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Short Term Exchange Rate Fluctuations in India:

An Exploratory Study
Chandan S. Adhikari! and J K Sachdeva?

1. Introduction

Over the years due to globalization and rapid changes that are taking place in the
flow of trade and capital across the world, management of foreign exchange and foreign
exchange rate has become very strategic. Needless to say currency trade in the world is
many times higher than the equity trade. According to the Bank of international
settlements trading in foreign exchange markets averaged $5.3 trillion per day in April
2013 as against $4.0 trillion in April 2010 and $3.3 trillion in April 2007. In other words,
daily trade of currency increased by 32.5% during April 2010-13 as against 21.2% during
2007-10. This suggests that the currency trade has shown increasing trend in recent
years. India is no exception to this trend. In India there has been a significant increase
in both debt and liquidity in the spot as well as forward market segments, which could
be gauged from the rise in the average daily forex market turnover from approximately
US$ 16 billion in 2005-06 to nearly US$ 55 billion in 2014-15 so far (RBI speech by
Shri G. Mahalingam, Executive Director, Reserve Bank of India on February 25, 2015
at the India Treasury Summit in Mumbai). Another feature, that has been witnessed over
the recent years, is the extent of fluctuations in the foreign exchange rate along with the
phenomenal growth in the trade volume of currency. Various theories such as relative
purchasing power parity, interest rate parity, domestic fisher effect, international fisher
effect and models such as Balance of payments model and asset market model which
try to explain the factors responsible for the fluctuations in the foreign exchange rate
have their own limitations which primarily stem from the basic assumptions of these
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theories and models.

Hence, it would be interesting to understand whether the factors which determine
the foreign exchange rate are also responsible for the volatility in the foreign exchange
rate. If yes, what those common factors are. If not, what set of factors determine the
foreign exchange rate and what set of factors determine the volatility in exchange rate.
Are there some market psychology factors which effect to the real economic factors?
What is the extent of impact of such factors?

The paper has been divided into two parts. The first part describes major
economic variables that have direct or indirect impact on exchange rate volatility
while second part analyses the relationship of various macroeconomic variables with
the exchange rate of India within year 2013 which witnessed huge volatility.

2. Literature Review

In the international finance literature, various theoretical models are available to
analyze exchange rate determination and behavior. Most of the studies on exchange rate
models prior to the 1970s were based on the fixed price assumption. The floating
exchange rate regime in which the exchange rate between countries is determined purely
by supply and demand of the currencies without any government interventions. With
liberalization and development of foreign exchange and assets markets, in addition to
trade flows, variables such as capital flows, volatility in capital flows with their
underlying determinants such as price level changes, interest differentials, economic
growth and government policies and forward premium became important in
determining exchange rates. Further, with the growing development of foreign
exchange markets and a rise in the trading volume in these markets, the micro level
dynamics in foreign exchange markets increasingly became important in determining
exchange rates. Another variable that is important in determining exchange rates is
central bank intervention in the foreign exchange market which is done under the
managed float or dirty float system which is done by many countries including India.

Most previous researches about the behaviour of exchange rates have been devoted
to explain and forecast exchange rate levels and not their volatility. Several structural
models have been suggested to capture the pattern of exchange rates, such as
monetary exchange rate models and portfolio balance models. However, none of these
models was able to outperform a naive random walk model in forecasting in sample
exchange rate (Meese and Rogoff, 1983). Simon (1997) found that exchange rate and
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current account have direct and positive relationship with inflation and both exchange
rate and current account are the key factors that badly affect the small economies.

Edwards (2001) investigated the dynamic association between exchange rate
regimes, capital flows and currency crises in emerging economies. The study draws
on lessons learned during the 1990s, and deals with some of the most important
policy controversies that emerged after the Mexican, East Asian, Russian and
Brazilian crises. He concludes that under the appropriate conditions and policies,
floating exchange rates can be effective and efficient. Muhammad and Rasheed (2002)
in his article has examined whether stock prices and exchange rates are associated to
each other or not. The investigation is based upon secondary data which is collected on
South Asian countries, including Pakistan, India, Bangladesh and Sri- Lanka, for the
period January 1994 to December 2000 on a month-on-month basis. The methodology
used for this study is co-integration, vector error correction modeling technique and
typical Granger causality tests to observe the long-run and short-run association
between stock prices and exchange rates. Variables used for this study are key stock
price indices of these countries and the exchange rates between the currencies of these
countries with respect to the U.S. dollar. Outcome shows no long run and short-run
association connecting stock prices and exchange rates for Pakistan and India. This can
be associated to the manipulation in trading activities in these emerging markets in the
form of insider trading and manipulated annual reports. No short-run association was
also found for Bangladesh and Sri Lanka. However, there seem to be a bi-directional
long-run causality between these variables for Bangladesh and Sri Lanka.

Due and Sen (2006) examine the interactions between the real exchange rate, level
of capital flows, volatility of flows, fiscal and monetary policy indicators and the current
account surplus for Indian economy for the period 1993Q2 to 2004Q1. The
estimations indicate that the variables are cointegrated and each Granger causes to the
real exchange rate. Abdelaziz et al (2008) investigated the long-run interaction between
stock prices and real exchange rates in four oil exporting Middle East countries and
found no evidence of co-integration between the two variables. When oil price was
included in the system, evidence of a long-run relationship was found in three countries
for the more recent sub-samples. Clearly, there is neither theoretical consensus on the
existence of relationship between stock prices and exchange rates nor on the direction
of the relationship. Considerately, empirical studies are also inconclusive. Against this
backdrop, this paper attempts to examine how changes in exchange rates and stock
prices are related to each other, both in long as well as short run, for selected Asian
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countries like India, Japan, Hong Kong, Singapore and Korea over the period 2002-
2010.

The paper by Stavarek on assessment of exchange rate has examined the relation
between the stock prices and the exchange rate with their mutual interactions in the USA
and European Union between 1965 to 2003 at different point of time for different
countries. The results showed that exchange rates and stock market indices proved to
be co integrated in six out of nine analyzed countries. The time series for Hungarian and
Poland are identified to be 1(0), hence the such results are termed as invalid and do not
involve into further analysis. Hence then a Vector Error Correction and Granger
Causality Test was run to identify the problematic areas in the regression model and to
know what causes what in the model on the said variables. As the time period is divided
into two categories, the first being 1970-1992 and the second being 1993 to 2003, in
the first category the long run relationship between the said variables did not exist,
reason might be due to the under estimation of the prevailing exchange rate
arrangements in the developed countries. Under the Bretton wood system there was little
fluctuations within a tightened frame in the nominal Exchange rate which provided little
space for exchange rate volatility. In the second period from 1993-2003 shows much
stronger long run causalities in the developed countries. In four out of the nine selected
economies, co integration between the stock prices and the exchange rate existed. The
nature of the relationship however was not consistent in all the cases. In case of United
Kingdom and United States of America, there was evident movement in the stock
market as a result of exchange rate developments, (Starvarek Daniel 2009).

In the end, one has to say that in a large and ever-changing mix of current events,
demand and supply factors encompassing various economic factors along with the
political conditions and market psychology determine the currency price. In other words,
currency price is determined by a mix of factors some of which are quantifiable others
are not. However, in a short period of one year which again is punctuated by very short
spells of high volatility of some short durations, some typical factors primarily
speculative in nature might have played an important role and to examine the same the
present study has been undertaken with the following objectives.

Below is the Exchange rate graph. We can observe that the rates are fluctuating but
in the last year (Jan-Dec 2013), the Exchange rate has been more or less stable between
54 Indian Rupees to 65 Indian Rupees for 1 US Dollar.
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Chart 1 ( Exchange Rate Jan — Dec 2013)
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Recent Developments

After assuming the office of RBI Governor by Mr. Raghuram Rajan a slew of
measures have been taken on account of monetary policy formulation and management
including foreign exchange reserve management. These measures include lowering of
interest rates, bringing down inflation, reforms in debt market,bringing huge money
through FPI funds in government bonds, debt restructuring by banks, measures to lower
gold imports, measures to boost debt and currency markets,hike in FIlI debt limit,
measures to attract sovereign wealth funds etc. In addition, government has also done
its bit to attract foreign direct investment in India by receiving commitments from
various countries and corporates in India in various areas. All these measures augur well
for India and because of these measures and India being in a sweet spot even after hike
in fed rate, capital outflows did not happen and thereby the exchange rates are by and
large stable pointing to a long run stability of exchange rates

3. Objectives

To study the exchange rates regime during calendar year 2013 on daily basis as
this year was an exceptional year in terms of volatility in the exchange rate between
Indian rupee and US dollar.

To identify certain periods during which exchange rate fluctuations are quite
different in comparison to other periods. It provides valuable insights into impact of
changes in currency relations on various sectors of economy keeping in focus economy
in general and Indian economy in particular.
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To suggest model based on determinants which will explain the exchange rate
fluctuations.

4, Data sources

The paper has been based on purely and entirely secondary sources of data which
have been collected from the following sources:

Exchange Rates (January 2013 — December 2013): Reserve Bank of India (
Exchange Rate is RBI Reference Rate).

Interest Rates/ MIBOR Rates (March 1993 — December 2013): Reserve Bank of
India

Foreign Exchange Reserve (March 1993 — December 2013): Reserve Bank of India
Crude Oil Prices (March 1993 — December 2013): oil-price.net, Money control
Gold Prices (March 1993 — December 2013): World Gold Council

Nifty (March 1993 — December 2013): National Stock Exchange

During period January 2013 - December 2013, there were 244 working days out
of total 365 so there are 244 observed values with 6 series.

5. Data Analysis
5.1 Unit Root Test

All series were subjected to Unit Root Test with ADF Test using intercept. Schwarz
Info Criterion with 14 lags (automatic selection) was used. Table 1 shows 1 stat and its
probability (P Value) at level and at first difference. It is observed all series have unit
root at level, however at first difference series have no unit root. As series are unit root
free at first difference, series were found to integrated with I(1), it can be concluded that
multiple regression at level would be spurious regression. Series are co-integrated. This
was tested with Johnson Co-integration test. Short term and long term relationships were
established by VECM ( Vector Error Correction Method) using Eviews.

Table 1

Series

At Level First Difference

T stat | P Value T stat | P Value
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Exchange Rates -0.905996 0.7853 -16.51698 0.0000
MIBOR Rates -1.922796 0.3215 -21.35519 0.0000
Foreign Exchange Reserve -0.794879 0.8184 -4.533847 0.0002
Crude Oil Prices -1.761349 0.3992 -14.62799 0.0000
Gold Prices -1.984829 0.2935 -14.72539 0.0000
Nifty -1.979716 0.2957 -14.04311 0.0000

5.2 Lag Selection

There is consensus among econometricians that number of lags should be selected
on basis of minimum Akaike Information Criterion. Series were subjected to Lag Model
selections using unrestricted VAR. AIC values were obtained using lags 1 to 8 Table 2

below shows that 37.81084 is the minimum value when there are two lags.

Table 2

Selections of Lags based on Akaike Information Criterion

AIC Values

37.82511

37.81084*

37.94164

38.02213

38.15027

38.12431

38.05945

38.10129

Henceforth two lags, selected based on Akaike Information criterion, have been

used in all further analysis

5.3 Johansen Co-integration Test

Johansen Co-integration test was carried out using all six series using Max Eigen
Value and Trace value. As per Table 3 Trace Statistic has maximum value 103.1266
with P value 0.0141. Hence Null hypothesis that there is no co-integration equation is
rejected. The null hypotheses that there are at most 1, 2 3,4 or 5 are accepted. Similarly
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Table 4 shows Eigen Value. By Max Eigen Value test it also been observed that one
and only one co-integration equation exists.

Table 3 (Trace Value)
Included observations: 239 after adjustments
Trend assumption: Linear deterministic trend

Series: RBI_REFERENCE MIBOR_RATE FOREIGN_RESERVE
CRUDE_OIL_PRICE GOLD_RATE NIFTY

Lags interval (in first differences): 1 to 2
Unrestricted Co-integration Rank Test (Trace)

Hypothesized Trace 0.05
No. of CE(s) Eigenvalue Statistic Critical Value Prob.**
None * 0.148230 103.1266 95.75366 0.0141
At most 1 0.123530 64.46091 69.81889 0.1242
At most 2 0.058802 32.68447 47.85613 0.5743
At most 3 0.047245 18.07944 29.79707 0.5602
At most 4 0.022869 6.415728 15.49471 0.6464
At most 5 0.003481 0.840418 3.841466 0.3593

Trace test indicates 1 co-integrating egn(s) at the 0.05 level
* denotes rejection of the hypothesis at the 0.05 level
**MacKinnon-Haug-Michelis (1999) p-values

Table 4 (Max Eigen Value)
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Unrestricted Co-integration Rank Test (Maximum Eigenvalue)

Hypothesized Max-Eigen 0.05
Critical

No. of CE(S) Eigenvalue Statistic Value Prob.**
None 0.148230 38.66564 40.07757 0.0715
At most 1 0.123530 31.77644 33.87687 0.0872
At most 2 0.058802 14.60504 27.58434 0.7787
At most 3 0.047245 11.66371 21.13162 0.5811
At most 4 0.022869 5.575309 14.26460 0.6681
At most 5 0.003481 0.840418 3.841466 0.3593

Max-eigenvalue test indicates no co-integration at the 0.05 level
* denotes rejection of the hypothesis at the 0.05 level

**MacKinnon-Haug-Michelis (1999) p-values

5.4 Long Run Co-integration Equation

Johansen Co-intgration test frames following Co-integrtion Equation.
Normalized co-integrating coefficients (standard error in parentheses)

RBI_REFERENCE MIBOR_RATE CRUDE_OIL_PRICE FOREIGN_RESERVE GOLD _RATE  NIFTY
1.000000 -6.086808 0.162109 -0.000635 0017254  -0.010073
(1.01297) (0.15713) (0.00085) (0.00451) (0.00288)
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5.6 Short Run Relationship

Short Run relationship has been established by Vector Error Correction Model (
VECM). Table 5 has two parts. Part A shows coefficients of long run and Part B shows
coefficients of short run variables up to two lags.

Table 5 ( VECM)
Part A
Co-integrating Eq: CointEql
RBI_REFERENCE(-1) 1.000000
MIBOR_RATE(-1) -6.086808
(1.01297)
[-6.00886]
CRUDE_OIL_PRICE(-1) 0.162109
(0.15713)
[ 1.03168]
FOREIGN_RESERVE(-1) -0.000635
(0.00085)
[-0.74267]
GOLD_RATE(-1) 0.017254
(0.00451)
[ 3.82304]
NIFTY(-1) -0.010073
(0.00288)
[-3.49915]
C -3.707422
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VECM ( PART B)

Error Correction:

D(RBI_REFERENCE)

CointEql

D(RBI_REFERENCE(-1))

D(RBI_REFERENCE(-2))

D(MIBOR_RATE(-1))

D(MIBOR_RATE(-2))

D(CRUDE_OIL_PRICE(-1))

D(CRUDE_OIL_PRICE(-2))

D(FOREIGN_RESERVE(-1))

D(FOREIGN_RESERVE(-2))

46

-0.009273
(0.00821)
[-1.12899]

-0.165960
(0.07294)
[-2.27534]

-0.055081
(0.07312)
[-0.75332]

-0.127285
(0.08446)
[-1.50696]

-0.088658
(0.08120)
[-1.09187]

-0.045698
(0.02416)
[-1.89172]

-0.004185
(0.02434)
[-0.17194]

0.000276
(0.00030)
[0.92838]

0.000991
(0.00030)
[ 3.30262]
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D(GOLD_RATE(-1)) 0.001693

(0.00074)

[ 2.27381]

D(GOLD_RATE(-2)) 0.000474

(0.00074)

[ 0.63799]

D(NIFTY(-1)) -0.001236

(0.00046)

[-2.71147]

D(NIFTY(-2)) -0.000471

(0.00046)

[-1.02081]

C 0.032443

(0.02681)

[ 1.20993]

R-squared 0.124144

Adj. R-squared 0.073985

Sum sq. resids 37.89814

S.E. equation 0.408598

F-statistic 2.475008

Log likelihood -119.0518

Akaike AIC 1.104165

Schwarz SC 1.306601

Mean dependent 0.031037

S.D. dependent 0.424607
Determinant resid covariance

(dof adj.) 8.80E+08

Determinant resid covariance 6.14E+08

Log likelihood -4490.198

Akaike information criterion 38.00995

Schwarz criterion 39.31132
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The above equation can be written as following. The bold portion is long run part and
others are short run part.

D(RBI_REFERENCE) = C(L)*( RBI_REFERENCE(-1) -
6.0868*MIBOR_RATE(-1) + 0.1621*CRUDE_OIL_PRICE(-1) -
0.0006*FOREIGN_RESERVE(-1) + 0.01725*GOLD_RATE(-1)
0.01007*NIFTY(-1) - 3.7074) + C(2)*D(RBI_REFERENCE(-1))
C(3)*D(RBI_REFERENCE(-2)) + C(4)*D(MIBOR_RATE(-1))
C(5)*D(MIBOR_RATE(-2)) + C(6)*D(CRUDE_OIL_PRICE(-1))
C(7)*D(CRUDE_OIL_PRICE(-2)) +  C(8)*D(FOREIGN_RESERVE(-1))
C(9)*D(FOREIGN_RESERVE(-2)) + C(10)*D(GOLD_RATE(-1))
C(11)*D(GOLD_RATE(-2)) + C(12)*D(NIFTY(-1)) + C(13)*D(NIFTY(-2))

+ 4+ + + + +

Table 6 ( Coefficients and the their P Values.

Coefficient Std. Error t-Statistic Prob.
C(1) -0.009273 0.008213 -1.128992 0.2601
C(2) -0.165960 0.072939 -2.275345 0.0238
C@3) -0.055081 0.073118 -0.753323 0.4520
C(4) -0.127285 0.084464 -1.506963 0.1332
C(5) -0.088658 0.081198 -1.091873 0.2760
C(6) -0.045698 0.024157 -1.891722 0.0598
C(7) -0.004185 0.024339 -0.171936 0.8636
C(8) 0.000276 0.000297 0.928380 0.3542
C(©9) 0.000991 0.000300 3.302620 0.0011
C(10) 0.001693 0.000745 2.273814 0.0239
C(11) 0.000474 0.000743 0.637986 0.5241
C(12) -0.001236 0.000456 -2.711472 0.0072
C(13) -0.000471 0.000461 -1.020807 0.3084
C(14) 0.032443 0.026814 1.209929 0.2276
R-squared 0.124144 Mean dependent var 0.031037
Adjusted R-squared 0.073985 S.D. dependent var 0.424607
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S.E. of regression 0.408598 Akaike info criterion 1.104165
Sum squared resid 37.89814 Schwarz criterion 1.306601
Log likelihood -119.0518 Hannan-Quinn criter. 1.185723
F-statistic 2.475008 Durbin-Watson stat 2.036732
Prob(F-statistic) 0.003598

Table 7 Test of Coefficients

Wald Test:
Equation: Untitled

Test Statistic Value df Probability
F-statistic 3.624789 (6, 227) 0.0019
Chi-square 21.74874 6 0.0013

Null Hypothesis: C(2)=C(4)=C(6)=C(8)=C(10)=C(12)=0
Null Hypothesis Summary:

Normalized Restriction (= 0) Value Std. Err.
C(2 -0.165960 0.072939
C@4) -0.127285 0.084464
C(6) -0.045698 0.024157
C(8) 0.000276 0.000297
C(10) 0.001693 0.000745
C(12) -0.001236 0.000456

Restrictions are linear in coefficients.
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Chart 1 Normality Test of residuals
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Table 8 Residual Serial Correlation
VEC Residual Serial Correlation LM
Tests
Null Hypothesis: no serial correlation at
lag order h
Sample: 1/01/2013 12/31/2013
Included observations: 241

Lags LM-Stat Prob
1 58.64543 0.0099
2 57.95193 0.0116

Probs from chi-square with 36 df.

6. Results and Discussions
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The co-integration equation with long runs and short run parts have been shown in
Equation 1( Eql). The Coefficients with P values have been depicted in Table 6. It is
observed C(1) which is coefficient of long run co-integration equation is negative. That
is a good sign that series have long term co-integration. Speed of long term adjustment
is-0.009273, but it is not statistical significant. In short run coefficients C(2), C(6), C(9),
C(10) and C(12) are statistically significant coefficients. C(2) that is one lag period first
difference of Exchange Rate ( RBI reference ) affects present exchange rate negatively.
C(6) is the coefficient of lag one difference of Crude Oil Price. This is statistically
significant at10% level. This difference also affects Exchange rate negatively. C(9) is
the coefficient of two lag period second difference of foreign reserves. This is
statistically significant at 1% level. This relationship clearly shows demand and supply
relationship. But it two days lagged difference. C(10) is the coefficient of first lagged
difference of crude oil price. C(12) is the relationship with Nifty. One lagged period of
Nifty difference affects exchange rate positively. This coefficient is positively related
at 1% significant level.

Wald test (Table 7) was done on short run coefficients, Chi Square Value and P
Values show that short run coefficients are not zero. R? in this model is only 12%. So
this model explains only 12%. Of exchange rate. Normality Test (Chart 1) shows a good
sign that residuals are normally distributed with ZB = 21.77 and P Value as 0.000.
However, the major problem is the residuals are serially correlated (Table 8)

7. Concluding Remarks

Foreign Exchange was found to be co-integrated with Mibor Rate, Crude Oil Price,
Foreign reserves, Gold rate and Nifty during volatile period of 2013 in India. There is
long run relationship but speed of adjustment is not statistically significant. There is a
significant short run relationship with past day Exchange Rate, Crude oil Price, Foreign
reserve, Gold rate and Nifty. This model is dependable to the extent of 12% and need
further examination with step by step analysis. We have not studied how Exchange rate
effects other variable in short run.

The initial success story of India was clearly based on factor driven economy based
on arbitrage that is providing low cost in comparison to another country. At this stage
development is sensitive to global business cycle and exchange rate fluctuation. We
need to move towards being investment driven economy that is efficiency driven in the
form of infrastructure development, improving skill of work force and make that
investment which translate into tangible productivity across the board. Final stage which
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can make India to be developed economy is to be innovation driven economy that can
create unique value of India at global economy level. We need to accelerate reform
process that would make economy resistant to external shocks and changes in economy
cycles and currency fluctuations. The bottom line is our policy should concentrate on
enhancing our capability in manufacturing, promote entrepreneurship and provide
incentive for innovations. We need to remember that the challenge which we are facing
is not only about currency risk but it is about moving to growth and development.

The Indian Rupee depreciated from Rs. 54.4 per US dollar in 2012-13 to 60.5 in
2013-14 and further to Rs. 61.1in 2014-15 and in the current fiscal year (April-
November 2015), the average monthly exchange rate of rupee (RBIs reference rate) was
Rs. 64.6 per US dollar. Earlier grim global economic outlook along with high inflation,
widening current account deficit and FIl outflows contributed to this fall till 2013-14
and RBI responded with timely interventions by selling dollars intermittently. Since
then many good things as mentioned above have happened which have put Indian rupee
on a stronger pitch.

8. Scope for The Further Research

There are many other factors which effect Exchange rate. We can further add other
major factors to explain the volatility of Indian Rupee’s exchange rate. Certain factors
like public debt, gold reserves, Fll, FDI, foreign exchange reserves, bank rates, trading
terms, inflation rate, etc., can be added to the independent factors and a multiple
regression of the same can give a better picture of the dependence of exchange rate on
these factors. There are several other factors which influence the exchange rate like
socio-economic policies, political scenarios etc., but many of them are out of scope of
mathematical correlations as they are not measurable easily.
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