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MODELLING VOLATILITY IN INDIAN
FOREIGN EXCHANGE MARKET
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Exchange rate volatility is an important contributor to risks, affecting the deficit of the country, balance of payment,
export and import fluctuations, profits of the multinational corporations etc. Extreme variations in the exchange rate
influences the currency value, foreign exchange policy and fiscal stability of the country. The present paper is an attempt
to measure volatility in the Indian foreign exchange market. Genaralised Auto Regressive Conditional Heteroscedastic
(GARCH) family of models have been applied to evaluate volatility, clustering on daily basis time series data of US dollar
(USD) and Euro in terms of Indian rupees. The outcome of the study validates that volatility is highly persistent in the
Indian foreign exchange market. It also proposes a suitable model to forecast volatility in forex market.
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INTRODUCTION
Foreign exchange rate fluctuations is a critical

factor which influences all the players such as the
exporters, importers, investors, high frequency
traders, bankers, tourists, business concerns, foreign
employees, financial institutions and policy makers
(Karuthedath and Shanmugasundaram, 2012).
Consequently, it requires proper forecasting to deal
with the foreign exchange rate movements. The
failure of Bretton Woods system involved the
abandonment of convertibility of gold into dollar,
thereby shifting from fixed exchange rate to floating
exchange rate system by many countries (Garber,
1993 and Mohnot, 2011). This movement from
fixed exchange rate to floating exchange rate, raises
a question among different participants about the
volatility in the foreign exchange regime.

Volatility refers to the uncertainty and risk due
to changes in the value of stock value, asset,
security and investment (Jenkins, 2012). Foreign
exchange rate volatility refers to the quantity of
variations in the foreign exchange rate due to the
inflow and outflow of the respective currencies.

Volatility is of two types: historical volatility and
implied volatility (Downey, 2011). Historical
volatility is the amount of deviations in the past
market price of an asset or movements in the
currency value. Conversely, implied volatility is
elucidated as forward looking and is forecasted
through movement of exchange rate by
approximation of what will occur in the near future.
Volatility in the exchange rate market has gained
immense scope in the financial research after the
fall of Bretton Woods exchange rate system in 1973
and the shift from fixed exchange rate to floating
rate mechanism.
Indian Foreign Exchange Rate System

Since independence, India has pursued the
exchange rate system which was linked to the Great
Britain Pound. After the fall of Bretton woods
exchange system, this system continued till 1970
and the system of Indian Rupee (INR) with Pound
was abolished. Thereafter, India followed a
controlled floating exchange rate system as per
which INR was determined by Reserve Bank of
India (RBI) representing the band of weighted
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basket of currencies (Jadhav, 2005). During 1990-
91, the Government of India and RBI undertook
number of structural adjustments to correct the
economic pressure in order to tackle major
macroeconomic problems like balance of payment,
trade deficit etc. The Reserve Bank of India
followed a dual market determined exchange rate
system called Liberalised Exchange Rate
Management System (LERMS) in 1992 as per
which forty percent proceeds of foreign trade were
purchased at the official rate and the remaining at
the market  exchange rate (Jadhav, 2005;
Karuthedath and Shanmugasundaram, 2012). In
1993, RBI started a market driven foreign exchange
rate system and since then India is following this
market determined system.

REVIEW OF LITERATURE
There has been experimental research work to

investigate the volatility in foreign exchange across
different countries. Auto Regressive Conditional
Heteroscedastic (ARCH) model developed by
Engle (1982) and his student Bollerslev (1986)
contributed an advanced Genaralised Auto
Regressive Conditional Heteroscedastic (GARCH)
model. However some improved models such as
Exponential GARCH (EGARCH), Threshold
GARCH (TGARCH), Nonlinear GARCH
(NGARCH), Quadratic GARCH (QGARCH),
GARCH-in-mean (GARCH-M), Glosten-
Jagannathan-Runkle GARCH (GJR-GARCH),
Family GARCH (FGARCH) etc., are being applied
to estimate volatility in the field of exchange rate
economics. Kumar and Mukhopadhyay (2002)
investigated the co-movement and volatility
transmission applying GARCH models from 1999
to 2001 using intra daily data between National
Stock Exchange (NSE) Nifty and National
Association of Securities Dealers Automated
Quotations (NASDAQ) of USA and the results of
the study depicted that there exist unidirectional
causality from US stock market to Indian stock
market. Kaur (2004) investigated the volatility
spillover in the stock market area by estimating the
day of the week effect and the calendar effect. The
results depicted the indication of return and
volatility spillover between Indian and US market.

Ederington and Guan (2005) examined the
forecasting ability on the daily data of S&P index,
Deutschmark/Dollar exchange rate, Euro Dollar
rate etc. by comparing GARCH(1,1) with the
exponential weighted moving average and standard
deviation. The outcome of the study showed that
GARCH (1,1) performs better than its counterparts
in terms of lowest error function.

In the field of international finance, various
researchers have studied the volatility spillover
employing the GARCH family of models and
observed the presence of volatility in the foreign
exchange market. Mishra et al. (2007) in their
research work investigated the volatility spillovers
between the forex and the stock market in India
using ARCH, GARCH and E-GARCH models. The
end result of the study showed that there is a two
way volatility spillover as there is flow of
information from one market to another because
of long term relationship between these two
markets. Adjasi et al. (2008) found a negative
relationship between stock market and forex market
in Ghana from 1995 to 2005 using exponential
GARCH model and the results depicted existence
of statistically significant association between the
macro variables and the stock market.

Fidrmuc and Horváth (2008) verified the
exchange rate dynamics in European Union
employing GARCH models between 1999 and
2006 and found the asymmetric effects of the
volatility of exchange rates. Kumar and Dhankar
(2010) estimated the nature of volatility employing
GARCH family of models and confirmed the
presence of volatility in the Indian foreign exchange
market. Maradiaga et al. (2012) examined the
exchange rate volatility relationship of EURO/USD,
YEN/USD on India, China, Brazil and South
Africa’s exports employing Vector Autoregression
(VAR) models and observed that China and Brazil’s
exchange rate volatility has significant effect on
their agriculture exports than its counterpart (India
and South Africa). Chahal and Suman (2012) also
investigated the relationship between the stock
market volatility and the risk and return in BRICM
(Brazil, Russia, India,  China, and Mexico)
economies using GARCH family of models from
the period 1999 to 2010 and found an insignificant
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association between the conditional variance and
the rate of return. The present research work is an
attempt to examine the volatility in the foreign
exchange market and recommend an appropriate
model to forecast the volatility spillovers in the
forex market in India.

OBJECTIVES OF THE STUDY
The specific objectives of the study are as

follows:
 To examine the presence of volatility in the

foreign exchange market in terms of USD/INR
and Euro/INR in India.

 To recommend a suitable model to forecast
volatility in the foreign exchange market in
India.

RESEARCH METHODOLOGY
To investigate foreign exchange rate volatility

of Indian market, time series data of exchange rate
of USD/INR and EURO/INR on daily basis from
January 1, 2002 to October 31, 2013 has been used
in the study. The daily exchange rate data was
collected from Reserve Bank of India website. The
variable used to model foreign exchange rate
volatility is the percentage daily exchange rate
return of USD/INR and EURO/INR, which is the
first difference in natural logarithm of the exchange
rate of successive days calculated by following
equation:

where rt is the percentage of daily return of USD/
INR and Euro/INR,  is the current day foreign
exchange rate of USD/INR and Euro/INR and

 is the previous day foreign exchange rate
of USD/INR and Euro/INR respectively. The
descriptive statistics of daily foreign exchange rate
of (USD/INR and Euro/INR) series is presented
in Table 1.

Table 1. Descriptive Statistics USD/INR and Euro/INR
                                      USD          Euro
Mean 47.07895819 60.1628
Standard Error 0.086203216 0.152721
Median 46.04 58.68
Mode 48.7 56.77
Standard Deviation 4.623739917 8.191615
Sample Variance 21.37897082 67.10255
Kurtosis 2.174371241 0.466459
Skewness 1.220230797 0.402116
Range 29.0911 49.8082
Minimum 39.27 41.66
Maximum 68.3611 91.4682
Source: Author’s calculations based on secondary data

Table 1 clearly depicts the descriptive statistics
of USD/INR and Euro/INR exchange rates from
January 1, 2002 to October 31, 2013. It presents
the summary of statistics of mean, median, mode,
standard deviation etc. The mean is 47.07 and
60.16 in case of USD and Euro respectively. The
standard deviation in case of Euro is 8.19 in
comparison to 4.62 of USD which depicts that
variations are more in case of EURO than the USD.

Figure 1.  The Trend of Daily Exchange Rate of USD/INR and its Returns from January 1, 2002 to October 31, 2013

Source: Author’s compilation based on secondary data from www.rbi.org.in 
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Figure 1 shows the trends of the daily exchange
rate of USD/INR exchange rate and its returns from
January 1, 2002 to October 31, 2013 indicating the

fluctuations in the USD/INR foreign exchange
market.

Figure 2. The Trend of Daily Exchange Rate of EURO/INR and its Returns from January1, 2002 to October 31, 2013

Source: Author’s compilation based on secondary data from www.rbi.org.in

Figure 2 clearly depicts the trends of the daily
exchange rate of EURO/INR exchange rate and its
returns from January 1, 2002 to October 31, 2013
indicating the fluctuations in the EURO/INR foreign
exchange market.
Analytical Tool : A Brief

The GARCH model was first developed by
Tim Bollerslev in 1986, which states that the
conditional variance is a linear combination of its
squared error (ARCH term) and a part of lagged
conditional variance (GARCH). The equation of

the model is given by
2

0 1 –116 p
t tit       (2)

where  is the variance depending both on past
values of the shock (error) and past values of itself
being captured by lagged squared residual
terms( ).

RESULTS AND DISCUSSIONS
The data of USD/INR was analysed using the GARCH model. The results of the same have been

presented in the following section:

Table 2. ARCH LM Test Results
Currency Lag F-statistics P Value Lag F-statistics P Value
USD/INR 1 177.85 0.000 4 122.74 0.001

8 75.05 0.000 12 53.26 0.000
Euro/INR 1 61.16 0.000 4 37.75 0.000

8 29.82 0.000 12 20.88 0.000
Source: Author’s calculations based on secondary data

Table 2 clearly depicts that ARCH effect is
significant in the given dataset for both USD/INR
and EURO/INR because the P value is almost zero.

To model the same, GARCH modelling techniques
have been applied.
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Table 3. Results of the GARCH Model
USD/INR G(1,1) G(1,2) G(2,1) G(2,2)

0.21(0.011) 0.25(0.00) 0.32(0.01) 0.27(0.01)
–0.18(0.00) –0.26(0.00)

0.81(0.0) 0.47(0.00) 0.88(0.00) 1.69(0.00)
0.31(0.00) –0.70(0.00)

AIC –8.6421 –8.6470 –8.6689 –8.6538
BIC –8.6338 –8.6367 –8.6564 –8.6435
Euro/INR G(1,1) G(1,2) G(2,1) G(2,2)

0.05(0.00) 0.05(0.00) 0.05(0.01) 0.05(0.01)
–0.003(0.98) 0.01(0.89)

0.93(0.0) 0.87(0.01) 0.93(0.00) 0.50(0.79)
0.05(0.87) 0.40(0.83)

AIC –7.3189 –7.3182 –7.3182 –7.3175
BIC –7.3106 –7.3078 –7.3078 –7.3051

Source: Author’s calculations based on secondary data

Table 3 depicts that in case of USD/INR, the
beta is high and significant i.e., 0.88(0.00) for the
model GARCH (2,1) in comparison to other
competing models as GARCH (1,1), (1,2), (2,2).
As a result, GARCH (1,1), (2,2) and (2,2) models
have been ruled out because Akaike Information
Criterion (AIC) and Bayes Information Criterion
(BIC) values are not the lowest. Finally, GARCH
(2,1) has been selected because it has the highest
beta with significant p value and the values of AIC
and BIC are lowest i.e., –8.6689 and –8.6564
respectively. Hence, the model GARCH (2,1)

depicts a sign of persistence of volatility in the
USD/INR forex market. In case of Euro/INR, the
GARCH coefficients are found to be significant for
the two models, GARCH (1,1) and GARCH (2,1)
i.e., 0.93(0.00), in comparison to other competing
models. GARCH (1,2), (2,2) model has been ruled
out because beta is not significant. Finally GARCH
(1,1) model has been selected  because the AIC
and BIC values are lowest i.e., –7.3189 and –
7.3106 respectively. So the models, GARCH (2,1)
and GARCH(1,1) indicate the presence of volatility
in USD/INR and EURO/INR market respectively.

Table 4. Rankings of the Models as per the Information Criterion
   Currency                                  Model                 AIC                      BIC                        Rank

USD/INR GARCH (1,1) –8.6421 –8.6338 4
GARCH (1,2) –8.647 –8.6367 3
GARCH (2,1) –8.6689 –8.6564 1
GARCH (2,2) –8.6538 –8.6435 2

Euro/INR GARCH (1,1) –7.3189 –7.3106 1
GARCH (1,2) –7.3182 –7.3078 2
GARCH (2,1) –7.3182 –7.3078 2
GARCH (2,2) –7.3175 –7.3051 4

Source: Author’s calculations based on secondary data

To rank the models, two sets of the criterion
have been considered i.e., minimization of the
information criterion viz. Akaike Information
Criterion(AIC) and Bayes Information
Criterion(BIC). The ordering of the models as per
the information criterion is showed in table 4. In
case of USD/INR, GARCH (2,1) model has been

ranked first with AIC and BIC values of –8.6689
and  –8.6564 respectively, followed by GARCH
(2,2), GARCH (1,2). Lastly, GARCH (1,1) model
has been ranked fourth because of lowest AIC and
BIC values of 8.6421 and –8.6338 respectively.
Similarly, in case of EURO/INR, the first ranked
model is GARCH (1,1) with AIC and BIC values
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of –7.3189 and –7.3106, followed by GARCH
(1,2), GARCH (2,1) and lastly, GARCH (2,2) with

lowest AIC and BIC values of –7.3175 and –7.
3051 respectively.

Table 5.  Arch LM Test
Currency Model F statistic Obs-Rsquared P Value
EURO GARCH (1,1) 0.042 0.042 0.83
USD GARCH (2,1) 1.71 1.71 0.19

Source: Author’s calculations based on secondary data

To check the adequacy of the models, ARCH
LM test was again performed on the estimated
GARCH models. Table 5 clearly depicts that ARCH
effect is insignificant in the given dataset in case
of both USD/INR and EURO/INR (as the p value
is more than 5 percent). It  shows that
heteroscedasticity has been removed.

CONCLUSIONS OF THE STUDY
The present study endeavours to comprehend

the behaviour of foreign exchange rate volatility
in India by using the time series data on daily basis
of USD/INR and Euro/INR for the time period
January 1, 2002 to October 30, 2013. Foreign
exchange rate volatility has been estimated by the
GARCH family of models such as GARCH (1,1),
GARCH (1,2), GARCH (2,1), GARCH (2,2). The
results derived on the basis of the selected models
i.e. GARCH (2,1) and GARCH (1,1) in case of
USD and Euro, confirms the presence of volatility
in the forex market in India. The empirical results
derived in this paper are consistent with findings
of the earlier work of various researchers who have
experimented on the historical data.

Further, the findings of the study draw
attention towards policy implications for India. In
this direction, there should be transparency in the
exchange rate system so that it should be liberalized
and its firmness is maintained. The government of
India and the Reserve Bank of India should take
necessary actions so that the negative impact of
variation of exchange rate on other macro economic
variables such as external balance, export and
imports, inflation should be curtailed. The findings
are based on the assumptions that there exists linear
relationship among the variables and there may be a
chance that nonlinear nature among the variables may
exist. In such a case, non linear techniques such as

Artificial Intelligence (Artificial Neural Network
(ANN) and Support Vector Machine (SVM)) can
be considered. This area has been left open for
consideration in future researches in this field.
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