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Abstract

The study attempts to test the random walk behaviour and weak form
efficiency of foreign exchange market. For this purpose two exchange

rates namely USD and YEN has been selected from April 2007 to Mar
2015. We have applied the Unit root and Variance ratio test to study the
random walk hypothesis. The findings shows the both the exchange
rates do not exhibit the random walk. Thus implies weak form of
market inefficient. Further to analyze the volatility clustering and
persistence we have employed GARCH (1, 1). The results show there
is evidence of volatility clustering and persistence in case of both the
exchange rates. This type of study is highly relevant, as the healthy
functioning of foreign exchange market can lead to high economic
growth.

Keywords: Efficient Market Hypothesis, Volatility, Foreign
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Introduction

In the past few decades the area of market efficiency has received a
significant attention of the both researchers and academicians all over
the world. Generally as per efficient market hypothesis, the past
informationcannot be utilized to predict the future returns in an
efficient market. In other words the past information are already been
reflected in present prices. The efficient market hypothesis can be three
typessuch as weak form of efficiency, Semi-strong and strong form of
market efficiency (Fama, 1970). Weak form of efficiency means the
past prices related information is useless i.e. the current price
reflectsthe entire past price information. In semi-strong form of
efficiency the present price reflects all past price related information as
well as publically available information. The strong form of market
efficiency means the current prices reflect all the public as well as non
public information. In other word all the information are useless even if
the insider trading information. So nobody can make excess or
speculative profit in long run.

However, the past studies have given mixed evidence in the context of
market efficiency in both stock and foreign exchange market. Like
Barnes (1986) has shown evidence of weak form of market efficiency
in case of Kuala Lumpur stock exchange. In another study Sharma and
Seth (2011) haveanalyzed the impact of global financial crisis on
market efficiency. The study has taken both NSE and BSE in two sub-
periods (Pre and Post crisis). They did not find evidence of weak form
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efficiency of Indian stock market. Also the study concluded
that the results are similar in both the period,so there is no
impact of financial crisis on market efficiency. Arora(2013)
has tested the weak form of market efficiency and random
walk of Indian stock market. By taking the Nifty returns the
study conclude that Indian market rejects the weak form of
market efficient hypothesis.Chen (2008) has applied
variance ratio test to study the random walk hypothesis of
Euro exchange rate. By taking the sample from January
1998 to July 2008 the study conclude that Random walk
cannot be rejected, thus the euro exchange rate shows weak
form of efficiency. Li and Liu (2012) have studied the
random walk in case of 34 MSCI country index. The study
concluded that majority of country are in weak form of
efficient. Charles and Darne(2009) studied the random
walk behavior of major Euro exchange rate. By applying
Variance ratio test the study conclude that exchange rates for
major trading countries (such as Australia, Canada,Korea,
Japan,New Zealand, UK,USA, and Switzerland) follow a
random walk hypothesis in case both daily and weekly
frequency data. But their findings are different for non major
trading currencies especially for Swedish Kroner. In overall
among similar studies in Indian market Rao and
Shankaraiah (2003), Samanta (2004) and Sharma
andMahendru (2009) have supported weak form of
efficiency. While the studies like Guptaand Basu
(2007),Choudhari (1991), Sharma and Seth (2011) and
Arora (2013) have rejected the random walk of market.

The past literature shows that many of the studies have
focused on the efficiency of stock market, while very few
studies have been made on foreign exchange market. The
present study attempts to test the random walk hypothesis
and weak form efficiency of foreign exchange market. We
have selected two exchange rates such as USD andYEN to
study the random walk behavior of foreign exchange
market. In addition to this the study also analyses the
volatility clustering and persistence of the foreign exchange
market.

Data and Methodology:

Two exchange rates namely USD and YEN has been taken
for the purpose of analysis. The study period ranges from
April,2007 to March, 2015. The common samples in case of
all the exchange rates have been selected to make it
standardized. The returns in case of both the exchange rates
i.e. USDR and YENR have been calculated as Ln (Pt/Pt-1),
here Pt price at t period and Pt-1 price at t-1 period and Ln
natural log. The methodology of the study can explained as
follows.

Unit root Test

The stationarity is one of the underlying tests to study the
random walk hypothesis. Stationarity of the data means the
mean and variance are constant over the period of time; that
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means they are time invariant. In case of non-stationary the
series will have time varying mean and variance. This non-
stationarity can be referred as unit root problem. The random
walk of exchange rates can be written as follows:

EX,= pEX, , tul=p=1

Here ex, is exchange rate at t period, and Ex,_, exchange
rates at t-1 period,x, is a white noise error term. We know that
a series will be said to be random walk if value at t period is
equal to its value at t-1 period plus a random shock. In the
equation (1), if A is significantly equal to 1, then the
stochastic variable ex.iss said to be having unit root. In other
case if 1l <1 then series can be said as stationary and does not
follow a random walk. The Unit root has been tested in the
basis of Augmented Dickey Fuller (ADF) and Phillips-
Perron (PP).The ADF test consists of the following

AEX,= B, + Bt +6Y,_, + Z a;AEX,_, + ¢,

i=1

Here eis pure white noise error term and aex,_, = zx._, —£x,_. in
ADF we test whether s = o. Similariliy in Phillips-Perron use
non-parametric statistical methods to take care the serial
correlations in the error terms without adding lagged
difference terms.

Variance Ratio Test:

The variance ratio test of Lo and MacKinlay (1988) is based
on the fact that if a series follows a random walk in a finite
sample then the variance increment is linear in its data
interval. The stochastic process with drift can be as follows:

EX,= pu+EX,_, +5,

Here wis the drift parameter, and expected value of error is
zero. The restrictions in this imply, error will grow linearly
with time.  The Variance Ratio VR (q) can be defined as:

o (@)

VR (q) = g2 (1)

Where al(q)is§ times the variance of (E,-E,_,) an da?(1)
the variance of ~ (g,-E,_,)

The null hypothesis is that a time series or its first difference
follows a martingale difference sequence.

Volatility clustering and Spillover:

We uses the ARCH family models ARCH (Engel, 1982) and
GARCH of Bollerslev (1986) to study the volatility
clustering and persistence. In the context of volatility
standard deviation is one of traditional crude measure of
variance to assess unconditional variance. While the
GARCH is estimated to measure conditional variance. The
equation of GARCH model will be as follows assuming
Exchange rate can be represented by AR(1) process.

AEX, = wo + B,AEX, , + &, &~ N(o'af,(azx))

In above equation ) «, is the intercept, Ex,_, exchange rate
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respectively in t-1 period. Similarly &, is the white noise
error term of exchange rate.

Results and Discussion:

The figure-1 and figure-2 shows the descriptive statistics of
USDR and YENR respectively. We can see that the mean of
USDR is 0.000204 and Median is 0.000127. While the mean
of YENR is 0.000202, so it means the average return of
USDR is more as compared to YENR. The standard
deviation of USDR is 0.005539 and YENR is 0.009496. The
standard deviation of YENR is greater than as of USDR, it

indicates the YENR is more volatile as compared to USDR.
Both the USDR and YENR are positively skewed in the
sample period. Further to study the normalityJarque-bera
has been tested. In case both the exchange rates the Prob. is
0.0000 i.e. significant at 1% level. So the null hypothesis of
normality has been rejected, that is data are highly non-
normal. Figure 3 and 4 shows the plot of return both the
exchange rates namely USDR and YENR. It can be
observed that these exchange rates exhibit some sort of
volatility clustering.

Figure-1 Histogram and Descriptive Statistics of USDR

Series: USDR

Sample 4/02/2007 3/30/2015
Observations 1877

Mean 0.000204
Median 0.000127
Maximum 0.039038
Minimum -0.032938
Std. Dev. 0.005539
Skewness 0.175323
Kurtosis 7.569716
Jarque-Bera  1642.786
Probability 0.000000

Figure-2 Histogram and Descriptive Statistics of YENR

Series: YENR
Sample4/02/2007 3/30/2015
Observations 1877

Mean 0.000202
Median 0.000000
Maximum 0.057050
Minimum -0.046989
Std. Dev. 0.009496
Skewness 0.263580
Kurtosis 6.089725
Jarque-Bera  768.3420
Probabiity 0.000000

Figure 3: Plot of USDR
USDR
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Figure 4: Plot of YENR

YENR
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ADF and PP test:

To test the stationarity of data, unit root test has been applied
in basis of ADF and PP. As already been discussed
stationarity means the series does not contain unit root. The
table 1 shows the results of Unit root test on basis of ADF.
The results shows that t-statistics is more than the critical
value. It indicates statistically significant, so the null
hypothesisof non-stationarity has been rejected. The USDR
does not follow a random walk. The result is similar in case

11 12 13 14 18

of YENR, where also the null hypothesis has been rejected.
So YENR is stationary at level. Further the stationary has
been checked on the basis of PP. The does not vary as
compared to ADF (see Table 2). Both the USDR and YENR
are stationary at level as the null hypothesis of non-
stationarity has been rejected. Thus the random walk
hypothesis has been rejected in case of both the exchange
rates. This implies weak form inefficient of these exchange
rates.

Table 1: Augmented Dickey Fuller test

Variable t -Statistics

Prob.

USDR -31.61995***

0.0000

YENR -42.31176***

0.0000

***indicates significant @1% level

Table 2: Phillips-Perron Test

Variable Adj. t-statistics

Prob.

USDR -40.78202***

0.0000

YENR -42.30943***

0.0000

***indicates significant @1% level

Variance Ratio Test

Further to verify the random walk hypothesis the
conventional variance test (Lo-Mackinlay, 1988) and the
sign and rank test (Wright, 2000) have been applied. The
results of USDR have shown in table 3. We can see that the

all the variance ratios at different horizon of period are
statistically significant. Thus the null hypothesis has been
rejected. It shows USDR exhibitnon-random walk. Thus
USDR is weak form of inefficient, as earlier been observed
in Unit root test.

Table 3 Variance Ratio of USDR

Variance Ratio of USDR
Period | Var. Ratio Rank Var. Ratio Sign Var. Ratio
2 0.567421%%* 0.565437%%* 0.688699%**
4 0.248658%** 0.304772%%* 0.517591%%*
8 0.135856%** 0.197216%** 0.448294%%*
16 0.068313*** 0.146277%%* 0.411381%**

***indicates significant @1% level

The results of YENR have shown in table 4. We can see that
at different lag all the variance ratios are statistically
significant. Thus the null hypothesis has been rejected. It
shows YENR exhibitnon-random walk. Thus YENR is
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weak form of inefficient, as earlier been observed in Unit
root test. The similar results have been observed in case of
USDR in previous table.
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Table 4 Variance Ratio of YENR

Variance Ratio of YENR
Period | Var. Ratio Rank Var. Ratio Sign Var. Ratio
2 0.524906%*** |  0.576886%** 0.703625%**
4 0.250479%** | 0.312084%** 0.529318%**
8 0.129252%%* | 0.185763*** 0.453891%**
16 | 0-066379%** | 0.141602*** 0.418577%**

***indicates significant @1% level

Volatility Clustering and Persistence

Further our study applies the GARCH (1, 1) model to study
the volatility of two exchange rates. The results are
presented in the following table 5 and 6 for both USDR and
YENR respectively. The results in table 5 signifythe
coefficients of lagged squared residuals and conditional
variances are statistically significant. And also the aggregate

of this two is near to 1, so there is presence of both volatility
clustering and persistence in USDR. The GARCH (1, 1)
results of YENR are presented in table 6. The similar results
also observed in case of YENR. The aggregate of lagged
squared residuals and conditional variances are near to 1 and
both are statistically significant. So there is a presence of
volatility persistence.

Table 5: GARCH(1, 1) of USDR

GARCH of USDR
Parameters | Coefficient Z~§stat P-Value
7:53 0.685428 0.4931
Qo i
6.00 5.491459 0.0000
a;
Bo 0.10123 9.658968 0.0000
B 0.881305 79.155431 0.0000
Table 6: GARCH (1, 1) of YENR
GARCH of YENR
Parameters | Coefficient Z-stat P-Value
o -0.00013 -0.69389 0.4878
a 3.40 5.05;9509 0.0000
P 0.109688 8.689931 0.0000
B, 0.853594 49.16145 0.0000

Conclusion

The studies in the context of weak form of market are highly
relevant with regards to usefulness of the past information
that is typically used in technical analysis, speculation and
arbitrage phenomenon. Also from the regulatory point of
view this type of study has significant implications, as the
market inefficiency ensures the efficient and optimal
allocation of capital, savings and investment of the
economy. This is highly essential for a healthy economy
growth.Our study concludes that the foreign exchange
market does not exhibit a random walk, so weak form of
market inefficient. So the usefulness of past information
cannot be completely rejected. As in inefficient market the
futureprice can be predicted, one can earn abnormal returns.
This type of inefficiency may attract the investors in short
run because of excess return but in long run disturb the
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pricing phenomenon. As the current price may not reflect all
the past information’s, and lead to over and under valuation.
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