992) showed that VR 
test statistic provides best results compare to mean reversion model and other alternative 
models fortesting of random walk.  
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Seasonality test 
We use extended AR (p) model with Autoregressive Conditional Heteroscedasticity 
specifications to deal time varying variance. We estimate AR (p) model with dummies (week 
days) to explore the day effect in the currency pair USD/INR. The basic autoregressive model 
showed that only second lag of the return series influence on the future returns. This suggests 
to adopt AR (1) model with dummies to test the day effect (seasonality) and to estimate short 
run volatility for the USD-INR. The model specification is 

푅 , = ∅푅 + 훿 퐷 + 푒  

Where, 푅 ,  is the log return of currency (c) at day (t) and 푅  represents lagged returns of 
퐽 period.The퐷	denotes dummy variables for the (w) week days. ∅	푎푛푑	훿 are the coefficients 
of lagged returns and dummy variables respectively. 
 
4. Empirical Results.  
4.1 Normality test 
The literature suggests that normal distribution of the price or return series implies the 
random walk nature of the series. We use the summary statistics to test the normality 
assumption of both price and return series.  

 
Table 1 – Summary Statistics 

  USD LRI 
 Mean 51.37624 0.000121 
 Median 49.424 6.27E-05 
 Maximum 68.3611 0.0402 
 Minimum 43.9485 -0.02825 
 Std. Dev. 6.032184 0.006023 
 Skewness 0.622781 0.227281 
 Kurtosis 2.16373 6.500072 
Jarque-Bera 116.196 642.5805 
 Probability 0.0000 0.0000 
 Sum 63655.17 0.149756 
 Sum Sq. Dev. 45047.41 0.044879 
 Observations 1239 1238 

 
We expect skewness and kurtosis need to be zero and three respectively to signify normal 
distribution of the USD-INR series. However, result shows positive skewness of 0.622781 
and 0.227281 for price and return series respectively. It suggests that curve has long right tail 
distribution; it could signals that forex series offered positive returns in the study period. The 
value of Kurtosis for price series is 2.16373 and return series is 6.500072.  Therefore, the rate 
and returns exhibit platykurtic and leptokurtic property, respectively. It means both skewness 
and Kurtosis values are far from the normal distribution properties. We use Jarque-Bera test 
statistics to test the null hypothesis that price series are normally distributed. The p-value in 
the table 1 for Jarque - Bera statistics is significant. It signals the rejection of the null 
hypothesis under 1% level of significance for both price and return series. The normality test 
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result shows that forex series are not normally distributed; it means series does not follow 
random walk hypothesis.  
 
4.2 Augmented Dickey-Fuller Test (ADF test)  
The ADF test is one of the traditional tests used to test the randomness of the series. The null 
hypothesis of ADF test is a series contains unit root. The ADF test results shown bellow 
 

Table 2 - ADF test results 
t-Statistic P- Value Critical values 

-0.8225 
 

0.8119 
 

-3.4355* 
-2.8637** 
-2.56797*** 

 
Note: * indicates 1% level, ** indicates 5% level and *** indicates 10% level of significance 
The table 2 shows that ADF test statistic value is -0.8225 at maximum lag length 22. The 
calculated t-valuefalls in the acceptance region at 1%, 5% and 10% level of significance. 
Further, probability value of 0.8119 is greater than 0.01, 0.05 and 0.10 which shows that we 
cannot reject the null hypothesis.  The acceptance of the null hypothesis leads to the 
conclusions that the observed series is random. 
 
4.3 Runs test  
In Runs test, we test whether the number of positive and negative runs is equal.  The null 
hypothesis is that the number of positive and negative runs is equal. If we accept the null 
hypothesis, we conclude that the forex returns series is random. The table 3 presents the 
results of Runs test.  
 

Table 3 – The Results of Runs Test 
  1-Year 2-Year 3-Year 4-Year 5- Year 
Number of Negative runs 115 120 118 114 125 
Number of Positive runs 123 127 120 127 117 
Total number of Runs 238 247 238 241 242 

Z Value -0.63283 -0.30639 -0.77845 0.757532 1.564742 
P-value 0.2634 0.3797 0.2182 0.7756 0.941178 

 
The results show that the Z value falls in the acceptance region for the whole period at 5% 
level of significance (± 1.96). Therefore, we accept the null hypothesis that series is random 
and series are independent. The results of Runs test support the random walk hypothesis for 
the forex return series. 
 
4.4 Autocorrelation Test  
We use Autoregressive (AR) model to test the auto correlation in the series. This test helps to 
examine the time series lags influence on successive observations of the series. We expect no 
serial correlation in the forex return series. We examine this by using autocorrelation test and 
its correlogram Q statistics. We present these results in Table 4. 
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Table 4 The Results of Autocorrelation and Q-statistics. 
Lags AC PAC Q-Statistics P-values 

1 0.004 0.004 0.0237 0.88 
2 -0.07 -0.07 6.1393 0.05 
3 0.017 0.018 6.5084 0.09 
4 0.049 0.044 9.489 0.05 
5 0.023 0.026 10.175 0.07 
6 0.046 0.053 12.857 0.05 
7 -0.004 -0.003 12.878 0.08 
8 -0.011 -0.007 13.031 0.11 
9 0.054 0.049 16.608 0.06 
10 0.044 0.038 19.058 0.04 
11 -0.025 -0.02 19.841 0.05 
12 0.026 0.029 20.708 0.06 
13 0.022 0.013 21.32 0.07 
14 0.033 0.033 22.703 0.07 
15 -0.069 -0.074 28.744 0.02 
16 -0.072 -0.075 35.329 0.00 
17 0.066 0.058 40.878 0.00 
18 0.061 0.047 45.636 0.00 
19 0.002 0.012 45.644 0.00 
20 -0.022 -0.01 46.274 0.00 
21 -0.055 -0.054 50.117 0.00 
22 0.005 -0.002 50.147 0.00 
23 0.021 0.002 50.729 0.00 
24 -0.003 -0.002 50.74 0.00 
25 -0.057 -0.037 54.824 0.00 
26 -0.015 -0.017 55.112 0.00 
27 0.038 0.028 56.954 0.00 
28 -0.047 -0.047 59.791 0.00 
29 0.003 0.015 59.803 0.00 
30 0.007 0.005 59.865 0.00 
31 -0.005 -0.011 59.892 0.00 
32 -0.014 -0.011 60.131 0.00 
33 -0.024 -0.01 60.843 0.00 
34 -0.021 -0.007 61.382 0.00 
35 -0.004 -0.006 61.405 0.00 
36 0.021 0.003 61.978 0.01 

 
The autocorrelation co-efficient should be equal to zero if the observed returns series is 
independent. The results of majority of autocorrelation co-efficient values are not equal to 
zero and Q-statistics p-values falls in the rejection region at 5% significance level. It shows 
that observations in the forex series are correlated except for the lag of one and eight at 10 
percent level of significant. The correlation values are significant for majority of the lags 
even at five percent level of significant.  These results show that forex return series are 



 
Kuwait Chapter of Arabian Journal of Business and Management Review 
Vol. 6, No.4, December 2016 

 
 

30 
 

dependent and do not support random walk hypothesis. Thus, AC and PAC test results 
indicate that forex market is inefficient in week form. 
 
4.5 Variance Ratio tests (Lo and MacKinlay, 1988, 1989) 
This is one of the prominent and widely used tests to analyse the random walk of the 
financial time series. Our study examines the martingale property of the forex return series. 
The tables below present the results of Variance ratio tests with return and ranks series. In 
addition, the wild bootstrap statistics is also used to test whether, the VR model result is 
different or not.  
 

Table 4: Results of Variance Ratio test (On return series). 
Number of observations in return series: 1237  

Heteroskedasticity robust standard error estimates 
Max |z| (at period 2)# Value =(10.50549)* df = 1237 
Lags 2 4 8 16 
Var. Ratio 0.537116 0.238752 0.127579 0.06822 
Std. Error 0.044061 0.07995 0.123199 0.17631 

z-Statistic 
(-
10.50549)* 

(-
9.521487)* 

(-
7.081373)* (-5.284907)* 

# denotes asymptotic normality distribution 
* denotes significance at 5% 

 
Graph :1 Variance Ratio test for return series 
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Table 5: Results of variance ratio test. (Computation by using Ranks in return series) 
Number of observations in return series: 1237   

Test probabilities computed using permutation bootstrap and with homoscedasticity  
Wald (Chi-Square) Value = (267.7482)* df = 4 

Lags 2 4 8 16 
Var. Ratio 0.535164 0.286097 0.175897 0.130577 
Std. Error 0.028433 0.053192 0.084104 0.125151 
z-Statistic (-16.34875)* (-13.42116)* (-9.798565)* (-6.946967)* 

Note: * indicates significant at 5% level 
 
Graph 2 Presents the Result of Variance Ratio Test for Rank Series (wild bootstrap and 

with homoscedasticity) 
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Table 6 Results of variance ratio test by using wild bootstrap model. (Kim, 2006 model) 
Number of observations in return series: 1237    

Test probabilities computed using wild bootstrap: With Heteroskedasticity  
Max |z| (at period 2) Value = 10.50549 df = 1237 
Lags 2 4 8 16 
Var. Ratio 0.53712 0.23875 0.12758 0.06822 
Std. Error 0.04406 0.07995 0.1232 0.17631 
z-Statistic (-10.50549)* (-9.521487)* (-7.081373)* (-5.284907)* 

Note: * indicates significant at 5% level 
 

Graph 3 The result of Variance ratio test (wild bootstrap: with heteroskedasticity) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Variance ratio test is the significant test to examine the random walk hypothesis. We use the 
variance ratio test on return and rank series. Further, we consider both heteroskedasticity and 
homoscedasticity characteristics in the model to test the martingale property in the forex 
return series. In table 4 heteroskedasticity robust standard error estimates with asymptotic 
distribution results are significant at 1% level. It supports the rejection of the null hypothesis 
that series is martingale.  Therefore, we conclude that the future returns could predicted by 
analysing the past observations. This violates the random walk hypothesis and also signals 
that modelling of forex series springs abnormal return. 
We use homoscedasticity model and wild bootstrap model to test the dependence of the 
observations. Both the models support the Variance ratio – heteroskedasticity results at one 
percent level of significance. Test statistic values of all Variance ratio tests are relatively 
similar to each other. Therefore, we use only Variance ratio – heteroskedasticity model for 
Weekly, Monthly and Quarterly Observations. 
To observe the long run behaviour of the return series of forex market, we use weekly, 
monthly and quarterly data. The results are presented below. 
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Table 7: Results of Variance Ratio Test of Weekly, Monthly and Quarterly 
Observations 

  Weekly observations Monthly observations Quarterly Observations 

Period 
Var. 
Ratio 

z-
Statistic 

P-
Value 

Var. 
Ratio 

z-
Statistic 

P - 
Value 

Var. 
Ratio 

Std. 
Error 

P - 
Value 

2 0.95771 -1.0709 0.2842 1.01327 0.31031 0.7563 1.009403 0.036929 0.799 
4 0.88575 -1.5622 0.1182 0.93371 -0.856 0.392 0.951943 0.068934 0.4857 
8 0.55203 -3.8211 0.0001 1.01147 0.0951 0.9242 0.987907 0.107884 0.9108 

12 0.39289 -4.0731 0 1.08355 0.55381 0.5797 1.057981 0.134942 0.6674 
24 0.22073 -3.6608 0.0003 1.04997 0.23369 0.8152 1.218242 0.191842 0.2553 
36 0.13857 -3.3651 0.0008 0.68765 -1.1936 0.2326 1.298011 0.232588 0.2001 
48 0.10591 -3.0899 0.002 0.47026 -1.7689 0.0769 1.378647 0.265142 0.1533 
60 0.08609 -2.8814 0.004 0.40982 -1.7858 0.0741 1.41746 0.293681 0.1552 
72 0.07688 -2.7034 0.0069 0.40794 -1.6589 0.0971 1.254549 0.319942 0.4263 
84 0.06875 -2.5649 0.0103 0.37859 -1.6359 0.1019 1.078436 0.344202 0.8197 
96 0.05747 -2.4644 0.0137 0.30048 -1.7481 0.0804 0.900177 0.366512 0.7853 

108 0.04896 -2.3773 0.0174 0.22052 -1.8632 0.0624 0.730356 0.387053 0.486 
120 0.04201 -2.3017 0.0214 0.18168 -1.8815 0.0599 0.596918 0.406093 0.3209 
132 0.04152 -2.2226 0.0262 0.18636 -1.8074 0.0707 0.521863 0.42386 0.2593 
144 0.04015 -2.1552 0.0311 0.18736 -1.75 0.0801 0.486906 0.440506 0.2441 
 
The above table reveals that the weekly return series are significant for all the lags except 
2ndand 4th lag. The Variance ratio declines lag 12 to lag 144which denotes that the existence 
of mean reversion process in weekly return series. This result is similar to the results of 
Poterba and Summers (1988) on stock prices of US market. The monthly and quarterly 
observations’ Variance ratios are insignificant at 5% level of significance. Therefore, we do 
not reject the null hypothesis that return series follow random walk. In table 7, we notice that 
Variance ratios are increasing with the increased time length for monthly and quarterly series. 
It indicates that increases in time length increases the uncertainty of the returns. This shows 
that monthly and quarterly returns cannot be predicted by using past data. However, daily and 
weekly returns are predictable in nature according to Variance ratio test. Based daily, weekly, 
monthly and quarterly returns variance ratio test results; we infer that forex market is weak 
form inefficient in shorter interval and efficient in the long term. 
 
4. 6 Forex Market Seasonality 
Seasonality is one of the anomalies, which could adversely affect the information efficiency 
of the forex market. This has been studied in developed markets which indicated seasonality 
in prices.  There are no studies of this type on Indian forex market. Generally, forex market 
experiences high volatility, which leads to time varying mean and variance in the return 
series.  To capture changing variance, we use Autoregressive conditional heteroskedasticity 
(ARCH) family models used by Engle (1982).  The results of ARCH models show that forex 
series has volatility clustering and ARCH effect. We use autoregressive (AR (p)) model to 
capture short-run performance of the forex series. Basic autoregressive model shows that 
only second lag has significant influence on the future returns. Therefore, we use AR (1) 
model with day dummies to test whether any day-effects exist in the forex series. The 
Dummies assume values of one for Monday and zero for remaining days to test Monday 
effect, one for Tuesday and zero for remaining days to test Tuesday effect and so on. We 
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excluded Wednesday as we found multicollinearity. The table below presents the result of 
AR (1) model. 

 
Table 8: The Results of AR (1) model with ARCH effect 

USD-INR Seasonality test results 
Variables Co-efficient z-Statistic P-Values 

푅( ) 0.496626 38.30112 0.0000 
MONDAY 0.000267 0.961819 0.3361 
TUESDAY 0.000645 2.210368 0.0271 
THURSDAY 0.000651 2.280312 0.0226 
FRIDAY 0.000182 0.647800 0.5171 

 
The above table clearly shows that second lag returns volatility significantly influence the 
future volatility.   The results show that Tuesday and Thursday co-efficient are positive and 
significant at 5% level. It implies that both Tuesday and Thursday volatility positively 
influence the successive days volatility. Thus, we conclude that USD-INR currency pair in 
Indian forex market has week day effect and there exists short run seasonality in the market. 
However, Monday and Fridays’ coefficients’ p-values are insignificant. It indicates that there 
is no Monday and Friday effect in the Indian forex market. These two days are starting and 
closing days of the week in terms of trading. On these days market participants (usually 
members) make inventory adjustments which may result in Monday and Friday to be 
independent in terms of volatility influence. 
 
5. Conclusion  
This study investigated weak form efficiency and seasonality of Indian forex market for 
USD/INR currency.  The study covers five years from 1st April 2009 to 31st March 2014. The 
ADF test’s stationarity and Run test results suggest that Indian forex market is weak form 
efficient. However, the results of normality test, Autocorrelation test, and more significantly 
Variance ratio tests show that Indian forex market is inefficient. The earlier researchers, 
Richardson and Smith (1991) and Faust (1992), advocate that variance ratio test results are 
more valid compared to other forms of random walk tests. Hence, based on the variance ratio 
test, normality test and autocorrelation test, we infer that forex market exhibits weak form 
inefficacy and reject the random walk hypothesis for daily and weekly returns. However, our 
results showed that random walk hypothesis is true for monthly and quarterly series. The 
results of our study also showed that variance ratios increased with increased time horizon 
which enhances the uncertainty of expected returns. Furthermore, the seasonality test results 
of extended AR (p) model reveals that Tuesday’s and Thursday’s volatility influence the 
successive days’ volatility.  Based on the results presented in different parts of this study we 
conclude that forex market is weak form inefficient in the short run and weak form efficient 
in the long run.  We also conclude that there is Tuesday and Thursday effect in the forex 
return series.   
 
Policy Implications: The functioning of forex market has implications for the balance of 
payments (BOP) and CAD.  The efficient functioning of the market builds confidence in the 
market participants and the regulators.  However, this study found that the Indian forex 
market is inefficient in the weak form in the short run.  Market inefficiency also affects 
actions of the market participants in finding the true rupee value. This can adversely affect 
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the India’s BOP, CAD and fiscal policy. Therefore, this study suggests that government of 
India and RBI should study the market characteristics and identify the factors that affect the 
market functioning and then, initiate measures to make forex market efficient.  This could 
help to manage the CAD and to adopt proper international trade policies. These measures 
also benefit corporations to implement proper hedge ratio in forex market dealings. These 
measures could induce market participants’ confidence to participate in the efficient forex 
market. To make forex market efficient, we propose a few measures; such as increasing the 
information dissemination in the forex market, efficient management of FDI and FII flows 
and restricting the participation of participatory notes (P-notes) which helps to reduce the 
effects of external shocks in the market.   
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