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1. Introduction
xchange rate fluctuation over a wide range bidirectionally ( ceiling and floor) or in unidirectional way tends to have a debilitating effect on the overall trade. Nations following the policy of import linked export promotions will have a deep impact by currency depreciation on production costs there by triggering inflation. The firm level debt component rises increasing its liability. The appreciation of currency creates a dampening environment for the exporters. Today the global trend in currency management is to arrest appreciation and allow depreciation within limits thereby rendering the economies export driven. The exchange rate fluctuation can be intuitively governed by umpteen parameters which may include economic and non-economic factors like the capital inflows, interest rates prevailing in the economy, the rate of inflation, volume of foreign exchange reserves, current account balances, GDP growth rate, fiscal deficit, import to GDP ratios, export to GDP ratios, political stability, development indices, the corruption index, the health of global economy etc. The present study tries to Authors ? ? : Jain University Bangalore. E-mail : raamanraj@gmail.com understand the association between the foreign exchange reserves, and the exchange rate in Indian economy between 1980 and 2010. India has experienced an unprecedented increase of foreign exchange reserves (currency assets considered) which stands at 122.48 billion dollars in 2010-11 which is consistent with the Asian trend of accumulating excessive foreign exchange reserves. On the current account balance front India has always faced current account balance deficit except between 2001 and 2003 when the current account balance was in surplus which was largely attributed to enhancement in the export of services. In 2010 the current account deficit stood at -42.807 billion dollars. The exchange rate vis a vis US dollar is consistently on a depreciating mode .The question we are trying to investigate here is whether the independent variables under consideration namely foreign exchange reserves( FOREX) have a bearing on the dependent variable exchange rate ( EXR) ? We further want to contemplate on whether there is an optimization principle applicable in this context which would contain wide fluctuation of exchange rate.
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Countries are known to maintain reserves to effectively manage their exchange rates and reduce adjustment costs associated with fluctuation in the international payments. The 'rule of thumb' of maintaining optimal reserves is equivalent to at least 3 months of imports (Mendoza 2004). High for reserves are maintained to tide over global, economic and financial instability. The 1997 SE-Asian crisis is a good testimony to this (Stieglitz 2006). It is a tool for maintaining lower exchange rate to promote trade and international competitiveness, mercantilist motive (Aizenmann & Lee 2005) High for reserves boost investor confidence and augment investment and growth. According to Dooley, Filbert Landau and Garber (2004) reserve accumulation reflects intervention of Asian Central Banks who want to prevent currency from appreciation against dollar to promote export led growth.
Researchers have come out with certain optimization principles in terms of certain ratios to check the quantum of fore exchange reserves accumulated. Excessive accumulation of the reserves would be futile; therefore a mechanism of judicious utilization of the E prevalent for reserves in favor of the economy is imperative.  (1971) suggested that the quantum of fore reserves should be maintained anywhere between 5 to 20% of the money supply. c) Reserves to Short Term Debt Ratio Brown (1964) gives analysis of reserves to net external balance ratio on ground that the reserves function as cushion against future Bop deficits. This ratio reflects economy's financial ability to serve existing short term external debt flow. Greenspan and Guidotti (1990) suggested that the fore should at least cover short term debts in countries with limited access to international capital markets. d) Opportunity Cost Heller (1966) introduced cost benefit perspective. Aggarawal (1970) modified Heller's model on the ground that opportunity cost of reserve holding is value created by foreign currency held by monetary authority instead of imported productive goods.
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Again, Bacchante, Racier and Roof (2006), found that real exchange rate volatility is harmful for the growth of the country and reduces it, this problem is more severe in countries with less financial development. Dooley, Folkerts-Landau and Garber (2003) viewed hoarding of reserves as a mechanism to facilitate growth and maintain undervalued real exchange rate in the context of China.
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The excessive accumulation of fore reserves is been beyond absorption capacity and has distorted the primary ratios which are theoretically optimized. The present study tries to estimate whether such unprecedented levels of fore reserves have a bearing on the exchange rates, which otherwise would have a cascading effect on the trade. An appreciation of the Indian rupee is bound to hit the export valuations and the depreciation would severely distort import bills. The study focuses on estimating empirically long run and short run effect of the quantum of fore reserves on exchange rate using VAR -Vector Auto Regression technique.
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The time series data (data source like RBI website) of the foreign exchange reserves (only foreign exchange currency reserves considered here) and the exchange rate (Indian Rupee versus dollar) between 1980 to 2010 is considered for the present study. EXR (Exchange rate) is the dependent variable and FOREX (Foreign Exchange Reserves) is the independent variable The data is being statistically processed using Unit Root Test to check the stationary of the variables under consideration, Johansson Co integration test to analyze the long run association between exchange rate and fore reserves and VAR (Vector Auto Regression) to find the long and short run association between the variables.
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When we see a phenomenon over a period of time, observing certain variables in steps of time, then we are essentially generating "Time series data". The analysis of time series is based on the idea that each series is the empirical realization of stochastic process acting behind the economic evolution. In other words an underlying stochastic process generates time series observations.
Let it be a discrete time series. In our case Xt is the independent variable namely the foreign exchange reserve abbreviated as FOREX henceforth. Similarly let yet be the dependent variable which in our case is the exchange rate abbreviated as EXR. The standard technique of regression analysis is based on the tenet that the variable yet has a well defined relationship with Ex. In our modeling the initial assumption is that EXR is a function of FOREX. If one would like to fit a linear regression model then we are essentially looking out for an equation of the type Y t =aX t +b But a critical observation shows that the residuals in the time series of At and Yet do not form a white noise process since there exists a unit root which we observed by running the augmented Dickey-Fuller test (ADF test) which implies that the repressors do not exhibit stationary. After taking first differences, the variables FOREX and EXR together exhibit stationary.
When two or more time series are involved, one needs to check for two way casualty for long run influences. The concept of co integration introduced by Granger and Clive is as follows. The variables Y1, Y2....Yen are said to be co integrated if these variables move together or have a long run association. More generally a vector of I(1) random variables Yet is said to be co integrated if there exists a vector if-such that ?i-Yt is trend stationary. In such a case one looks at a linear combination of vectors which exhibits co integration. The rank of the co integration matrix indicates the number of co integrated variables. To test if the variables in our experiment are co integrated we run the Johansen test (MacKinnon-Hag-Michelins criteria) for checking the trace of the co integration matrix. The lack of cointegrationat 0.05 level in our case suggests that
© 2013 Global Journals Inc. (US)there is no long run equilibrium of association between the FOREX and EXR variables in our study.
Hence we proceed to the vector auto regression model without alluding to the adjustment parameters Causality between Exchange Rate and Foreign Exchange Reserves in the Indian Context (1). that ought to be sought through VECM method in case of a co integrated trend.
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A typical autoregressive model (AR (p)) of order p is used when the variables concerned are depending on 'p' lags. In (2) below we write the equation that models such an autoregressive process. We note that are stochastic terms incorporating the fluctuations or noises attributed to certain unexpected events happening. A vector auto regression model is considered when n number of variables together follows a correlation with influences from past (lagged) values of themselves. We also note that in our specific case the value of n is 4 and the value of p is 2. The AIS criteria is the one through which we have fixed two lags for our VAR model, since taking lag 2 we get the required stationary of the time series ensemble. The equation ( 2) is a typical autoregressive model for a single variable. Let represent the variable in the AR model corresponding to, represent the variable in the AR model corresponding to and so on. Thus we have the vector incorporating all the variables that we have considered which we denote for simplicity as indicating its value for the current time series. Similarly its lags are denoted by etc. Thus the autoregressive model considering all the macroeconomic variables reads as in equation (3).

 Up: Home Previous: 8. Mathematics of Analytical Tools Next: 10. VI.

10. VI.
 Up: Home Previous: 9. a) VAR Model Next: 11. Findings

 Up: Home Previous: 9. a) VAR Model Next: 11. Findings

11. Findings
 Up: Home Previous: 10. VI. Next: 12. VII.
The ADF Unit root test shows that the exchange rate variable has a unit root at Level i.e. the data is non stationary which is indicated by p values greater than 5 percent. The Null Hypothesis states that the Variable is not stationary or it has a unit root. As the p value is > 5% we cannot reject the Null hypothesis. Therefore at level exchange rate exhibits a unit root or the data is non stationary. At First difference the significant p values for ADF are less than 5 percent. As the values of p are < 5% we can reject the Null hypothesis concluding that at first difference the exchange rate is stationary. The Unit root test for fore indicates significant p-values less than 5 percent indicating that the variable is stationary at Level. To ensure whether the variables under study are co integrated or to check whether they exhibit a long term association we use Johnson's Co integration test. Here we use Trace statistics for our analysis. The pvalue at None (no variables being co-integrated) is 0.5561 and At most 1 (1 variable co -integrated) is 0.1922 indicating that EXR and FOREX are not co integrated and do not exhibit long term association among themselves. As the variables under consideration do not exhibit co integration we undertake unrestricted VAR (Vector Auto Regression) model.
The VAR output indicates that coefficients of fore at different lags C3 and C4 in the equation show pvalue of 0.3114 and 0.2630 respectively which are insignificant indicating that the foreign exchange reserves variable does not exhibit a long run correlation with the exchange rate. neither the exchange rate coefficients C 6 and C7 as independent variables exhibit any long run correlation with fore reserves. The short run correlation between four and ear can be quantified by Wald test for C3 and C4 the chi square statistic p-value being 0.4805 which is>5% indicating that C3=C4=0 and jointly do not influence the exchange rate. Thus the statistical investigation clearly rules out booth long term as well as short term association among the variables considered.
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The quantum of foreign exchange reserves essentially does not exhibit a long run or short run correlation with the exchange rate in case of Indian economy. Although the accumulation of fore reserves are unprecedentedly high thereby exhibiting a marked departure from the thumb rule ratios suggested by several researchers, it does not have a direct bearing on the exchange rate as suggested by some authors and there could be many other parameters that contribute to excessive fluctuating in the currency exchange rate between a U. S dollar and Indian Rupee. The foreign exchange reserve accumulation in the Indian context could have been largely in anticipation of overcoming financial crisis than a tool for regulating the exchange rate. It could also be looked upon as a face lift to the Indian economy through enhanced credit ratings which in turn would attract investors to India in the form of foreign direct investment and portfolio investments thereby supplying the much needed capital for stimulating economic growth.
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Working on the opportunity costs pertaining to the excessive accumulation of foreign exchange reserves, working out judicious ways of managing Fore reserves could be the areas where substantial academic work can be undertaken. We would like to indicate in our future studies an optimal model for managing fore reserves.  
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