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CHAPTER 1 

INTRODUCTION 

1.1. Exchange Rate Management in India since Independence 

- A Brief Review 

India's foreign exchange market management after independence may be viewed in line with 

the paradigm shift in exchange rate regime - a par value system to a basket-peg and further 

to a managed float exchange rate system. In the early phase 194 7 - 1971, India followed 

the Par Value System of exchange rate. Under this Par Value System, the external value of 

Indian rupee was fixed (at 4.15 grains of fine gold). Reserve Bank of India maintained the 

Par Value within the permitted margin ± 1% with pound starling as the intervention 

currency. However, the devaluation ofRupee in September, 1949 and June, 1966 in terms of 

gold resulted in the reduction of the par value of Rupee. But, during 1966 to 1971 the 

exchange rate of Rupee was remain unchanged. 

After the breakdown of the Bretton Woods System in 1971, the most important events in the 

history of international economics was the replacement of fixed exchange rate system and 

the adoption of flexible exchange rate system instead. Since then world wide exchange rate 

policy posed a series challenge. In December 1971, the Indian rupee was linked to Pound 

Starling. In this period, value of Starling was fixed in terms of US dollar under Smithsonian 

Agreement of 1971 and, therefore, the value of rupee was also stable against dollar. 

However, Reserve Bank authority had realized weaknesses associated with 'single currency 

peg'. In September 1975, value of rupee was pegged to a basket of currencies. Selections of 

currencies in the basket as well as their relative weights were kept confidential in order to 

remove speculation of exchange rate. 

The regime of the Pegged Exchange Rate System was closed in the year 1991 with a two

dose depreciation of exchange rate in July 1st and 3rd, 1991. India moved towards the Market 

Determined Exchange Rate System following the recommendations of the committee on 



Balance of Payments (Chairman, Dr. C. Rangarajan). Liberalized Exchange Rate 

Management System (LERMS) was put in place (of Pegged Exchange Rate System) in 

March 1992. Under LERMS, initially a dual exchange rate system was followed. Under this 

system, all foreign exchange receipts of current account transactions were required to be 

surrendered to the Authorized Dealers for conversion into domestic currency. 60% of the 

proceeds of these transactions were converted at the market rate quoted by the Authorized 

Dealers. Remaining 40% of the proceeds were converted at the Reserve Bank's official rate. 

The Authorized Dealers, in turn, were required to surrender these 40% of their purchase of 

the foreign currencies to the Reserve Bank. They were free to retain the balance 60% of 

foreign exchange for selling in the free market for permissible transactions. 

The Dual Exchange Rate System was replaced by a Unified Exchange Rate System in 

March 1993. Restrictions on current account transactions were relaxed. The unification of 

the exchange rate of the Indian Rupee was an important step towards current account 

convertibility, which was finally achieved finally in August 1994. With the rupee becoming 

fully convertible on all current transactions, the risk-bearing capacity of banks increased and 

foreign exchange trading volumes started rising. 

The main objective of exchange rate policy in the post-reform period has been widening and 

deepening the foreign exchange market and liberalization of exchange control regime. It was 

aimed that, exchange rate policies together with trade policies and industrial policies should 

form as an integrated policy framework to improve the overall productivity, competitiveness 

and efficiency of the economic system, in general, and the external sector, in particular. 

1.2 Phenomenon of Excess Variability of Rupee/Dollar Exchange Rate 

India has been experiencing, since the early phase of 1970's, spell of depreciation of Rupee 

against major currencies like Dollar. The rate of depreciation, however, displayed variation 

over the period. However, such depreciation became spectacular since recent past, when 

India went through many changes in financial system. Since 1991, there have been 

significant changes in the exchange rate policy. After having devaluation of rupee twice in 

1991 the economy gradually moved to a floating exchange rate system in 1993. The current 
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account convertibility made Rupee/Dollar exchange rate more flexible. These can be shown 

in terms of the following tables. 

Regimes 

Variability 
Indicators 

so 
CV(%) 

Skewness 
Kourtosis 

JB 

Table 1.1 
Variability Indicators 

Sample Period 1975(!)- 2006(IV) 

Variability Exchange Money Supply M1 
('00 Billions of Indicators Rate 

Rs.) 
so 15.236 20.857 

CV(%) 60.87 113.69 
Skewness 0.270 1.424 
Kourtosis 1.403 4.256 

JB 15.153 51.683 
Source: Author's Calculation Based on RBI Dataset 

Table 1.2 
Variability Indicators 

Regime of Basket Peg Regime of Market Determined 
1975(I) -1991(!) 1991 (II) - 2006(IV) 

Exchange Money Supply M1 Exchange 
Money Supply M1 

('00 Billions of 
Rate ('00 Billions ofRs.) Rate 

Rs)_ 
3.189 2.292 7.833 20.388 
28.53 66.55 20.07 61.16 
0.904 0.815 -0.614 0.887 
2.786 2.614 2.225 2.907 
8.986 7.613 5.633 8.429 
Source: Author's Calculation Based on RBI Dataset 

Table 1.1 depicts exchange rate variability measured in terms of Coefficient of Variation 

(CV) during the period 1975(I) - 2006(N), which was 60.87%. At the same time, the 

variability of monetary base in India, the M1 money supply, was 113.69%. These 

observations revealed the fact that the monetary base was more variable compared to the 

variability of exchange rate. 

Table 1.2, shows the variability of the series concerned, measured in terms of the parameters 

such as standard deviation, CV, Skewness, Kurtosis, etc. for the two exchange rate regimes 

that India has been following, namely the Basket Peg System of Exchange Rate ranging from 
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the period 1975 to April, 1991 and Market determined System of Exchange Rate thereafter. 

From the Table 1.2 it is clear that during the period of Basket Peg Exchange Rate System in 

India, variability of Rupee/Dollar exchange rate and monetary base were respectively 

28.53% and 66.55%. It indicates that, the variability of M1 money supply was higher in the 

Basket Peg Exchange Rate regime of exchange rate. 

However, since April, 1991 when India has been following the fully flexible market 

determined exchange rate, the variability of the exchange rate reduced from 28.53% to 

20.07% measured in terms of CV. Several reasons can be posed in favor of this exchange 

rate stabilization in the post 1991 period. The replacement of FERA by FEMA and opening 

up of the economy attracted huge inflow of foreign capital, both in terms of FDI and FII 

which helped the exchange rate to stabilize. The adaptation of fully flexible exchange rate 

regime in the nineties and the integration of financial markets with world financial market 

during 1990s have made the exchange rates an important formation for understanding 

financial aggregates in India. The volatility of Rupee/Dollar exchange rate has excited the 

imagination of the economists. They have sought to explain several features of the variation 

in Rupee/Dollar exchange rate. 

First, it has become a matter of interest to enquire how far depreciation of Indian currency is 

due to variation in money supply. Money supply in India has also been found to describe a 

steady increase over the last three decades since 1970. Again exchange rate depreciation has 

also been experienced in 1970's. This leads to an ipso facto correlation between increase in 

money supply and depreciation of Rupee. It, therefore, becomes pertinent to consider if there 

is any causal relationship between variation in Rupee/Dollar exchange rate and that in 

money supply. 

' Second, there is a confusion regarding the nature of variation in Rupee/Dollar exchange 

rates. One may wonder if such steady spell of depreciation of Rupee exhibits a dynamic path 

of adjustment to long-run equilibrium. Some economists hold that this spell of depreciation 

basically exhibits a movement towards equilibrium. However, some other economists are 

skeptical about such interest equilibrium movement. They, on the other hand, hold that 

volatility of Rupee/Dollar exchange rate displays the existence of disequilibrium. They hold 

such volatility in Rupee/Dollar exchange rate basically exhibits a continuous movement 
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everyday from the long-run equilibrium i.e., the Purchasing Power Parity Level. So the 

Rupee/Dollar exchange rate variations, according to them, display a long persisting case of 

disequilibrium. 

The second issue has been termed as 'Overshooting or Undershooting' phenomenon in 

International Economics. Variations of exchange rate have been found to conform to long

run equilibrium if such variations entail 'Overshooting'. On the other hand, 'Undershooting' 

variety of exchange rate variation is found to display movements away from disequilibrium. 

So the immediate concern for the volatility in Rupee/Dollar exchange rate is whether such 

variations display 'Overshooting' or 'Undershooting'. 

1.3 Theoretical Developments of Exchange Rate Since 1970s 

Flexible exchange rate system replaced the fixed exchange rate system in 1970s. 

Consequently, attention of economists was diverted from Balance of Payments to Exchange 

Rate. Variability of the major world currencies in the early seventies initiated the economists 

with the determination of exchange rate and explanation of the variations in it. 

Consequently, international economics, over the last three decades, saw the growth of 

plethora of economic theories on exchange rate. On the other hand, the consideration about 

the dynamic adjustment ofbalance of payments has been relegated to the background. 

Several economic theories of exchange rate like Purchasing Power Parity Theory, Covered 

Interest Arbitrage Theory, and Portfolio Balance Approach, Asset Market Model, Currency 

Substitution Theory, and Monetary Approaches to Exchange Rate (MAER) Theory have 

gained Currency of late. Renewed interest in Purchasing Power Parity theory has provoked 

serious attention of economists in determining the effects of monetary shock on exchange 

rate variation. 

However, MAER Theory has emerged as the most popular one among the economists for 

explaining the 'transmission' mechanism of money supply leading to variation in exchange 

rate. Similarly, Dornbush Model is considered to be the most appropriate one for explaining 

'excess variability' or 'overshooting' of exchange rates. These two theories are being 

considered below. 
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1.4 Monetary Approach to Exchange Rate (MAER) Determination 

Let us conceder an open economy where the demand for money is 

L=kPY 

where, L = Demand for money 

P = Domestic price level 

Y = Real income 

k = Constant Function indicating how money demand 

will change given a change in P or Y. 

(1.1) 

Equation ( 1.1) is often stated as 'money demand is a function of price and income '. 

A strong assumption of the monetary approach is that there is a stable demand for money. 

This means that the relationship among money demand, income and prices does not change 

significantly over time. 

Now the money supply relationship can be written as 

M=R+D (1.2) 

where, M = money supply 

R = international reserves 

D = domestic credit 

The law of one price indicates that P = E P f (1.3) 

Where, P == domestic price level 

E = domestic currency price of foreign currency 

P f = foreign price level. 

Equilibrium in the money market is obtained when money demand equals money supply 

L=M (1.4) 

Now substituting equation ( 1.3) into ( 1.1) we get 
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(1.5) 

Substituting equations ( 1.2) and ( 1.5) into equation ( 1.4) we obtain 

(1.6) 

Now differentiating with respect to 'time' we have 

• • • • 
E+p1 +Y=R+D (1.7) 

where dot ( • ) over a variable indicates percentage change. 

From equation ( 1. 7), by rearranging, we get 

• • • • 
R-E=p

1
+Y-D (1.8) 

This indicates that percentage change in reserves (the balance of payments) minus the 

percentage change in exchange rate is equal to the foreign inflation rate plus the percentage 

growth of real income minus the percentage change in domestic credit. 

Under Fixed Exchange Rate System 

• 
With fixed exchange rate, E = 0 , and we have the Monetary Approach Balance of Payments 

(MABP). 

(1.9) 

Therefore, with fixed exchange rate, a percentage increase in domestic credit, given constant 

prices and income, will lead to a percentage decrease in international reserves. This means 

that, following central bank's expansion of domestic credit and creation of an excess supply 

of money, there will be a bigger balance of payments deficit. Conversely, a decrease in 

domestic credit would lead to an excess demand for money as money demand is unchanged 
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• • • 
for a given p 

1 
and Y . Here D is falling so that R will increases as to bring money supply 

equal to money demand. 

Under Flexible Exchange Rate System 

• 
In case of flexible exchange rates with no Central bank intervention, reserve flows R equal 

zero, where exchange rate changes are non zero. The general equation ( 1.8) is now written 

for the Monetary Approach to Exchange Rate as 

(1.10) 

With the MAER, an increase in domestic credit, given constant p 
1 

and Y, will result in a 

• • • 
depreciation ofthe domestic currency. D and E both have negative signs. Thus, if D 

• • 
increases. E will also increase. Since E is domestic currency unit for foreign currency 

• 
units, an increase in E means that domestic currency is either appreciating at a slower rate 

or depreciating at a faster rate. Under the MAER, domestic monetary policy will not cause 

flow of money internationally but will lead to exchange rate changes. 

1.5 Two Country Monetary Model for Exchange Rate 

Importance of money supply in the determinations of exchange rate has been amply 

explained by the 'Two Country Monetary Model'. In this model demand for money function 

is constituted by the Cambridge Quantity Equation such that 

Md=kPY, k>O (1.11) 

For the domestic and foreign countries the equations are respectively 

(1.12) 

(1.13) 
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Equilibrium in the money markets in both the countries required that 

and 

M s_Md 
h- h 

M s_Md 
f- f 

Consequently, we have 

From equation ( 1.19) and ( 1.20) we obtain 

Mh kh Ph Yh --=---
Mj k1 PJ YJ 

Mh _ kh E Y1 ---- -
Mj k1 Yh 

:.E= k1 Mh Y1 
kh Mj Yh 

where E is the home currency price of one unit of foreign currency. 

Taking log on both sides, we get 

logE= log k 1 -log k h +log Mh -log Mj +logY 1 -logY h 

Differentiating with respect to time, we have 

The equation (I .22) indicates that 

(1.14) 

( 1.15) 

(1.16) 

(1.7) 

( 1.18) 

( 1.19) 

(1.20) 

(1.21) 

(1.22) 

(i) a rise in the growth rate of domestic money supply leads a proportional rise in the 

depreciation rate ofthe domestic currency. 
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(ii) rise in the growth rate of foreign money supply reduces depreciation rate of the 

domestic currency. 

The equation (1.22) shows that at any definite period, when foreign money supply and 

growth rates in both the countries remain unchanged, exchange rate is directly related to 

domestic money supply. 

1.6 Overshooting of Exchange Rate: Dornbusch's Approach 

Dornbusch's model explaining exchange rate overshooting in response to a monetary shock 

and the time path of adjustment of exchange rate can be visualized with the precise sequence 

of following events. 

Figure 1.1 
Time Path of Adjustment of Monetary Expansion 

Fig. a 
M 

110 -..------M 
100 ..... -...J 

0 t, Time 

Fig. c 
P(index) 

110 p 

100 

0 t, Time 

10 

9 

0 

Eo 

2.32 

2.00 

Fig. b 

-~ 
I 
I 
I 
I 

4 Time 

Fig. d 

=~Eo 

Time 



Panel (a) shows that money supply in the home country increases unexpectedly by 10% at 

time to. Panel (b) shows 10% unanticipated increase in money supply leads to an immediate 

decline in rate of interest from 10% to 9% (say). Panel (c) shows that 10% increase in money 

supply have no immediate effect on prices because prices are sticky in the short run for the 

inherent rigidities in the market for labor and goods. However prices will rise gradually over 

time until they are 10% higher than originally in the long run. Panel (d) shows that exchange 

rate increase because the investors shift from domestic bonds and money balances to foreign 

bonds and increase their demand for foreign currency. After initial rise, exchange rate (i.e., 

domestic currency price of foreign currency) declines over time until it reaches the PPP 

level. This demonstrates that exchange rate overshoots following a monetary impulse. 

Most of the researches explaining the variation of exchange rate has focused upon 

industrialized countries, while similar evidence in the developing economies is neglected. 

Empirical tests on these models in the context of underdeveloped countries, with depressed 

financial sector and structural rigidities, can help the researchers understand the role of 

monetary and exchange rate policies in the developing world. 

1.7 Objective of the Study 

The objective of the present study is to investigate into the nature of Rupee/Dollar exchange 

rate variation over the period of the study and to examine if the volatility of Rupee/Dollar 

exchange rate had any link with the variation in money supply in Indian economy. More 

specifically, the objectives of the study are to examine 

(i) the 'stationarity' and 'integrability' of money supply and exchange rate series 

(ii) if any long-run relationship between these variables did exist. 

(iii) if the long-run relations, in the event of its existence, were 'stable'. 

(iv) the nature ofthe causal relationship between the variables. 
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(v) the responses of these variables to different types of endogenous shocks. 

(vi) the nature of the causal relation under the 'Basket-Pegged' and 'Market 

Determination' regimes . 

• 
(vii) how far the causal relationships remain invariant under the 'frequency domain' 

study. 

1.8 Chapter Specifications 

The study consists of fifteen chapters as stated below. 

Chapter 2 presents the survey of relevant literature, which provides the theoretical 

and empirical findings on the relationship between exchange rate and money supply. 

Chapter 3 deals with nature and source of data set, period of the study and methodological 

issues. 

Chapter 4 contains the enquiry into the stationarity of the relevant time series and their 

integrability. 

Chapter 5 enquires into the 'Cointegration' between Rupee/Dollar exchange rate and 

money supply. The 'Cointegration' study enables us to examine if any long-run relationship 

between the variables did exist. 

Chapter 6 presents our study on the dynamics of short-run shocks and the stability of the 

long-run relationship between the variables. 

Chapter 7 is devoted to the study of the long-run relationship between Rupee/Dollar 

exchange rate and money supply through the 'system approach' (unrestricted V AR Model) 

when 'two wcry linkage ' between the endogenous variables (exchange rate and money 

supply) is ensured. 
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Chapter 8 presents the Intervention Analysis through the Impulse Response Functions of the 

endogenous variables in the V AR model. 

Chapter 9 presents the Intervention Analysis through the Variance Decomposition of the 

endogenous variables concerned. 

Chapter 10 is devoted to the study of the nature of causality between exchange rate and 

money supply through the restricted V AR Model. 

Chapter 11 presents the Spectral Analysis for the confirmation of the nature of Granger 

Causality the variables concerned. Time Domain analysis is being supplemented through the 

Frequency Domain study. 

Chapter 12 contains our study under the 'Pegged Exchange Rate Regime'. 

Chapter 13 presents our study under the 'Market Determined System ' of exchange rate. 

Chapter 14 is provides the theoretical explanations ofthe findings in Chapters 12 and 13. 

Chapter 15 presents the Summary, Conclusions and Policy Implications of the study. 
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CHAPTER2 

REVIEW OF LITERATURE 

Since 1970's there has been significant growth of literature on 'overshooting' and 

'undershooting' issues. Dornbusch (1976) introduces an interesting model to explain 

exchange rate dynamics in response to an economic disturbance. The model has several 

features. First, capital is assumed to be perfectly mobile. Second, perfect foresight version of 

rational expectations has been used. Third, the asset market is assumed to clear instantly 

while the goods market does not. Asset market bears the initial impact burden of adjustment. 

Price level adjusts to excess demand for domestic goods sluggishly. So domestic interest 

rates change in response to change in money supply and this in tum leads to a change in 

exchange rate. Finally, the model is designed to examine the response to exchange rate to an 

unanticipated shock. 

An initial increase in money supply leads to a fall in interest rate. Under perfect capital 

mobility this results in outflow of capital and deterioration in capital market. Exchange rate 

depreciates i.e., spot rate rises immediately. The entire adjustment is made by the asset 

market but price level in the commodity market remains sticky in the short-run. However, 

with the passage of time, prices begin to rise and real balances fall. So demand for money 

rises. Consequently, rate of interest rises and spot exchange· rate falls. Thus an increase in 

money supply leads to a proportionately larger once-and-for all depreciation of exchange 

rate in the short-run. It is followed by an exchange rate appreciation throughout the rest of 

the adjustment process. Consequently, 'overshooting' becomes the general phenomenon in 

case of exchange rate variation following increase in money supply. 

Extent of 'overshooting' in the Dornbusch Model depends on interest elasticity of money 

demand, variability of output level and expectations coefficient associated with spot rate and 

·Spot exchange rate means the domestic currency price of one unit of foreign currency. 

14 



long-run exchange rates. The greater the expectations coefficient and higher the interest 

elasticity of demand for money, the lower was the extent of 'overshooting'. Again the 

greater the output response to changes in aggregate demand, the lower will be the fall in 

interest rate needed to clear the asset market. The outflow of capital will be less and the 

resulting initial depreciation of exchange ate will be lower. So the extent of 'overshooting' is 

reduced by the variability of output level. 

Kouri (1976) examines dynamic stability of exchange rate adjustment process under 

alternative assumptions. In case of myopic perfect foresight, there arise a number of 

possibilities like hyper-deflation and hyperinflation. Under perfect foresight speculators 

anticipate that hyper deflation will fail to continue when foreign assets run out. This prevents 

the occurrence of hyper-deflation. In case of hyperinflation, speculators with perfect 

foresight get rid of currency above the minimum level of real balance necessary for carrying 

out transactions. The end of hyperinflation is anticipated. Consequently, in the long-run 

exchange rate equals the purchasing power parity (PPP) rate. Thus an increase in money 

supply causes a fall in exchange rate because of an instantaneous fall in interest rate. But 

exchange rate must rise over time to be at par with the PPP rate. 

Frenkel (1976) finds strong evidence in support of the Flexible Price Monetary Model 

(FPMM) for the German Mark-US dollar exchange rate during the German hyperinflation 

of the 1920s. In this study, Frenkel took Mark-Dollar nominal exchange rate, German money 

supply and forward premium. Frenkel ignored relative income movements since they are 

swamped in magnitude by movements in the German money supply. For the same reason, he 

ignores movements in the US money supply. He regressed the logarithm of the nominal 

exchange rate into the logarithm of the German money supply and the logarithm of the 

forward premium. He found an estimated coefficient on the money demand variable close to 

unity (0.975) and a positive estimated coefficient on the forward premium. He, therefore, 

takes this as strongly supportive of the Flexible Price Monetary Model. In retrospect, of 

course, it is clear that allowance should have been made for the nonstationarity of the time 
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series under conditions of hyperinflation, although Frankel's estimated equations might be 

reinterpreted as a cointegrating relationship. 

Calvo and Rodriguez (1977) developed the 'Currency Substitution Model' in order to 

examine the overshooting of exchange rate. If money supply leads to currency substitution in 

order to maintain the 'Portfolio Balance' which leads to depreciation of currency along with 

rise in domestic inflation. But it is observed that rate of depreciation of domestic inflation. 

Thus, over the period of transition, exchange rate changes by more than overall price level. 

Bilson (1978) tests the Flexible Price Monetary Model for the German Mark-UK Pound 

exchange rate over the period from January 1972 to April 1976. In his study domestic and 

foreign money supply were used and forward premium was substituted for the expected rate 

of exchange rate depreciation. Theil-Goldberger Mixed Estimation Procedure was applied 

for accounting problem like multicollinearity. Bilson derives an equilibrium exchange rate 

equation which was strongly supportive of the Flexible Price Monetary Model. 

Hodrick (1978) enquires into the Flexible Price Monetary Model for the US dollar-German 

Mark and the UK Pound-US dollar exchange rate time series over the period July 1972 to 

June 1975. His results provided very strong support ofthe Flexible Price Monetary Model. 

Beyond the late 1970's, the Flexible Price Monetary Model failed to provide good support in 

favor of the determinations and variations of exchange rates. In many cases the estimated 

equations showed very poor fits for data and exhibited incorrect results (Taylor, 1995). For 

example, findings from studies involving US Dollar-Mark exchange rate, German money 

supply showed that an increase in German's money supply leads to an appreciation of the 

exchange rate in the period of recent float. These findings are completely opposite the 

conventional theories of exchange rate determination. Frankel (1982a) called this the 

'mystery of the multiplying marks'. Some authors sought to explain this breakdown on the 

ground of econometric misspecification. Others argued differently that large current account 
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deficits or surpluses during the period generated important 'wealth effect' which are not 

adequately captured by the simple monetary model. 

Putnam and Woodbury (1980) examined the Flexible Price Monetary Model for the 

sterling-dollar exchange rate. They took the data set for the period 1972 - 1974. They found 

all of the coefficients significant at the 5% nominal level. The money supply term was, 

however, significantly different from unity. 

Frenkel and Rodriguez (1982) hold that degree of capital mobility becomes the sole factor 

behind the occurrence of 'Overshooting' or 'Undershooting'. More specifically, they hold 

that 'Overshooting' occurs when capital is perfectly mobile. If, on the other hand, capital is 

imperfectly mobile, 'Undershooting' results in. 

Driskill (1981) shows that both rational expectations and non-monotonic exchange rate 

adjustment patterns may predict exchange rate 'Undershooting' rather than 'Overshooting' 

even in the presence of trade balance 'J-Curve Effect'. Driskill holds that, the more complex 

adjustment paths make it possible for exchange rate to divert from rather than moving 

towards its long-run equilibrium value. 

Most of the studies mentioned above consider money supply as an exogenous variable or at 

best random walk stochastic variable. Models in these studies were constructed in such a 

way that money supply appears to affect other variables like exchange rate, relative price 

levels, interest ratio and income. But it was not affected by the movements of these variables 

at all. Monetary policy to this effect is found to be free from the concern of the monetary 

authorities about the variation in exchange rate and I or relative price levels. However, very 

recently economists have begun to think if money supply is a function of exchange rate 

changes. 

..-'\ '"' ,.., (-.. . ) 
~- j _,0..) 
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Mussa (1981) argues that the conduct of the monetary policy has been significantly 

influenced by exchange rate movements in the United States, UK and Germany. 

Econometric studies taken by Taylor (1982) provide evidence that money in number of 

countries accommodates price movements. 

An attempt to incorporate money supply in the model as an endogenous variable has been 

undertaken by Papel (1984). Here money supply not only affects exchange rates and relative 

price levels but also it is considered to be affected by them. Monetary policy is, therefore, 

activated to take care of the variations in exchange rates and relative price movements. Such 

'activist' monetary policy, Papel holds, may significantly modify the nature of the observed 

variability of exchange rates and relative price movements. Papel considers that, in countries 

like USA, Japan, UK and Germany, monetary policies are influence by the considerations of 

the authorities about exchange rate variation and relative price movements. Consequently, 

monetary policies are so designed as to deal with the movements in these variables. He 

coined this type of monetary policy by the term 'activist'. 'Activism' here refers to the 

feature that monetary policy is geared up or activated with a view to dealing with changes in 

exchange rate and I or relative price levels. 

Meesa (1986) studied for the hypothesis of rational bubbles in the Monetary Model 

framework. Taking Dollar-Mark and Dollar-Sterling data for the period 1973 - 1982, Meesa 

estimates the following equations: 

He found consistent estimates even in the presence of bubbles. Then he estimates closed 

form solution ofthe following equation: 
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Estimates of the second equation were consistent when there were no bubbles. Meesa found 

the evidence that the two sets of parameters estimates are significantly different and, 

therefore, rejected the no-bubbles hypothesis. However he notes that this is conditional upon 

having a correct formulation of the underlying model. Hence, he actually rejected the joint 

null hypothesis of no bubbles and concluded that the Flexible Price Monetary Model was 

correct. 

Baxter and Stockman (1989) examine the time senes behavior of a number of key 

macroeconomic aggregates for forty-nine countries over the post-war period. They detect 

evidence of higher real exchange rate variability under flexible exchange rates than under 

pegged nominal exchange rate regimes. Yet Baxter and Stockman find no systematic 

differences in the behavior of the macroeconomic aggregates under alternative exchange rate 

arrangements. This suggests that there are speculative forces at work in the foreign exchange 

market which are not reflected in the usual menu of macroeconomic fundamentals. 

Papel (1991) reports failure to produce satisfactory estimates for the United States vs. UK. 

However, in case of Germany and Japan, he reports 'overshooting', for Marks and 

'undershooting', for Yen. He finds that German monetary policy is highly 'offsetting' while 

Japanese monetary policy is highly 'accommodative' with respect to relative price changes. 

In his paper Papel ( 1982) considers USA and Germany as trading partners. Germany is the 

domestic country while USA is the foreign country. American monetary policy is found to 

be 'accommodative ' while that of Germany is found to be 'offsetting' with respect to relative 

price changes. The paper also shows that, in the context of a model with perfect capital 

mobility and price adjustment, monetary policy that is 'accommodative' price movements 

has the potential to cause 'exchange rate undershooting'. So he concludes that 

'overshooting' is not an intrinsic characteristic of the foreign exchange market. 

Papel also observes that, for the current flexible exchange rate period, the Mark I Dollar 

exchange rate does not 'Overshoot'. GNP deflator was used as a proxy for price level. 

American monetary policy is found to be highly 'accommodative ' of prices, and Germany 
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monetary policy is sufficiently 'offietting' to cause 'Overshooting'. It, therefore, indicates 

that less 'accommodative' American monetary policy leads to 'Overshooting' of Mark I 

Dollar exchange rate. Papel holds that the sample period is too short to formally test for a 

change in the money supply rate. 

Branson, Haltturen and Masson (1987) estimated an equation for the exchange rate of 

Dollar with respect to the German Mark, Japanese Yen, French Frank and Britain Pound for 

the 1973-1979 period and found that the effect (sign) of most of the explanatory variables, 

including money supply in the model was opposite those postulated or predicted by the 

theory. 

Von den Berg and Jayanetti (1993) studied on Monetary Model of exchange rate 

determination. The study applied Johansen Procedure for studying Cointegrating 

relationship in the model. They found strong support in favor of the Monetary Model of 

exchange rate. However, for the floating period they reject the monetary model on exchange 

rate because of the lack of power of conventional cointegration tests with insufficiently large 

sample periods or number of observations. 

MacDonald and Taylor (1993, 1994), on the other hand, used Multivariate Cointegration 

Analysis and dynamic modeling techniques to a number of exchange rates for studying 

Monetary Model of exchange rate determination. They found some evidence supporting the 

Monetary Model as a long-run equilibrium towards which the exchange rate converges, 

while allowing for complex short-run dynamics. 

Me. Nown and Wallace (1994) test for Cointegration in a Flexible Price Monetary Model 

using data (currencies expressed vis-a-vis the US dollar) for three high-inflation countries, 

namely Argentina, Chile and Israel, providing further evidence in support of the monetary 

approach. Since all of the monetary models c<;>llapse to an equilibrium condition in the long 
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run, however, these tests have no power to discriminate between the alternative varieties. 

The usefulness of the Cointegration Approach suggested by these studies should, moreover, 

be taken as at most tentative; their robustness across different data periods and exchange 

rates has yet to be demonstrated. 

Flood and Rose (1995) construct a general test of excess volatility in the context of the 

monetary model. The underlying idea is to compare the volatility of the 'traditional 

fundamentals', say TF h and the volatility of the 'virtual fundamentals', VF 1. According to 

Flood and Rose, virtual fundamental is tightly related to the exchange rate and measured by. 

V Ft = e1 - a(i- /)t 

Here the traditional fundamentals are described by an equation like; 

T Ft = (m- m*)t- f3(y- y")t 

A P value corresponding to the income elasticity of money demand is required to measure 

traditional fundamentals. 

Observing the increased volatility of exchange rates under floating as opposed to fixed 

exchange rate regimes, Flood and Rose argue that any tentatively adequate exchange rate 

model should have fundamentals which are also much more volatile during floating rate 

regimes. In fact, they find little change in the volatility of economic fundamentals suggested 

by Flexible-Price or Sticky-Price Monetary Models across different nominal exchange rate 

regimes for a number of OECD exchange rates. 

In a more recent study Mark (1995) used the monetary model suggested by Meese and 

Rogoff with the modification for to include exchange rate overshooting, for the exchange 

rate of the US Dollar with respect to Canadian Dollar, Mark, Yen and Swiss Frane, for one

quarter, one-year and three-year horizons, over the 1981-1991 period. Marks model testifies 

for the effect of money supply on exchange rate along with 'Overshooting' over the period 

of study. 

21 



The Monetary Model is intuitively appealing but if clearly explains very little exchange rate 

variability. One explanation of weak relation is that exchange rates are relatively insensitive 

to the monetary fundamentals close to equilibrium values but tend to strongly revert to those 

fundamentals when the deviations are large. Taylor and Peel (2000), Taylor, Peel, and 

Sarno (2001), and Kilian and Tailor (2001) investigate the plausibility of this proposition 

with nonlinear models. 

Taylor and Peel (2000) estimate a nonlinear model of quarterly exchange rates and 

monetary fundamentals for the British Pound (GBD)/USD and DEM/USD exchange rates 

from 1973:1 to 1996:4. They, in line with Meese and Rose (1991), also argued that the 

breakdown in the empirical performance of Asset Markets Models of exchange rate 

determination may be due to the fact that the adjustment towards long-run equilibrium is 

nonlinear, which standard econometric procedures may not be able to detect. Using data on 

Dollar-Mark rates and associated monetary model fundamentals for the US and Germany 

during the recent float, Taylor and Peel find evidence of Cointegration in a static regression 

that is consistent with the monetary class of models but also report evidence of nonlinearity 

in the estimated Cointegrating residuals which are well approximated by an Exponential 

Smooth Transition Autoregressive (ESTAR) model (Granger and Terasvirta, 1993). This 

model predicts that the exchange rate change will be nearly unpredictable when the 

deviations from fundamentals is small, but will strongly revert towards those fundamentals 

when the deviation is big, The authors use this to characterized the degree of over and under 

valuation of the exchange rates during the floating exchange rates regime. Similarly, Taylor, 

Peel, and Sarno (2001) show that the same model fits real exchange rates well and explain 

deviations from PPP. 

Kilian and Taylor (2001) note that a convincing explanation for the nonlinear dynamics of 

the ESTAR model is lacking. The authors suggested a Candidate Model in which 

uncertainty about the fundamental value of the exchange rate deters agents from speculating 

against small deviations from fundamentals. Monte Carlo studies show that there is more 

predictability for plausible DGPs at the one-and two-year horizons. So long-horizons tests 
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are useful in such an environment. Further, the ESTAR model was not the true data 

generating process. Consistent with this prediction, the authors find that in-sample evidence 

of predictability from seven OECD countries increases dramatically with the forecast 

horizons. Yet, the authors are still unable to find evidence of out-of-sample predictability. 

They ascribe this to the low power of out-of-sample tests, given the short span of post

Bretton Woods data and the rarity of large departures from fundamentals during that time. 

Mark and Sui (2001) searched for long-run predictability in favour of a one period ahead 

panel regression of quarterly data on 18 exchange rates and fundamentals. The sample 

started in 1973:1 to 1997:4. Mark and Sul (2001) test for Cointegration with panel dynamics 

OLS framework and found the evidence of cointegration. This cointegration finding is used 

to construct the bootstrapped data that rectify the coefficients for persistent regressors bias 

and evaluate the statistical significance of Theil U Statistics. 

Groen (2000) and Mark and Sui (2001) sought to enquire how well the monetary models 

predicted the exchange rates. They took pooled dataset across countries. The practice of 

applying pooling data across countries assumed same Data Generating Procedures (called 

homogeneity assumptions) the data for all countries. However, if the Data Generating 

Process were different across countries, then pooling the data could lead to incorrect 

inference. Using the Mark and Sui (2001) dataset, Rapach and Wohar (2001b) first 

confirm the previous results that the monetary model fit very poorly in country-by-country 

estimation during the floating period. In contrast, however, pooled estimates do support the 

monetary model. 

lrfan Civcir (2003) examined the validity of the monetary model of exchange rate 

determination as an explanation of the Turkish Lira-Dollar exchange rate over the period 

1987:1 - 200:12. For enquiring into the long-run equilibrium relationship among exchange 

rates, monetary fundamentals and relative prices, the study applied the Johansen 

Cointegration test. The test identified the presence of single cointegrating vector which 
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support the monetary model of exchange rate determination in Lira-Dollar exchange rate 

over the period of the study. The study also applied Vector Error Correction model in order 

to find insights into the adjustment process through which the long-run equilibrium 

relationship between exchange rate and monetary fundamentals was maintained. 

Islam, M. Faizul and Mohammad S. Hasan (2006) investigated the validity of the 

monetary model of exchange rate determination of US Dollar and Japanese Yen exchange 

rates from 1974: 1 to 2003:1. They applied Johansen andJuselius (1990) Cointegration Test 

and Vector Error Correction (VEC) modeling. The study identified a unique cointregrating 

vector, which indicated a stationary long-run relationship between Dollar-Yen exchange 

rates and proximate determinants of the monetary model. The study also found some 

evidence in favour of the monetary model based on restriction tests, namely, the unit 

coefficient restriction on the US money supply and the identical coefficient of the US and 

the Japan interest rates. The VEC mod:t found that about 6.5% of the dynamic adjustment 

took place every quarter for the exchange rate to its long-run equilibrium value. The VEC 

model further corroborated a long-run causality running from the relative money supply, 

income and interest rates to the bilateral exchange rate. There was a short-run causality 

running from the one-period lagged differenced exchange rate and the Japanese interest 

rate variable. The study also found the evidence that the forecasting performance of the 

monetary model based on error correction model outperformed the random walk model at 

every forecast horizon. In short, the study broadly confirms the empirical validity of the 

monetary model as a long-run explanation ofthe nominal Dollar-Yen exchange rate. 

Nwafor C. Ferdinand (2006) examined whether the flexible price monetary model of 

exchange rate determination was consistent with the variability of the Naira-Dollar quarterly 

exchange rates from 1986: I - 2002: 4. The study applied the augmented Dickey-Fuller unit

root test for stationarity of the macro economic time series and found that the series 

concerned were nonstationary at levels. Therefore they applied Johansen-Juselius (1990) 

method of testing cointegration among the variables. On the basis of the cointegration, the 
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study concluded that flexible price monetary model of exchange rate determination was 

followed in the Naira-Dollar exchange rates over the period. 
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CHAPTER3 

DATA AND METHODOLOGY 

3.1 Nature and Period ofData Set 

The study is based on secondary data set. In this study Rupee/Dollar exchange rate, M1 

money supply in India has been used. We have used the historical dataset in this study. It is 

quarterly by nature. The period covers 1975 (I) to 2006 (IV). Specified variables are e1 and 

mtwhere 

e1 = Rupee/Dollar exchange rate, 

m1 = M1 money supply in India ('00 Billions of Rupees) 

3.2 Source of Data Set 

The time series data for Rupee/Dollar Exchange rate and M1 money supply in India have 

been used. These datasets have been collected from different Year Books of International 

Financial Statistic (IFS), published by the IMP. 

3.3 Rationale behind the Period Chosen 

The period since 1970s in economic history is made colorful by the growth of unprecedented 

events and subsequent developments of important innovative ideas. The most important 

events in the history of international economics during 1970s is the breakdown of fixed 

exchange rate system and the adoption of flexible exchange rate system instead. It is 

significant because it spelled the end of the Bretton wood system as incorporated in the IMP 

chapter. Since then several changes occurred in the realm of international economics. 

Attention of economists was diverted from balance of payments to exchange rate system. 

Economists got pre-occupied with the determination of exchange rate and explanation of its 

variations. 

However, in India the flexible exchange rate system was initiated from mid 1970s. Since 

then the relevance of exchange rate determination became more akin. The value of rupee in 

terms of major international currency underwent spectacular depreciations. Several models 
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explaining the variation of exchange rate were developed. These models were mainly 

developed and verified in the context on developed countries. 

3.4 Rationale behind the Use of IFS Data Set 

In this study we have opted for the IFS data-sets though the data on the relevant variables are 

available from the Reserve Bank of India Bulletins This is done because of the fact that the 

Reserve Bank of India collects detailed data which it does not release in India. It does, 

however, make these data available to World Bank and the International Monetary Fund, so 

that the foreigners with access to these institutions can easily get hold of them. It is the 

common place for Indian researchers to realize that for the 'correct' data on the Indian 

economy, whether it is the state of the external and internal debt, and actual payments made 

on total defense amount, one has to tum to foreign publication which use data made 

available by the Indian Government. This has motivated our choice of the IFS as the source 

of data set for our present study. [Ref. The Front Line, July 20, August 1991, Vol. 8 No. 15, 

ppll]. 

3.5 Rationale Behind The Use ofM1 Money Supply 

The Reserve Bank of India controls the money supply by altering base money which 

consists of currency plus commercial bank reserves held against deposits. As base money 

changes, Increases in base money tend to result in an expansion of the money supply 

whereas decreases in base money tend to contract the money supply for MABP and MAER 

purposes, it is useful to divide base money into domestic and international components. 

The domestic component of base money is called domestic credit, where the reminder is 

made up of international resources (money items that can be used to settle international 

dept, primarily foreign exchange) at home affect base money and then money supply. For 

instance, if an Indian exporter receives payments in foreign currency, this payment will be 

presented to an Indian Commercial Bank to be converted into reserves and deposited in the 

exporter's account. If the commercial bank has no use for the foreign currency, the bank will 

exchange the foreign currency for dollars with the RBI. The RBI creates new money to buy 

the foreign currency by increasing the commercial bank's reserve deposit with the RBI. 

Thus, the RBI is accumulating international reserves, and this reserve accumulation brings 
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about an expansion of base money. In the case of an excess supply of money at home, either 

domestic credit fa1ls to reduce base money, or else international reserves will fall in order to 

lower base money to the desired level. In our study the effects of money supply on exchange 

rate one being examined. Consequently, the study involves the use of base money to capture 

money supply in Indian Economy over the period of study. 

3.6 Methodological Issues: Stationarity Test 

The study involves the use of time series data. These series are not deterministic variables. 

They share some stochastic properties. Charles. R. Nelson and C.I. Plosser (1982) hold that 

macro-economic time series usually behave like random walks. These series are not 'trend 

reverting.' Consequently, these variables do not tend to revert back to a long-run trend after 

a shock. In such case, standard regression with non-stationary data makes all regression 

coefficients misleading and, therefore, leads to spurious relationships with erroneous 

conclusions. It, therefore, becomes pertinent to enquire into the nature of the stochastic 

processes of the macroeconomic time series like government expenditures and government 

revenues in countries concerned 

Stationarity of the time series data on Rupee/Dollar exchange rate and money supply has 

been enquired through Unit-Root tests like Augmented Dickey Fuller (ADF) and Philips

Perron (PP) unit root tests. 

The results of unit-root tests are very sensitive with the included assumptions about the time 

series, such as trend or intercept or both trend and intercept etc. Therefore, to confirm about 

the nature of the underlying series, we can plot them graphically and can find the particular 

nature (at levels and after differencing). 

3.6.1 Test of Stationarity: Augmented Dickey-Fuller (ADF) Test 

For testing the presence of Unit Roots in the time series dataset, Dickey and Fuller have 

developed this test. The methodology of ADF test is explained below: 

For the time series E1 , the ADF unit root test can be done with the following three 

assumptions: 
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(i) the macro-economic variable (Et) can follow random walk with a drift and 

having a stochastic trend, 

(ii) Et can follow random walk with drift but without having any stochastic trend, 

(iii) Et can follow random walk without any drift and stochastic trend, 

Now, for the first assumption, the relevant equation for the ADF test is: 

m 

11 Et=at+ f3 t + r 1 Et-1 + oli Ll1 E1-1 + s11 (3.1) 
1=1 

For the second assumption, the ADF test equation is: 

m 

I1Et=a2+r2Et-I + o2;LI1E1-1 + s 21 i=1 I 

(3.2) 

But if we take the third assumption, the estimable equation will take the form: 

m 

11 Et = r3E1-1 + o31 :L11Et-1 + s3t 
i=1 I 

(3.3) 

The number of lagged difference terms (m) in the test equations (3. 1) - (3.3) is often 

determined empirically. It should be included in such a way thats 11 , s 21 and s 31 becomes 

serially uncorrelated. 

3.6.2 Test of Stationarity: Phillips-Perron Unit Root Test 

The second motivation for alternative unit root test statistic is to allow for disturbance 

processes,' s 1 ',which are not~ N i i d (O,a; ). Philips (1987), Philips and Perron, (1988), 

generalized the OF test to situations where the 's1 ' are serially correlated, other than by 

augmenting the initial regression with lagged dependent variables as in the ADF procedure. 

The regression equation for the Philips-Perron (PP) test defines an AR ( 1) process: 
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The correction is nonparametric since we use an estimate of the spectrum of '&1 'at 

frequency zero that is robust to heteroskedasticity and autocorrelation of unknown form. 

Here we use the Newey- West heteroskedasticity autocorrelation consistent estimate: 

2 q ( j ) (J) =ro +2I 1--- r1 , 
j=l q + 1 

where, q is the function lag. The Philips-Perron t-statistic is computed as: 

The asymptotic distribution of the PP t-statistic is the same as the ADF 't' -statistic. As with 

the ADF test, here also we have to specify whether to include a constant, a constant and 

linear trend, or neither in the test regression. For the PP test, we also have to specify the 

truncation lag q for the Newey-West correction, that is, the number of periods of serial 

correlation to include. The truncation lag, q, can be calculated as: 

Q = floor[4(T 1100)219
] 

This is based solely on the number of observations used in the test regression. We may, of 

course, specify any integer. 

3.6.3 Test of Stationarity: The Correlogram Analysis 

The random walk process for the time series implies non-stationarity in the sense that the 

series has been growing over time so that mean and other moments of the series are time 

dependent. The confirmation of the existence of non-stationarity in any series requires that 

the plots of Autocorrelation Function (ACF) and Partial Autocorrelation Function (PACF) 

be examined. Graphical presentation of Autocorrelation Functions (ACF) and Partial 

Autocorrelation Functions (PACF) of different lags with corresponding Q-statistic is called 

Correlogram. Therefore, Correlogram test is a simple test of stationarity, which is based on 

the Autocorrelation Function (ACF) and Partial Autocorrelation Functions (PACF). 

The Correlograms of the stationary and the non-stationary time series have some 

distinguishing features. If in any Correlogram the autocorrelation coefficients start from a 
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very high level and decline very slowly towards zero as the lags lengthen, we can conclude 

that the time series in question is non-stationary and it follows a random walk process. So in 

case of non-stationary time series we see that solid spikes of the initial lags are very large 

and these decline very slowly. On the other hand, in case of stationary series the 

Correlogram has only few solid spikes at lower lags. Thus stationarity of the variables can 

be confirmed by examining the Correlograms of the time series concerned. 

3. 7 Cointegration: Meaning and Relevance 

Random walks process attains stationarity after differencing. If a test fails to reject the 

hypothesis of a random walk, one can difference the series before using them in regression. 

Since many economic times series follow random walks, variables are subject to first 

differencing before using them in a regression. 

However, differencing the data has a cost. The cost arises from the fact that differencing may 

result is a loss of information about the long-run relationship between variables concerned. 

This occurs because the models, estimated with differenced data, do not have a long-run 

solution. Moreover, the level of a variable and its first difference will typically be very 

different in terms of mean, variance etc. The theory of Cointegration, therefore, may be used 

as a diagnostic for linear regression. 

Engle and Granger ( 1987) hold that non-stationary random walk time series data can still be 

used for the study of long-run equilibrium relationship among the variables concerned, 

provided that the variables are Cointegrated. In many cases two or more variables follow 

random walk processes but the linear combinations of these variables are found to be 

stationary. If this be the case, then these variables are called Cointegrated variables. 

Cointegration provides a method for eliminating the cost of differencing by retaining terms 

in levels but only in linear combination, which are stationary. 

The justification of the Cointegration study is that in equilibrium relationship of a set of 

variables, the individual variables cannot move independently. Therefore, equilibrium 

relationship among a set of non-stationary variables implies that their stochastic trends must 

be linked. This linkage among the stochastic trends indicates that the variables are 

cointegrated. 
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Again, when the trends of Cointegrating variables are linked, the dynamic paths of the 

variables are also linked. The dynamic path of the relationship must bear some relation to the 

current deviation from the equilibrium relationship. The connection between the change in a 

variable and the deviation from equilibrium needs to be examined in detail. 

3. 7.1 Methods of Cointegration 

Cointegration among the macro-economic time series is studied by applying different 

methods, namely, 

(i) Engle-Granger Two-Step Method, and 

(ii) Johansen Method. 

3.7.2 Engle-Granger Method ofCointegration 

Engle-Granger Method of Cointegration study involvt>s two steps of estimation as given 

below 

(i) Let there be three non-stationary variables, e" and m" Then in the first step, one variable 

is regressed on the others such that: 

(3.4) 

(3.5) 

From the equation (3.4) and (3.5) the residuals are obtained such that 

(3.6) 

(3.7) 

where, u11 and u21 are white noise error terms. 

(ii) In the second step stationarity of the residuals 1\ and 1\ is examined. If et, ft and fit are 
Uit U2r 

Co integrated, any linear combination of these variables would generate stationary residuals. 

For the purpose of testing stationarity, Augmented Dickey Fuller (ADF) Test, Phillips

Perron Test etc. may be applied. Again, the stationarity of the residuals can be confirmed 

through the examination of their Correlograms. 
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(iii) If residuals ( 1\ and 1\ ) exhibit random walk, the time series are subject to filtering 
Uit Uzt 

like differencing. 

(iv) The cointegration equation has to be re-estimated through the use of filtered (first 

differenced) data. For example, if Et, F1 and M1 be the filtered series, then the estimable 

equations are 

(3.8) 

(3.9) 

(vi) Residuals of there-equation are 

(3.10) 

(3.11) 

The residuals again are subject to ADF, PP test for ascertaining if the residuals are white 

noise. Again the stationarity of residuals can be confirmed through Correlogram. 

These procedures have to be repeated until the residuals of the estimated equation are free 

from random walk. Thus the order of Cointegration will be determined. 

3.7.3 Johansen Cointegration Test 

Both the Johansen (1988) and the Stock and Watson (1988) methodologies rely heavily on 

the relationship between the rank of the matrix and the characteristic roots. The Johansen 

cointegration test equation is presented below: 

p-I 

Llxt = /3 + n Xt-I + L7l';ilxl-i + Bt 
i=l 

(3.12) 

where, f3 is the vector of constants, x1 is the m dimensional vector of variables, (i.e., Eh Rt 

in our analysis), p is the number of lags, £
1 

is the error vector, which is multivariate 

p p 

normal and independent across observations. 1r = -(1- LAi) and 7l'i =- L AJ. 
i=l J=i+l 
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Here, the rank of the matrix 7r is equal to the number of independent co-integrating vectors. 

Specifically, 

If 1r =0, the matrix is null and is the usual VAR model in first differences. 

If 7r is of rank n, the vector process is stationary. 

If 7l"=1, there is a single cointegrating vector. 

If 1 < 7r < n, there are multiple cointegrating vector. 

To show this, suppose we obtained the matrix 7l" and ordered the n characteristic roots 

A1, A2 , •••••. , Ak such that A1) A2) ••••• An. If the variables in x, are not Co integrated, the rank of 

7l" is zero and all of these characteristic roots will be zero. Since Log(l) = 0 each of the 

expressions Log (I- AJ will equal zero if the variables are not Cointegrated. Similarly, if the 

rank of 7l" is unity, 0( /L (1, so the expression Log(I- A1) will be negative and the other 

At = 0 , so that Log(l- A2) = Log(l- A3) = · · ·· = Log (I- An) = 0 

Here the number of distinct cointegrating vectors can be determined by checking the 

significance of the characteristic roots of 1r. Now, the test for the number of characteristic 

roots that are significantly different from unity can be obtained using the following two test 

statistic: 

(a) The Trace Statistic, 

(b) The Max-Eigen Statistic. 

The Trace Statistic can be calculated in terms of the following expression: 

(3.13) 

On the other hand, the Max-Eigen Statistic can be calculated as 

Amax (r,r + 1) = -TLog(l- ~ ) 
/l,r+l 

(3.14) 
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where, ~;=the estimated values of the characteristic roots (i.e., Eigenvalues) obtained from 

the estimated 7r matrix, T = the number of unstable observations. 

The 'Trace Statistic ' is used to test the null hypothesis that the number of distinct 

cointegrating vectors is less than or equal to 'r' against the general alternative. The 'Max

Eigen Statistic' test the null hypothesis that the number of cointegrating vector is 'r' against 

the alternative of (r + 1) co-integrating vectors. The critical values of the Atrace and the 

Amax statistic are calculated using the Monte Carlo approach. 

3.8 The Vector Error Correction Mechanism 

The time path of any variables is influenced by the extent of its deviations from the long-run 

equilibrium level. The Vector Error Correction (VEC) specification restricts the long-run 

behavior of the endogenous variables to converge to their co integrating relationships while 

allowing for a wide range of short-run dynamics. The cointegration term is known as the 

error correction term since the deviation from the long-run equilibrium is corrected 

gradually through a series of partial short-run adjustments. Therefore, VEC modeling gives 

important information about the short-run relationship between the cointegrated variables. 

3.9 Vector Error Correction (VEC) Model 

The Vector Error Correction (VEC) may be applied to analyze the short-run dynamics 

between two variables. Let the variables be Rupee/Dollar exchange rate ( e1) and money 

supply (m1). Then the relevant VEC equations are: 

n n 

Mt = a,+p]ZIH+/3, L.t!Et-i + ri'Ltl.M,_,+(J)t (3.15) 
1=1 i=l 

n n 

t!M, = az + Pz Zzt-1 + f3z L,tl Mt-J + Y1 L. flE,-J + 9, 
J=l )=I 

(3.16) 

where, tlE t-i =First Differenced Series ofE1 at time t-i; i = 1, 2, 3, ---, n. 

tlM1_i = First Differenced Series of M1 at time t-i; i = 1, 2, 3, ---, n. 
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The lag length (n), in estimation, are determined through AIC and SIC, and 

OJ1 - i i d N (O,a-~ ), and 

u1 - i i d N (0, a-~) 

Zit-I and 2 21 _1 are error correction terms. 

The focus of the vector error correction analysis is on the lagged Zit-I and Z 21 _1 terms. 

These lagged terms are the residuals from the previously estimated cointegrating equations. 

In the present case the residuals from two lag specifications of the cointegrating equations 

have been used in the vector error correction estimates. These Z 11-1 and Z 21_1 terms 

provide an explanation of short-run deviations from the long-run equilibrium for the test 

equations above. Lagging these terms means that disturbance of the last period impacts upon 

the current time period. In general, finding a statistically insignificant coefficient of the 2 11 _1 , 

z 21 _1 terms imply that the system under investigation is in the short- run equilibrium. If the 

coefficient of z,t-1 and z 21 _1 terms are found to be statistically significant, then the system 

is in the state of the short-run disequilibrium. In such a case the sign of 2 11 _1 and 2 21 _1 

terms give an indication of the causality direction between the two test variables. 

3.10 Vector Autoregression Model (VAR) 

Christopher Sims has developed the Vector Autoregressive Model (VAR), where true 

simultaneity among a set of variables necessitates that these are to be treated on equal 

footing. There should not be any a prior distinction between endogenous and exogenous 

variables. Economic theories contain behavioral, structural, and/or reduced form 

relationships that can be incorporated into a VAR analysis. The VAR model is designed for 

forecasting of the interrelated variables by analyzing the dynamic impact of the random 

disturbances of the system. 

The model of Vector Autoregression (VAR) for the two variables £ 1 and M 1 may be 

presented through the following equations 

k k 

Et =at+ LfJli Et-i + LY!i Mt + Utt (3.17) 
i=l i=l 
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_ k k E 
M,- az + L/32iMI-i + Lr2i + Uzt 

i:;] i=1 1-1 

(3.18) 

where, Uit, u 21 are the stochastic error terms, called impulse or innovations or shocks. 

In this V AR model 

(i) The variables (like E1 and M1) must be stationary, and 

(ii) u11 and u21 must be white-noise terms. 

3.11 Selection of Lag Length for the V AR Estimation 

In the estimation of any VAR model, the selection of maximum lag length (k) is important 

since inclusion of too many lagged terms consumes degrees of freedom and problem of 

multicollinearity may arise. On the other hand, inclusion of few lags may lead to selection 

errors. 

Akaike Information Criterion (AIC), Schwartz Bayesian Criterion (SEC), Hannan-Quinn 

Criterion (HQJ, Sequential Modified LR test statistic, etc are generally used for the 

determination of optimum lag length. Another popular method has been developed by 

Enders (1995). Under this method, model has to be estimated with high lags (specific 

number depends on the nature of the underlying time series i.e., whether it is annual or 

quarterly time series etc). Then lags are to be reduced by one and carried out the estimation, 

given that estimated t-static for the coefficient of the discarded lag term involved is 

insignificant. Finally, the lag corresponding to the estimated model with maximum number 

of significant coefficients has to be undertaken for analysis. 

AIC and SEC corresponding to any lag length may be calculated as follows 

AIC =TIn (sum of squired residuals)+ 2n 

SEC= TIn (sum of squired residuals)+ n In (T) 

where, n = number of parameters estimated 

T = no of usable observations 

A distributed lag econometric model is called good fit and, therefore, valid inferences can be 

drawn from such model if AIC and SBC values obtained from the model are negative and as 
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small as possible. In other words, fit of the model improves, the AIC and SBC approach 

-00. 

Of the two criteria, the SBC has superior large sample properties. It is asymptotically 

consistent. On the other hand, AIC is biased towards selecting an over parameterized model. 

However, in small samples, the AIC can work better than SBC. 

3.12 Impulse Response Functions: Relevance 

A shock to the 'i' -th variable not only directly affects the i-th variable itself but the shock is 

also transmitted to all of the other endogenous variables through the dynamic (lag) structure 

of the VAR. An Impulse Response Function traces the effect of a one time shock to one of 

the innovations on current and future values of the endogenous variables. In other words, 

Impulse Response Function traces the response of a variable through time to an 

unanticipated change in itself or other interrelated variables. Therefore, the Impulse 

Response Function may be used in VAR system to describe the dynamic behaviors of the 

whole system with respect to shocks in the residual of the time series. 

In a linear model, the Impulse Responses are not history dependent and the magnitude of the 

shock does not alter the time profile of the responses. However, the interpretation of the 

Impulse Response Functions for a nonlinear model is not straightforward. In the nonlinear 

model Impulse Responses are history dependent. The effect of a particular shock on the time 

path of the system depends on the magnitudes of the current and the subsequent shocks. In 

this case sign of the shocks is important. 

3.13 Mathematical Exposition oflmpulse Response Functions 

Let the Vector Autoregression (VAR) model consist of following equations: 

k k 

Et = a1 + L fJu E1-1 + L YiiM1_1 + e11 
i=l i=l 

(3.19) 

k k 

Mt = a2 + :Lf32jMt-i + LY2iEt-i + e21 
i=l i=l 

(3.20) 

where, eil, e21 are the stochastic error terms, called impulse or innovations or shocks. 

Let, i = I. In this case, these equations can be written in the matrix form as: 
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(3.21) 

Now expressions of each ofE1 and Rt can also be expressed in terms of their errors, 

(3.22) 

Consequently, the V AR model is converted to Vector Moving Average (V.MA) model. 

Equation (3.22) expresses E, and M, in terms of the ei1 and e21 sequences. The vector errors 

can be written as 

-b12][8Et] 
1 8Rt 

Combining Equation (3 .19) and (3 .23 ), we have 

Now let, 

Then equation (3.24) can be written as 

or, more compactly, 
00 

Xt = Ji + Lf/J;&t-i 
i=O 

(3.23) 

-b12][e El-l] 
1 e n-1 

(3.24) 

(3.25) 

(3.26) 

The cumulative effects of one unit impulses m e Et and/or e Rt can be obtained by the 

appropriate summation of the coefficient of the Impulse Response Function. For example, 

suppose we are interested in finding the effect of e Rt on the value of Et+n . This effect will 

be ¢12 (n ). Thus after n periods, the cumulative sum of the effect of e Rt on the E, sequence 

39 



n 
is L ¢12(i). Now n approaching infinity yields the long-run multiplier. Since the Er and M1 

i=O 

sequences are assumed to be stationary, then for allj and k, i;¢~Ji) is finite 
1=0 

The four sets of coefficients¢11 (i), ¢12 
(i), ¢ 21 {i) and ¢ 22 (i) are called the IMPULSE 

RESPONSE FUNCTIONS. Plots of the coefficients of¢ Jk (i) against 'i' provides the visual 

representation of the behavior of the E1 and M1 series in response to various shocks. 

3.14 Variance Decomposition 

Impulse Response Functions trace the effects of a shock to one endogenous variable on to 

the other variables in the VAR, while Variance Decomposition separates the variations in an 

endogenous variable into some component shocks. Thus Variance Decomposition provides 

information about the relative importance of each random innovation in the matter of 

affecting the variables in the VAR. 

Unrestricted VARs are not particularly useful for short-term forecasts since they are over 

parameterized. The Forecast Error Variance Decomposition reflects the proportion of 

forecast error variance of a variable which is explained by an unanticipated change in itself 

as opposed to that proportion attributable to change in other interrelated variables. In other 

words, the Forecast Error Variance Decomposition tells us the proportion of the movement 

in a sequence due to its own shocks versus shocks of other variables. 

3.15 Long-Run Causal Relationship: Granger Causality Test 

Following Weiner, Granger (1969) has proposed the terminology that "y causes x if, given 

all values of x, past values of y help predict x. Sim extends Granger's terminology of 

causality and asserts that "the projection of y on the entire x equals the projection of y on 

current and past x 's if and only if y fails to Granger cause x ". 

Let, [;:]be a bivariate, jointly covariance stationary stochastic process, and 
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[;:] be a strictly linearly in detenninistic process with mean zero. 

Under this conditions, the bivariate version of Wold's Representation Theorem states that 

there exists a moving average representation ofthe (xi'Y) process. 

(3.27) 

00 

where, c 11 (L) = Ic11 Lk are squire summable polynomials in the lag operator L that are 
k=O 

one-sided in non-negative powers ofL. £
1 
and u1 are serially uncorrelated processes with 

E( ul' &) = 0 for all t, s. 

H 2 2 2 2 ere E( & 1 ) = (J'e and E( U1 ) = CYu 

The one step ahead predictions are given by 

Xr- P[xt I Xt-1 , ........ , Yr-1""""'] = C~1 
&, + C~2 u, 

Yr- P[y, I Y,-1 , ........ , Y,-1 ......... ] = C~ 1 
&, + C~2 u, (3.28) 

Thus &, and Ur are 'jointly fundamental for x and y". Wold's Representation Theorem 

establishes that a vector moving average is a general representation for an indeterministic 

covariance stationary vector process. This idea can be used to explain Sim's assertions. 

Let (X
1

, y) process have an autoregressive representation. Then we have a sequence of 

projections. 

[Xr] = F,.,[Xt-1] F,.,[Xt-n] [a,., Xr] I + ........ + n + 11 

Yr Yr-1 Yr-n a Yr 
(3.29) 
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where F7, Fi , ........ F~ are 2 x 2 matrics of least square coefficients and we have the 

orthogonality conditions 

E[Xt-J]r ,., 
Y . Laxt 

t-] 
a~]=[~ ~] 

forj = 1.. .... n. 

As n ~ oo, the F~ converges to p 1 for eachj. 

Then the autoregressive representation for ( X
1

, y) can be written as 

[Xt] _ i:_ F [Xt-1] [axt] 
Yt - J=l 

1 Yt-1 + ayt 

= F(L)[Xt-1] + [axt], 
Y1-1 ayt 

<>) F(L) = LF}Lj-1 
i=l 

Where, the random variables ( axt, a yt) obey the least square orthogonal 

[xl-j]r 
conditions . Laxt 

Yt- 1 

for all j ;?: 1. 

(3.30) 

(3.31) 

(3.32) 

The random variables (axt, a yt) are the one-step ahead errors in predicting ( X1, y,) for all 

past values ofx andy. 

Now the particular representation for ( x1 , y
1 

) process be 

(3.33) 

Multiplying (3.33) by A~1 we get 
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(3.34) 

[
Xt] -1[ L 2 { Xt] _1[8t] 

or, Yt = Ao A1 + A2 L + · · · ·lYt + Ao Ut 

(3.35) 

where, H(L) = A1 L + A2 L
2 + · · · · · · · 

The linear least squares projection of the [;:]process based on all lagged x's and all lagged 

y's from (3.35) is 

(3.36) 

since by construction p, _1 [ ::J ~ 0 

Thus x prediction errors and y prediction errors are contemporaneously correlated so long as 

Ao is not diagonal. 

As A~1 A(L) is lower triangular, then (3.33) can be inverted to yield the vector moving 

average representation. 

(3.37) 

where, A(L) -I = C(L) = co+ c1 L + c2 L 2 +······and C 1 being 2 x 2 matrix and c(L) is 

lower triangular. 
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Conversely, a moving average representation oflower triangular form (3.37) with & 1 and u, 

being serially uncorrelated process with E(&,u,) = Ofor all t and s, then A(L) gives the 

representation 

C(L)' [;:] ~ [;] 

where A(L) is lower triangular and one sided on the present and past when 

c(L)"1 exists. 

So Sim asserts, 'Let (x" y1) be ajointly covariance stationary, strictly indeterministic process 

with zero mean. Then {y1} fails to Granger cause { x1} if and only if there exists a vector 

moving average representation". 

(3.38) 

where & 1 and u, are serially uncorrelated process with zero mean and E( & 1 , uJ = 0 for all t 

So, Sim's (1972) causality idea is as follows: 

"Yt can be expressed as a distributed lag of current and past x 's with a disturbance process 

that is orthogonal to past, present and future x 's if and only if y does not Granger cause x ". 
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4.1 Introduction 

CHAPTER4 

STATIONARITY OF TIME SERIES 

In view of the Nelson-Plosser study ( 1982), it becomes pertinent to enquire into the nature of 

the stochastic processes of the macroeconomic time series like money supply in India and 

Rupee/Dollar exchange rate in our study. So, this chapter is devoted to examine if these 

series are random walks (stationary) series or 'Deterministic Trend Reverting' non stationary 

series. If these series display random walk process, then for finding the relationship between 

the variables, the study would require appropriate technical and theoretical adjustments. 

Specifically, the objective of this chapter is to enquire into the nature of the stochastic 

process of the time series involved our study. 

4.2 Time Plots of the Series 

Time plots of Rupee/Dollar exchange rate, M1 money supply in India are being presented 

through the Figures 4.1 - 4.2. 

Figure 4.1 

Time Plot of Rupee/Dollar Exchange Rate 

1980 1985 1990 1995 2000 2005 
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Figure 4.2 
Time Plot ofM1 Money Supply in India 

(100 Billions of Rupees) 
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4.3 Trend Analysis 

4.3.1 Nature of the Time Plot of Rupee/Dollar Exchange Rate 

It is observed from the time plot represented in Figure 4.1 that 

a) Rupee/Dollar exchange rate had increased almost steadily since 1975: I until 1982: 

IV. 

b) Since 1983(1) until 1993 (II), exchange rate has been increasing with little 

fluctuations. But these fluctuations were not regular. 

c) After 1991(11) exchange rate rises with fluctuations. These fluctuations are also not 

regular. 

During 1970's Indian monetary authority felt that multi-currency peg system was more 

satisfactory than a link with any single currency in floating exchange rate system. Since Sept 

25, 1975, the value of rupee has been linked to a basket of currencies of countries which are 

India's major trading partners. The reserve Bank oflndia kept on revising from time to time 

its rates for the purchase and sale of major currencies for spot delivery. Till 1988, in every 

quarter, exchange rate varied, but these variations were little. But spectacular variations took 

place after this period. In the wave of economic reform in 1991, RBI applied two doses of 
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devaluation of exchange rate on 151 and 3rd July 1991, which led to 22.8% depreciation of 

Rupee/Dollar exchange rate. In the post reform era, exchange rate has been fluctuating. All 

these facts account for the nature of the time plot of Rupee/Dollar exchange rate as given in 

Figure 4.1 and give us a strong feel that the Rupee/Dollar exchange rate series in India is not 

a stationary process. 

4.3.2 Nature of the Time Plot ofM1 Money Supply in India 

It is observed from the Figure 4.2 that 

M1 money supply in India exhibited exponential rise along its time path with minimal ups 

and downs over the period concerned. These observations seem to testify that money supply 

in India followed a non-stationary process. 

Economic development in India resulted in continued monetization of the economy. After 

the bank nationalization in 1969, India has been increasing money supply at higher rates. 

However there have been variations in money supply in different quarters in the same years, 

which cause the fluctuations in time series plot of money supply. Specially, after the 

initiation of the new economic policy in 1991, amplitudes of these fluctuations decreased. 

So, the time plot of the Indian money supply (M1) follows an upward rising trend. 

4.4 Test of Stationarity: Augmented Dickey-Fuller (ADF) Test 

Stationarity of Rupee/Dollar exchange rate and money supply M1 may be studied with the 

Augmented Dickey Fuller (ADF) test. The relevant ADF test equations are 

k 

!J.e, = al + /31 t + rl el-l+ O!i L !J. el-l + £11 
j;J 

k 

!J. m, :::: a2 + f3z t + r 2 mt-1 + 02; L !J. mt-1 + E2t 
i-1 

t:11 and t: 21 are white noise error terms. 
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The optimum lag (k) may be determined through Akaike Information Criterion, Schwartz 

Information Criterion, Hannan-Quinn information Criterion, etc. 

4.5 Results of ADF Tests 

The results of ADF Unit Root Tests for the presence of unit root in the series concerned are 

being presented through the Table 4.1 

Table 4.1 

Results of ADF Test on Exchange Rate and Money Supply <At level) 

Variable Null Hypothesis 
Lag ADF Test 

Prob* 
Critical Values 

lengtht statistic 1% 5% 10% 

~ has a unit root 
0 -0.075 0.94 -3.48 -2.88 -2.57 

Exogenous: Constant 

et 
e1 has a unit root 

Exogenous: Constant, 0 -1.449 0.84 -4.03 -3.44 -3.14 
Linear Trend 

m1 has a unit root 
8 1.948 0.99 -3.48 -2.88 -2.57 

Exogenous: Constant 
mt 

m1 has a unit root 
Exogenous: Constant, 4 2.326 1.00 -4.03 -3.44 -3.14 

Linear Trend 

t based on SIC, Max Lag= 12, *Mac Kinnon (1996) one-sided p-values. 

4.6 Findings From the ADF Tests (Table 4.1) 

It is observed from the ADF test results given in the Table 4.1 that 

(i) the hypothesis of 'unit roots' in e1 and m1 cannot be rejected even at I 0% level 

in the presence of the 'intercept' term and 'time' variable in the maintained 

regression equation. 

(ii) the hypothesis of 'unit roots' in e1 and m1 is accepted at 1% level in the 

presence of' intercept' term in the maintained regression equation .. 
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All these observations testify that 

a) e, and m, series have 'unit roots' and these are 'non-stationary. 

b) e, and m, series do not entail 'deterministic trend'. 

We, therefore, seek to examine if the exhibited 'non-stationarity' of the series concerned is 

due to 'structural shift'. With this end in view, the 'Phillips-Perron Unit Root Tests' have 

been performed. 

4.7 Results ofPhillips-Perron Tests 

Table 4.2 presents the results of the Phillips-Perron Unit Root Test 

Table 4.2 
Results of PP Unit Root Tests on Exchange Rate and Money Supply (At level) 

Variable Null Hypothesis 
Band PP Test 

Probt 
Critical Values 

width* statistic 1% 5% 10% 

e1 has a unit root 
4 -0.519 0.939 -3.48 -2.88 -2.57 

Exogenous: Constant 
e, 

e1 has a unit root 
Exogenous: Constant, 4 -1.580 0.795 -4.03 -3.44 -3.14 

Linear Trend 

m1 has a unit root 
6 15.73 1.00 -3.48 -2.88 -2.57 

Exogenous: Constant 
m, 

m1 has a unit root 
Exogenous: Constant, 5 8.88 1.00 -4.03 -3.44 -3.14 

Linear Trend 

* Newey-west using Bartlett kernel, t MacKinon (1996) one sided p-values. 

4.8 Findings From the Phillips-Perron Tests (Table 4.2) 

Table 4.2 shows that 

(i) the null hypothesis of 'unit roots with exogenous constant' cannot be rejected 

even at 10% level for the series e1 and m1• 
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(ii) the 'null hypotheses of unit roots' have been accepted at 1% level for~ and fit 

series at level given the exogenous 'constant' and 'linear trend' in the 

maintained regression equations. 

These observations indicate that 

(i) et and fit series are non-stationary at levels. 

(ii) non-stationarity of the series concerned is not due to the structural shift in their 

structure. 

TEST OF STATIONARITY UPON FIRST DIFFERENCEING 

4.9 Time Plots of First Difference Series 

Time Plots of first differenced series of Rupee/Dollar Exchange Rate and money supply M1 

are shown in Figures 4. 7 - 4.8. 

Figure4.7 

Time Plot of First Differenced Series of Rupee/Dollar Exchange Rate 
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Figure 4.8 

Time Plot of First Differenced Series of Money Supply (M1) 

1980 1985 1990 1995 2000 2005 

Time plots of first differenced series for~ and m1 are from 

(i) deterministic trend 

(ii) stochastic trend 

Consequently, these series depict the nature of stationarity. 

4.10 Test of Stationarity ofthe Filtered Series: ADF and PP Tests 

Stationarity of first differenced series of exchange rate and money supply M1 can be studied 

with the Augmented Dickey Fuller (ADF) test. The relevant ADF test equations are 

n 

11Et = a4 + Y4E1-1 +t54;Ll1Et-l +&4t 
I 

where, E1 = ~- ~-h M1= m1 - m1.~_ 

&41 and &51 are white noise error terms. 
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Table 4.3 
Results of ADF Unit Root Tests on E1and M1 

Variable Lag ADFTest Critical Values 
Null Hypothesis Prob* 

lengtht statistic 1% 5% 10% 

Bt has a unit root 
0 -9.54 0.00 -3.48 -2.88 -2.57 Exogenous: Constant 

Et E1 has a unit root 
Exogenous: Constant, 0 -9.51 0.00 -4.03 -3.44 -3.14 

Linear Trend 

Mt has a unit root 
7 3.56 1.00 -3.48 -2.88 -2.57 

Exogenous: Constant 

Mt M1 has a unit root 
Exogenous: Constant, 7 1.81 1.00 -4.03 -3.44 -3.14 

Linear Trend 

t based on SIC, Max Lag =12, *Mac Kinnon (1996) one-sided p-values. 

(A) It is observed from the Table 4.3 that 

(i) the hypotheses of 'unit roots' for E1 series is rejected even at 1% level in the 

presence of 'intercept' term and 'time' variable in the maintained regression 

equation. 

(ii) the hypotheses of 'unit roots' for Et series is rejected at 1% level even in the 

presence of 'intercept' term in the maintained regression equation. 

(iii) the hypotheses of 'unit roots' for M1 series is accepted even at 1% level in the 

presence of 'intercept' term and 'time' variable in the maintained regression 

equation. 

(iv) the hypotheses of 'unit roots' for M1 series is rejected at 1% level even in the 

presence of' intercept' term in the maintained regression equation. 
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All these observations confirm that 

a) E. series is stationary. 

b) Et. series is 'Differenced Stationary (DS)' and these are not 'Trend 

Stationary (TS)'. So E1 is 1(1) series. 

c) Mt series is non-stationary with 'time ' in the regression and then it follows 

'random walk'. 

We, therefore, seek to examine if the exhibited 'non-stationarity ' of the M1 series is due to 

'structural shift'. With this end in view, the 'Phillips-Ferron Unit Root Tests' have been 

performed. Results are shown in terms of the following Table 4.4. 

Table 4.4 

Results ofPP Unit Root Tests on First Differenced Series of Rupee/Dollar 
Exchange Rate and Money Supply 

Variable Null Hypothesis Band PP Test 
Probt 

Critical Values 
width* statistic 1% 5% 10% 

E1 has a unit root 
2 -9.562 0.00 -3.48 -2.88 -2.57 

Exogenous: Constant 

Et Et has a unit root 
Exogenous: Constant, 2 -9.527 0.00 -4.03 -3.44 -3.14 

Linear Trend 

M1 has a unit root 
9 -10.232 0.00 -3.48 -2.88 -2.57 

Exogenous: Constant 
Mt M1 has a unit root 

Exogenous: Constant, 9 -12.22 0.00 -4.03 -3.44 -3.14 
Linear Trend 

* Newey-west using Bartlett kernel, t MacKinon (1996) one sided p-values 

(A) It is observed from the Table 4.4 that 

a) E. and M1 series are stationary even at 1% level. 

b) non-satationarity of the M1 series is due to the structural shift in their structure. 
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c) Et and Mt series attain stationarity upon first differencing, and 

d) both E1 and Mt series are I (l ). 

4.11 Test of Stationarity: Correlogram Study 

The nature of stationarity of the ~ and m1 series has further been enquired into through the 

study of their respective Correlograms. The ACF and PACF of Rupee/Dollar exchange rate 

and money supply series at level are being presented through the Figures 4.1 and 4.2 

respectively. 

Figure4.4 
Correlogram of Rupee/Dollar Exchange Rate (At level) 

Autocorrelation Partial Correlation AC PAC Q..Stat Prob 

1 0.987 0.987 127.62 0.000 
2 0.972 -0.067 252 . .45 0.000 
3 0.958 0.010 374.62 0.000 
4 O.S.U 0.002 ~-20 0.000 
5 0.929 -0.056 610.88 0.000 
6 0.913 -O.tll6 724.51 0.000 
7 0.897 -0.039 835.39 0.000 
8 0.881 -0.019 942.99 0.000 
9 0.864 -0.034 1047.3 0.000 

10 0.844 -0.101 1147.8 0.000 
11 0.824 -0.014 1244.4 0.000 
12 0.805 0.003 1337.3 0.000 
13 0. 783 -0.078 1426.1 0.000 
14 0.762 -0.013 1510.8 0.000 
15 0.739 -0.047 1591.3 0.000 
16 0.716 -0.056 1667.4 0.000 
17 0.691 -0.044 1739.0 0.000 
18 0.665 -0.045 1805.9 0.000 
19 0.639 -0.021 1868.3 0.000 
20 0.613 -0.036 1926.2 0.000 
21 0.586 -0.019 1979.6 0.000 
22 0.559 -0.026 2028.6 0.000 
23 0.532 0.003 2073.5 0.000 
24 0.505 -0.001 2114.4 0.000 
25 0.479 -0.018 2151.4 0.000 
26 0.452 -0.002 2184.7 0.000 
27 0.426 0.012 2214.6 0.000 
28 0.400 -0.025 2241.2 0.000 
29 0.373 -0.002 2264.6 0.000 
30 0.347 -0.036 2285.1 0.000 
31 0.320 -0.015 2302.6 0.000 
32 0.293 -0.010 2317.6 0.000 
33 0.266 -0.043 2330.0 0.000 
34 0.239 -0.015 2340.1 0.000 
--~ !L;zJ:?. :Q.!W --~-~ . Q_.CD:!. 
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Figure 4.5 
Correlogram of Rupee/Dollar Exchange Rate (First Differenced Series) 

Autocorrelation Partial Correlation AC PAC Q...Stat Pmb 

1 0.126 0.126 2.0548 0.152 
2 0.062 0.047 2.5636 0.278 
3 0.075 0.063 3.3152 0.346 
4 0.007 -0.013 3.3214 0.506 
5 0.141 0.139 6.0081 0.305 
6 0.185 0.164 10.651 0.100 
7 -0.043 -0.097 10.901 0.143 
8 0.131 0.122 13.257 0.103 
9 0.106 0.074 14.816 0.096 

10 0.018 -0.020 14.860 0.137 
11 0.180 0.127 19.413 0.064 
12 0.000 -0.052 19.413 0.079 
13 -0.073 -0.089 20.189 0.091 
14 -0.031 -0.095 20.330 0.120 
15 0.053 0.079 20.736 0.1-45 
16 0.085 0.052 21.793 0.150 
17 0.013 -0.082 21.817 0.192 
18 -0.085 -0.050 22.903 0.194 
19 0.029 0.057 23.034 0.236 
20 0.071 0.055 23.813 0.251 
21 0.025 -0.008 23.907 0.298 
22 -0.100 -0.131 25.472 0.275 
23 -0.121 -0.072 27.782 0.224 
24 -0.022 0.025 27.859 0.266 
25 0.046 0.0158 28.203 0.299 
26 0.034 0.008 28.391 0.339 
27 0.165 0.176 32.860 0.202 
28 -0.101 -0.113 34.552 0.183 
29 0.061 0.121 34.983 0.205 
30 -0.041 -0.081 35.264 0.233 
31 0.002 0.009 35.265 0.273 
32 0.070 0.037 36.112 0.282 
33 -0.077 -0.089 37.143 0.284 
34 -0.088 -0.002 39.508 0.273 
-~-Jt~ .. o.~ -"'~~~ 0:1.!;!l11 

Figure 4.6 
Correlogram of Money Supply (at level) 

Autocorref.aion Partial Correlation AC PAC Q...Stat Pmb 

1 0.953 0.953 119.12 0.000 
2 0.911 0.025 228.82 0.000 
3 0.872 0.014 330.15 0.000 
4 0.828 -0.075 422.23 0.000 
5 0.790 0.037 506.65 0.000 
6 0.756 0.015 584.39 0.000 
7 0.723 0.022 656.19 0.000 
8 0.692 0.002 722.66 0.000 
9 0.660 -0.033 783.63 0.000 

10 0.633 0.034 840.15 0.000 
11 o.sos -0.012 892.35 0.000 
12 0.577 -0.027 940.05 0.000 
13 0.562 0.022 984.09 0.000 
14 0.528 0.012 1024.9 0.000 
15 0.504 -0.015 1062.3 0.000 
16 0.482 0.002 1096.9 0.000 
17 0.461 0.001 1128.8 0.000 
18 0.441 -0.003 1158.2 0.000 
19 0.419 -0.019 1185.0 0.000 
20 0.399 0.001 1209.5 0.000 
21 0.380 -0.005 1231.9 0.000 
22 0.361 0.003 1252.4 0.000 
23 0.341 -0.026 1270.8 0.000 
24 0.322 -0.006 1287.4 0.000 
25 0.303 -0.008 1302.2 0.000 
26 0.285 0.000 1315.4 0.000 
27 0.265 -0.032 1326.9 0.000 
28 0.247 0.004 1337.1 0.000 
29 0.228 -0.017 1345.8 0.000 
30 0.212 0.011 1353.5 0.000 
31 0.194 -0.026 1359.9 0.000 
32 0.176 ..0.015 1365.3 0.000 
33 0.161 0.005 1389.8 0.000 
34 0.1-46 0.001 1373.6 0.000 
~ 01~_.:-Q,~ 1~~ .1:1:~ 

55 



Figure 4.7 
Correlogram of Money Supply (First Differenced Series) 

Autocorrelation Partial Correlation AC PAC 0-Stat Prob 

1 0.247 0.247 7.9468 0.005 
2 0.218 0.167 14.151 0.001 
3 0.515 0.470 49.167 O.OOCl 
4 0.453 0.359 76.467 O.OOCl 
5 0.360 0.281 93.836 O.OOCl 
6 0.148 -0.227 96.794 O.OOCl 
7 0.270 -0.242 106.72 O.OOCl 
8 0.518 0.195 143.63 O.OOCl 
9 0.085 -0.100 144.65 O.OOCl 

10 0.133 0.023 147.13 O.OOCl 
11 0.325 0.033 162.01 O.OOCl 
12 0.276 0.121 172.84 O.OOCl 
13 o.oae -0.121 173.95 O.OOCl 
14 0.128 0.043 176.34 O.OOCl 
15 0.199 -0.085 182.12 O.OOCl 
16 0.204 -0.062 188.28 O.OOCl 
17 0.083 0.105 189.31 O.OOCl 
18 0.067 0.028 189.99 O.OOCl 
19 0.155 -0.049 193.64 O.OOCl 
20 0.209 0.112 200.30 O.OOCl 
21 0.037 0.066 200.51 O.OOCl 
22 0.043 -0.145 200.80 O.OOCl 
23 0.182 0.033 206.00 O.OOCl 
24 0.129 0.022 208.64 O.OOCl 
25 0.060 0.006 209.22 O.OOCl 
26 0.029 -0.046 209.35 O.OOCl 
27 0.122 0.058 211.78 O.OOCl 
28 0.186 0.026 217.54 O.OOCl 
29 -0.019 -0.044 217.60 O.OOCl 
30 0.020 0.011 217.66 O.OOCl 
31 0.121 -0.144 220.15 O.OOCl 
32 0.108 0.036 222.18 O.OOCl 
33 -0.017 0.002 222.23 O.OOCl 
34 -0.001 0.055 222.23 O.OOCl 

. ~ J!. tQ1 .:!L~.1. ~~'~ (IJ;gl 

4.12 Findings From the Figure 4.4 and 4.5 

(A) It is observed from the Correlogram of Rupee/Dollar exchange rate represented by the 

Figures 4.4 that 

(i) the ACF of e1 displays a dying out pattern of solid spikes as the lag length 

increases. Corresponding Q statistics are highly significant. 

(ii) the PACF contains only one significant spike at lag one while all other lags 

contain very insignificant spikes. 

All these observations confirm that Rupee/Dollar series at level is non-stationary. 

Consequently, the Correlogram of filtered series, as given by Figure 4.5, is examined. 
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(B) It is observed from the Figure 4.5 that for the filtered series of Rupee/Dollar Exchange 

Rate 

(i) the ACF is marked by the absence of any dying out pattern of spikes, 

(ii) no singular significant spike appears at lag one in ACF or in the PACF. 

All these observations confirm that the first differenced series of Rupee/Dollar Exchange 

Rate is stationary and consequently, Rupee/Dollar Exchange Rate series is I(l ). 

4.13 Findings From the Figures 4.6 and 4. 7 

(A) It is observed from the Figure 4.6 (Correlogram of money supply, M1) that 

(i) the ACF exhibits a dying out pattern of spikes. 

(ii) the PACF is marked by the presence of a singular significant spike at lag one 

with insignificant spikes at all other lags. 

These observations confirm 'non-stationarity' of the series at level. Consequently, the 

Correlogram of 'stationarity series' is considered for the confirmation of 'stationarity' of the 

series concerned. 

(B) It is observed from the Figure 4.7, which represents the Correlogram of the first 

differenced series of money supply, that 

(i) the ACF of series is free from any dying out pattern of spikes and spikes at all 

the lags are completely insignificant (at even 10% level). 

(ii) the PACF of M1 series is marked by the presence of insignificant spikes at lag 1 

through lag 33. 

These observations further confirm that 

a) M1 series is stationary and, 

b) it attains stationarity upon first differencing. Consequently, M1 money 

supply in India is 1(1 ). 

57 



These findings testify that 

(i) both the time series in our study, namely, Rupee/Dollar exchange rate (e1) and 

money supply (mJ over the periods are non-stationary series at levels and 

following random walk process, 

(ii) these series become stationary upon filtering i.e., first differencing. 

Therefore, these findings are consistent with the findings of Augmented Dickey Fuller tests 

and the Phillips-Perron unit root tests. Consequently, both the time series in our study are 

I(l) series. 
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CHAPTERS 

STUDY OF COINTEGRATION BETWEEN RUPEE/DOLLAR 
EXCHANGE RATE AND MONEY SUPPLY 

5.1 Introduction 

In our study in Chapter 4 we have found that Rupee/Dollar exchange rate and money supply 

over the periods follow random walk processes. However, these variables attain stationarity 

upon first differencing. Under these circumstances, in order to find the long-run relationship 

between these variables, it is very pertinent to test if these variables are co integrated. The 

study in this chapter is an attempt in this direction. 

5.2 Method for the study of Cointegration 

In econometric literature, the cointegration between the macro economic time series is 

studied by applying different methods. Our study involves two popularly used methods, such 

as. 

(i) Engle-Granger Two Steps Method, and 

(ii) Johansen Method. 

5.3 Engle-Granger Method of Cointegration with Level Series 

According to Engle and Granger ( 1987), variables will be co integrated when the linear 

combination of the non-stationary variables is stationary provided the series involved are 

integrated of the same order. In this study, e" and m1 are integrated of order one i.e., 1(1). 

Now the linear combinations of e" and m1 are: 

e1 =a + /3m1 + Ut (5.1) 

or, Ut = e1 -a - /3 m1 (5.2) 

m, = o +Be, +v, (5.3) 

or, v, = m, - o - () e, (5.4) 
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Now if u., v1 are stationary, i.e., 1(0), then e1 and m1 are cointegrated at level i.e., CI (1,0). 

Consequently, the cointegration between e1 and m1 are being examined through the 

estimation of Equations (5.1) and (5.3). 

5.3.1 Results of Estimation of Equations 5.1 and 5.3 

The results of estimation of the equations (5.1) and (5.3) are shown through Tables (5.1) and 

(5.2) 

Table 5.1 
Results of Estimation of Equation 5.1 

Dependent Variable: e1 

Sample (adjusted): 1975:12006:4 
Included observations: 128 (after adjusting endpoints) 

Variable Coefficient SE t-statistic Pro b. 

fit 0.628 0.033 18.98 0.00 
c 13.493 0.9181 14.69 0.00 

R2 = 0.74, Adjusted R2 =0.73, AIC = 6.958, SC = 7.002, 
F-statistic = 360.24, DW = 0.029 

Table 5.2: Results of Estimation ofEquation 5.2 
Dependent Variable: m1 

Sample (adjusted): 1975:12006:4 
Included observations: 128 (after adjusting endpoints) 

Variable Coefficient SE t-statistic Pro b. 

et 1.178 0.062 18.98 0.00 
c -11.145 1.817 -6.13 0.00 

R2 = 0.74, Adjusted R2 = 0.73, AIC = 7.58, SC = 7.63, 
F-statistic = 360.24, DW = 0.030 

5.3.2 Stationarity of Residuals 
1\ A 

Stationarity of the corresponding residuals u1 and v1 have been examined through the ADF 

and PP tests. The results of the tests are given by the Tables 5.3 and 5.4 respectively. Again 

1\ 1\ 

Figures 5.1 - 5.2 present the time plots of. u1 and v1 • 
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Figure 5.1 
1\ 

Time Plot of Residuals u1 

20,-----------------------------------------------~ 

1980 1985 1990 1995 2000 2005 

Figure 5.2 
1\ 

Time Plot of Residuals v1 

60~----------------------------------------------~ 

1980 1985 1990 1995 2000 2005 

Table 5.3 
1\ 1\ 

Results of ADF Unit Root Tests on Residuals ( u1 and v1 ) 

ADF 
Lag Critical Values Variables Null Hypothesis Test Prob* 

statistic 
Length 1% 5% 10% 

1\ 
1\ u1 has a unit root -0.78 0.82 -3.48 -2.88 -2.57 5 

Ut 
Exogenous: constant 

1\ 
1\ v1 has a unit root -0.783 0.81 -3.48 -2.88 -2.57 8 

Vt 
Exogenous: constant 

Lag Length based on SBC, Max Lag =12, *Mac Kinnon (1996) one-sided p-values. 
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Table 5.4 
1\ 1\ 

Results ofPhillips-Perron Unit Root Tests on Residuals ( u1 and v1 ) 

Variables Null Hypothesis PP Test Bandwidth Prob* 
Critical Values 

statistic 1% 5% 10% 

1\ 

1\ u1 has a unit root 
Ut Exogenous: -0.043 8 0.95 -3.48 -2.88 -2.57 

constant 
1\ 

1\ v1 has a unit root 
Vt Exogenous: 2.87 7 -3.48 -2.88 -2.57 

constant 
*MacKinon ( 1996) one sided p-values. 

5.3.3 Findings From the Stationarity Tests of Residuals (Tables 5.3 and 5.4) 

It is observed from the Tables 5.3 and 5.4 that 

1\ 1\ 

(i) the null hypotheses of unit root (Exogenous: Constant) for residuals u1 and v1 

1\ 1\ 

are being accepted even at I 0% level. So, the residuals u 1 and v1 are non-

stationary. 

1\ 

(ii) the null hypotheses of unit roots (Exogenous: Constant) for residuals u1 and 

1\ 

v1 are accepted (by the PP tests) at 10% levels. Thus the Phillips-Perron tests 

1\ 1\ 

also testify for the non-stationarity of the residuals u1 and v1 • 

5.3.4 Stationarity of Residuals: Correlogram Analysis 

The stationarity of the residuals has also been examined through the plots of their respective 

Autocorrelation Functions (ACF) and the Partial Autocorrelation Functions (PACF) at 

1\ 1\ 

different lags. Figures 5.3 - 5.4 present the Correlograms of the residuals u1 and v1 

respectively. 
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Figure 5.3 
A 

Correlogram of Ut 

Autocorrel.tion Parti•l CoN"el.tion AC PAC 0-St•t Prob 

1 0.9"'7 0.9"'7 117.50 0.000 
2 0.905 0.01!11 225.68 0.000 
3 0.867 O.a:z7 326.77 0.000 
4 0.814 .0.158 414.71 0.000 
5 O.?'BEI 0.017 49"'.61 0.000 
6 0.720 .0.057 566.25 0.000 
7 0.673 0.007 6:27.49 0.000 
8 0.629 -o.oos 682.40 0.000 
9 0.676 .0.111 7:28.74 0.000 

10 0.537 0.~ 789.34 0.000 
11 0.498 .().006 ao4.63 0.000 
12 0.443 .().161 832.76 0.000 
13 0.399 0.011 856.81 0.000 
14 0.361 0.044 874.80 0.000 
15 0.326 0.042 B90.31 0.000 
16 0.29:!J .().002 903.0EI 0.000 
17 0.:264 0.012 913.50 0.000 
18 0.237 .0.026 921.98 0.000 
19 0.214 0.024 928.96 0.000 
20 0.192 0.029 93<11.6 ... 0.000 
21 0.169 .0.086 939.06 0.000 
22 0.1 ... 7 .0.007 9"'2 . ..t6 0.000 
23 0.125 0.004 ~.94 0.000 
2-<1 0.106 0.002 9..t6.71 0.000 
25 0.087 .0.02 ... 9"'7.93 0.000 
216 0.070 .0.002 948.72 0.000 
:z7 0.048 .().069 949.11 0.000 
28 0.025 .0.048 9"'9.21 0.000 
29 0.001 .().010 949.21 0.000 
30 .().017 0.022 9"'9.26 0.000 
31 .0.033 0.011 9"'9 .... 4 0.000 
32 .0.061 .0.007 9"'9.90 0.000 
33 .0.067 .().017 960.69 0.000 
34 .0.077 0.043 961.74 0.000 
35 -o.~ 0.020 ~.05 0._990 

Figure 5.4 
A 

Correlogram of Vt 

Autocorraletion Partial Corraletion AC PAC a-Stet Prob 

1 0914 0.914 109.35 O.CD:l 
2 0.844 0.059 203.48 O.CD:l 
3 0.782 0.012 284.81 O.CD:l 
4 0.698 -0.151 350.27 O.CD:l 
5 0.630 0.020 403.93 O.CD:l 
6 0.561 -0.038 446.88 0.(0) 
7 0.-498 0.010 480.99 0.(0) 
8 0.441 -0.015 507.93 O.CIXI 
9 0.372 -0.098 527.31 O.CD:l 

10 0.3:26 0.070 542.25 O.CD:l 
11 0.280 -0.016 553.38 O.CIXI 
12 0.215 -0.130 5180.00 O.CIXI 
13 0.167 0.009 564.05 O.CIXI 
14 0.127 0.026 5E6.42 O.CIXI 
15 0.090 0.013 567.60 O.CIXI 
16 0.060 -0.006 568.14 O.CIXI 
17 0.034 0.004 566.31 O.CIXI 
18 0.012 -0.018 568.33 O.CD:l 
19 -0.006 0.005 568.34 O.CIXI 
20 -0.021 0.017 566.41 O.CIXI 
21 -0.038 -0.057 568.63 O.CIXI 
22 -0.051 0.003 5S9.04 O.CIXI 
23 -0.0136 -0.017 5S9.73 0.000 
24 -0.079 -0.009 570.72 O.CIXI 
25 -O.CJB9 -0.018 572.00 O.CIXI 
26 -0.098 0.002 573.56 O.CIXI 
27 -0.113 -0.064 575.66 0.000 
29 -0.129 -0.030 578.39 0.000 
29 -0.144 -0.021 581.87 0.000 
30 -0.152 0.026 585.78 0.000 
31 -0.1519 -0.007 5190.12 0.000 
32 -0.168 -0.020 595.03 0.000 
33 -0.173 -0.011 600.29 0.000 
34 -0.171 0.037 605.45 0.000 
35 -0.1613 0.()()8 610.!10 0.9QO 
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5.3.5 Findings from Correlogram Analysis 

1\ 

(A) It is observed from the ACF and PACF plots of residuals u1 presented in the Figure 5.3 

that 

(i) the ACF of the residuals are marked by the dying out patterns of spikes up to 17 

lags. 

(ii) the PACF contains only one significant spike at lag one while all other lags 

contain very insignificant spikes. 

1\ 

These observations confirm the 'non-stationarity' ofu,. 

1\ 

(B) It is observed from the correlogram of the residuals v1 shown in the Figure 5.4 that 

1\ 

(i) the ACF of v1 displays a dying out pattern of spikes as lag lengthens. 

(ii) the PACF is marked by the presence of a significant spike at all other lags. 

1\ 

These observations confirm 'non-stationarity' of v1 residuals series. 

It is, therefore, observed that 

i. Rupee/Dollar exchange is not Cointegrated with the money supply at level, and 

ii. money supply is also not Co integrated with the Rupee/Dollar exchange rate at level. 

The non-cointegration between Rupee/Dollar exchange rate and money supply requires 

further examination. These findings indicate that the time series, so considered are such, that 

even a linear relationship between them does not represent a stable relationship over the 

period concerned. Consequently, the relationship needs to be examined through the use of 

filtered data sets. 
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5.4 Engle-Granger Method of Cointegration with Differenced data Series 

We seek to examine the cointegration through the first differenced series of Rupee/Dollar 

exchange rate, domestic money supply. Estimable models are presented below. 

(5.7) 

(5.8) 

where, E1 = First Difference Series of Rupee/Dollar Exchange Rate 

Mt= First Difference Series ofMoney Supply. 

J!Jt and J,t21 are Stochastic Error Terms. 

5.4.1 Estimation of the Models and Results 

Results of estimation ofthe models (5.7), (5.8) are being presented through Tables 5.5- 5.6. 

Variable 

Mt 
c 

Table 5.5 
Results of Estimation (Equation 5.7) 

Dependent Variable: Et 
Method: Least Squares 

Sample (adjusted): 1975:2- 2006:4 

Coefficient SE t-statistic 

-0.221 0.059 -3.72 
0.435 0.083 5.20 

Pro b. 

0.00 
0.00 

R.l = 0.09, Adjusted R.t = 0.092, AIC = 2.475, SC = 2.52 
F-statistic = 13.83, DW = 1.66 
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Variable 

Et 
c 

Table 5.6 
Results of Estimation (Equation 5.8) 

Dependent Variable: M, 
Method: Least Squares 

Sample adjusted): 1975:2 2006:4 

Coefficient SE t-statistic 

-0.450 0.121 -3.720 
0.800 0.110 7.246 

Pro b. 

0.00 
0.00 

R2 
= 0.099, Adjusted R2 = 0.09, AIC = 3.18, SBC = 3.23, 

F-statistic = 13.83, DW = 1.355 

1\ 1\ 

5.4.2 Tests of Stationarity of pit and p 21 

1\ 1\ 

Stationarity of residuals p 11 and p 21 from the estimated equation (5.7) and (5.8) are being 

examined through 

1\ 1\ 

a) time plots of p 11 and p 21 as presented in Figures (5. 9) and (5.1 0) 

b) the ADF or PP unit root tests on residuals 

c) the examination of ACF and PACF plots of the residuals 

Figure 5.9 

Time Plot of J1 11 Residuals 

5,--------------------------------------------------. 
4 

3 

2 

'1 

04R~~--~~~~~~~U4KA~~~~~~+P~~4--4~4m 
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Figure 5.10 

Time Plot of J.l21 Residuals 

6,-------------------------------------------------71 
5 

4 

3 

2 

1 

04---------------~~-;~~~rH~H+~~~~~~~~;H 

-1 

-2 

-:3J_~~~1~9~8-0~~-1~9~8-5~~~1~9~9~0~~-1~9~9~5~~2~0~0~0~~2~0=c0~5~ 

1\ 1\ 

The time plots of J.l11 and J.l21 show that the series are free from 

(i) any deterministic trend 

(ii) any stochastic trend 

These indicate 'stationarity' for the residuals concerned. 

1\ 1\ 

5.4.3 Stationarity of Residuals p 11 and p 21 : ADF and PP Test 

1\ 1\ 

Stationarity of the corresponding residuals p 1, and p 21 have been examined through the 

ADF and PP tests. The results ofthe tests are given by the Table 5.7 and 5.8 respectively. 

Table 5.7 
1\ 1\ 

Results of ADF Unit Root Tests on Residuals ( p 11 and p 2,) 

Variables Null Hypothesis 
ADF Test Lag 

Prob* 
Critical Values 

statistic Length 1% 5% 10% 

1\ 

1\ 
f.lu has a unit root 

J.llt -9.363 0 0.00 -3.48 -2.88 -2.57 
Exogenous: constant 

1\ 

1\ p 2, has a unit root 
f.l2t 

3.19 7 I -3.48 -2.88 -2.57 
Exogenous: constant 

Lag Length based on SBC, Max Lag =12, *Mac Kinnon (1996) one-sided p-values. 
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Table 5.8 
1\ 1\ 

Results ofPhillips-Perron Unit Root Tests on Residuals (flit and fl 21 ) 

Variables Null Hypothesis 
PP Test Band 

Prob* 
Critical Values 

statistic width 1% 5% 10% 

1\ 
1\ 

flit has a unit root 
flit 

-9.414 2 0.00 -3.48 -2.88 -2.57 
Exogenous: constant 

1\ 
1\ 

fl 21 has a unit root 
fl2t 

-9.86 8 0.00 -3.48 -2.88 -2.57 
Exo_genous: constant 

*MacKin on ( 1996) one sided p-values. 

5.4.4 Findings from the Table 5.7 and 5.8 

It is observed from (the results of Augmented Dickey Fuller Test and Phillips-Perron Test on 

1\ 1\ 

the residuals flit and fl 21 shown in) the Table 5.7 and Table 5.8 that 

the absolute values of the Augmented Dickey Fuller and the Phillips-Perron test statistics of 

residuals are greater than the corresponding critical values at 10%, 5% and even at 1% 

levels. Therefore, the null hypothesis of unit root (with intercept) is rejected 

Consequently, the residuals are found to be stationarity. Stationarity of residuals 

indicates that the variables (E1 and MJ in our study are Cointegrated, and, therefore, there 

exists a stable long-run relationship between them. 

5.4.5 Stationarity of Residuals: Correlogram Analysis 

1\ 1\ 

The stationarity of the residuals flit and f.-1 21 has further been examined through the study of 

1\ 

their correlograms. Figures 5.11 - 5.12 present the correlograms of the residualsfl11 and 

1\ 

fl 21 respectively. 
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Figure 5.11 
1\ 

Correlogram of J.L 11 Residuals 

AC PAC 0-Stat Prob 

1 0.164 0.164 3.~ 0.062 
2 0.149 0.125 6.3833 0.041 
3 0.009 -0.034 6.3949 0.094 
4 0.012 -0.003 6.4155 0.170 
5 0.116 0.124 8.2325 0.144 
6 0.242 0.219 16.161 0.013 
7 -0.038 -0.147 16.356 0.022 
8 0.071 0.038 17.049 0.030 
9 0.122 0.168 19.117 0.024 

10 0.072 0.012 19.835 0.031 
11 0.130 0.024 22.236 0.023 
12 -0.022 -0.091 22.307 0.034 
13 -0.057 -0.015 22.774 0.044 
14 0.008 -0.008 22.782 0.064 
15 0.040 -0.009 23.013 0.084 
16 0.110 0.100 24.813 0.073 
17 0.027 -0.048 24.925 0.096 
18 -0.038 -0.037 25.142 0.121 
19 0.058 0.093 25.660 0.140 
20 0.064 0.042 26.287 0.157 
21 0.081 0.029 27.306 0.161 
22 -0.048 -0.134 27.635 0.188 
23 .{).110 -0.056 29.553 0.163 
24 -0.027 0.060 29.667 0.196 
25 0.114 0.076 31.755 0.185 
26 0.091 0.026 33.088 0.160 
27 0.193 0.149 39.222 0.060 
28 .{).106 .{).130 41.083 0.053 
29 0.096 0.142 42.614 0.049 
30 0.034 -0.004 42.806 0.061 
31 0.052 -0.025 43.273 0.070 
32 0.045 0.019 43.618 0.083 
33 0.012 -0.029 43.642 0.102 
34 -0.073 -0.009 4.4.591 0.106 
~ cu~ q,~ _ ~,§§9 _c:t!M2 

Figure 5.12 
1\ 

Correlogram of p.21 Residuals 
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1 
2 
3 
4 
5 
6 
7 
a 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
:26 
27 
28 
29 
30 
31 
32 
33 
34 
35 

AC PAC 0-Stat Prob 

0.286 0.286 
0.304 0.242 
0.449 0.36:3 
0.4513 0.330 
0.3315 0.134 
0.205 -0.136 
0.275 -0.109 
0.4518 0.235 
0.101 -0.151 
0.187 -0.005 
0.275 0.035 
0.264 0.069 
0.104 -0.070 
o.187 o.oee 
0.186 -0.025 
0.230 0.0318 
o.oee o.oes 
0.114 -0.046 
0.184 -0.022 
0.202 0.089 
0.093 0.043 
0.097 -0.093 
0.193 0.081 
0.124 -0.0618 
0.1:28 0.071 
0.085 -0.020 
0.150 0.026 
0.182 0.030 
0.026 ..().063 
0.094 ..().006 
0.171 0.007 
0.093 0.0:28 
0.072 -0.022 
0.013 -0.080 
0.122 -0.014 

10.576 
22.689 
49.296 
77.:281 
92.308 
97.975 
108.27 
137.14 
138.57 
143.48 
154.20 
163.37 
164.93 
168.98 
174.03 
181.85 
183.:28 
185.23 
190.36 
196.59 
197.93 
199.40 
205.24 
207.68 
210.31 
211.48 
215.18 
220.63 
220.74 
222.24 
227.22 
2:26.41 
229.31 
229.34 
231.!iJ9 

0.001 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
O,QQO 



5.4.6 Findings from the Figures 5.11-5.12 

It is observed from the ACF and PACF plots of residuals presented in the Figures 5.11 and 

5.12 that 

(i) the ACFs of the residuals are marked by the absence of any dying out patterns 

of spikes. 

(ii) the PACFs are also marked by the absence of any singularly significant spike at 

any lag. 

1\ 1\ 

These observations confirm the stationarity of Jilt and ,u21 • Consequently, it is found that 

a) first differenced series of Rupee/Dollar exchange rate is cointegrated with first 

differenced series of money supply, and, conversely 

b) first differenced series of money supply is also cointegrated with first differenced 

series of Rupee/Dollar exchange rate. 

c) exchange rate and money supply are C/(1,0). 

5.5 Limitations of the Engle-Granger (1987) Study 

Although the Engle and Granger ( 1987) methodology of testing co integration is very simple 

to understand and easy to implement, the methodology suffers from several important 

defects. 

First, for the estimation of the long-run equilibrium relationship, the method requires that 

one variable be placed on the left hand side as a dependent variable and use the others as 

regressors. But when the sample size grows infinitely large, the asymptotic theory indicates 

that the test for a residual sequence of the different cointegrating equations become 

equivalent. This large sample property, on which the result of the Engle and Granger (1987) 

technique is derived, may not be applicable to the sample sizes usually available to the 

economists. In practice situation can arise that one cointegrating equation indicates that the 

variables are cointegrated, whereas reversing the order can indicate no cointegration. This 

problem is obviously compounded in case of three or more variables. Again the Engle and 

70 



Granger (1987) method has no systematic procedure for the separate estimation of the 

multiple co integrating vectors. 

Second, in Engle and Granger (1987) Two Step Procedure, first step generates the residual 

series and in the 2"d step these generated residuals are used to estimate the regression 

coefficients. Therefore, the coefficients of one regression are obtained using the residuals 

from the other regression equation. 

These limitations of conintegration study are overcome through the use of 'Johansen 

Method of Cointegration'. We, therefore, re-examine the nature of Cointegration between 

the variables concerned through 'Johansen Method' in subsequent sections. 

5.6 Johansen Cointegration Test 

5.6.1 Introduction 

The Johansen Method is used to examine if Rupee/Dollar exchange rate and money supply 

in India are cointegrated for the period 1975:1 to 2006:4. The results of the test are being 

present through the Table 5.9. 

Table 5.9 
Results of Johansen Cointegration Tests for Variables at level 

Unrestricted Cointegration Rank Atrace and Amax Test 
Trend assumption: Linear deterministic Trend 

Lags interval (in first differences): 1 to 4 

I Unrestricted Cointegration Rank Atrace Test 
Variables Involved: Rupee/Dollar Exchange Rate, M1 Money in India (at level) 

Null Alternative Eigen Trace Critical Values 
Hypothesis Hypothesis Value Statistic 5% 1% 

r=O r >0 0.082 18.312 20.97 25.52 

r:::; 1 r>I 0.045 8.130 I4.07 I8.63 

II Unrestricted Cointegration Rank Amax Test 
Variables Involved: Rupee/Dollar Exchange Rate, M1 Money in India (at level) 

r =0 r =I 0.082 I 0.182 20.97 25.52 

r = 1 r =2 0.045 5.542 I4.07 I8.63 

71 



5.6.2 Findings From The Table 5.9 

In the Johansen Test 

(i) for the null hypothesis r = 0 against the alternative hypothesis r > 0, Atrace (0) 

= 3.42I is lower than the corresponding 5% and I% critical values. Therefore, it 

is not possible to reject the null hypothesis of no co integrating relation. 

(ii) for testing the null hypothesis r ::5: 1 against the alternative r >I, the value of 

Atrace (1) statistic is 8.49I, which is lower than 1% and even 5% level of 

significance. So the null hypothesis r ::5: 1 cannot be rejected even at 5% level. 

(iii) for testing the null hypothesis r = 0 against the alternative hypothesis r = 1 

under/Lmaxtest, Amax(O, 1) value is 10.I82. Clearly, it is lower than the 

corresponding 5% and 1% critical values. It implies the null hypothesis of 'no 

co integration' cannot be rejected at even 5% level. 

(iv) for testing the null hypothesis r = 1 against the alternative r = 2 under 

Johansen Amax test, Amax (1, 2) = 5.542 falls short of the corresponding critical 

values at 5% and I% levels. Consequently, the null hypothesis of no 

Cointegration between the variables appears to be accepted at even 5% level. 

Johansen Method has also been adopted to test the existence of cointegration between the 

variables concerned upon first differencing. The results of such tests are being presented 

through the Table 5.1 0. 
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Table 5.10 
Results of Johansen Cointegration Tests (First Differenced Series) 

Unrestricted Cointegration Rank Atrace and Amax Test 
Trend assumption: No Deterministic Trend 
Lags interval (in first differences): 1 to 4 

I Unrestricted Cointegration Rank Atrace Test 
Variables Involved: Rupee/Dollar Exchange Rate, Money Supply 

(First Differenced Stationary Series) 

Null Alternative Eigen Trace Critical Values 
Hypothesis Hypothesis Value Statistic 5% I% 

r=O r >0 O.I05 I7.55 I2.53 I6.3I 

r::;; 1 r>I 0.03I 3.937 3.84 6.5I 

II Unrestricted Cointegration Rank Amax Test 
Variables Involved: Rupee/Dollar Exchange rate, Money supply 

(First Differenced Stationary Series) 

r =0 r =I 0.105 13.6I2 Il.44 15.69 

r = 1 r =2 0.031 3.937 3.84 6.5I 

5.6.3 Findings From The Table 5.10 

It is observed from the Table 5.IO that 

(i) for r = 0 against r > 1, Atrace = I7.55 exceeds the corresponding critical values 

even at I% level. This implies that the null-hypothesis of the absence of 

cointegration (r = 0) has been rejected at I% level. 

(ii) for r::;; 1 against r >1, Atrace = 3.937 falls short of the corresponding critical 

value even at 1% level. This implies that null hypothesis of not more than one 

cointegrating relation is accepted at I% level and more than one cointegrating 

relation is rejected (at I% level). 

(iii) for r = 0 against r = 1, Amax = 13 .6I2 and therefore, the null hypothesis of non

existence of cointegration does not appear to be accepted at I% level. 
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(iv) for r = I against r = 2, Amax = 3.937 is lower than the corresponding critical 

value at 1% level. Consequently, the null hypothesis of the existence of one 

cointegrating relation appears to be accepted at 1% level. 

5.7 Overview of the Findings From The Johansen Tests 

It is observed from the sections 5.5.3- 5.6.4 that 

i) there does not exist any cointegration between the variables at level. 

ii) there exists cointegrating relation between the variables when these are filtered 

through first differencing. 

iii) there exists CI (1, 0) cointegrating relationship among the variables concerned 

at the 5% level and these variables are CI (1, 0). 

These findings also confirm the CI (1, 0) nature of cointegration as given by the Engle

Granger Method of co integration. 

5.8 Economic Implications of Findings of Cointegration Study 

The cointegration between the Rupee/Dollar exchange rate and the money supply in India 

has important economic implications. Study of cointegration enquires into the existence of 

equilibrium relationship postulated by the economic theory and examines whether the model 

is well defined. The existence of the cointegration in our study, therefore, implies that 

exchange rate and the money supply in India maintained a long-run relationship over the 

period of the study. 

Study of cointegration can be used directly to test the underlying theory. As our variables 

are cointegrated, we cannot negate the Dornbush model or the monetary model of exchange 

rate (MAER) in Indian economy over the period of the study. 

Now we seek to enquire into the stability of such relationship between these variables. This 

constitutes the subject matter of our study in the next chapter. 
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CHAPTER& 

DYNAMICS OF SHORT· RUN SHOCKS AND STABILITY OF THE 
LONG-RUN RELATIONSHIP BE1WEEN 

EXCHANGE RATE AND MONEY SUPPLY 

6.1 Introduction 

Cointegration study in Chapter 5 confirms the existence of long-run relationship between 

Rupee/Dollar exchange rate and money supply in India. However, it is imperative to know if 

such relationship is stable. Stability of the long-run relationship is established if the short-run 

shocks transmitted through Er or M1 channel converge before long. The stability of the long

run relationship is studied through the estimation of Vector Error Correction Model 

(VECM). 

The Vector Error Correction specification restricts the long-run behavior of the endogenous 

variables to converge to their cointegrating relationships while allowing for a wide range of 

short-run dynamics. The cointegration term is known as the error correction term since the 

deviation from the long-run equilibrium is corrected gradually through a series of partial 

short-run adjustments. Therefore, VECM modeling gives important information about the 

short-run relationship between the Co integrated variables. 

Economic theories hold that money supply can cause variations in exchange rate. 

Specifically, if the supply increases, cereris paribus, domestic currency depreciates, i.e., spot 

rate rises. Dornbush (1976), Rodriguez (1976) and, Fisher (1978) hold the view. The 

Monetary Theory of Exchange Rate determination (MAER) also indicates that money 

supply causes variations in exchange rate. The process of adjustment of exchange rate, 

following the monetary shocks, is explained by standard theories of exchange rate. 

6.2 The Vector Error Correction (VEC) Model 

The Engle and Granger methodology of Vector Error Correction (VEC) can be applied to 

analyze the short-run dynamics between Rupee/Dollar exchange rate and money supply in 

the following way. 
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The estimable VEC Model in this study consists of the following equations 

n n 

ll.Er = a1+p1z1r-1+f3; '[.11£,_; + Y;L!).M,-;+w, (6.1) 
i=l i=l 

/1M,= az + Pz Z2t-l + f3z fi1Mt-j + rj f.l1 Et-j + .9t 
J=l j=l 

(6.2) 

where, /1E t-i =First Differenced Series ofE1 at time t-i; i = 1, 2, 3, ---, n. 

1'1Mt-i =First Differenced Series ofM1 at time t-i; i = 1, 2, 3, ---, n. 

Zit-I and Z 21_1 are error correction terms. 

OJr ~ i i d N (0, cr~ ), and u, ~ i i d N (0, cr~) 

The lag length (n), in estimation, are determined through AIC and SIC. In the estimation 2 

lags have been taken, as suggested by the AIC and SIC criteria. 

6.3 The Estimation and Results of VEC Model 

The equations (6.1) and (6.2) have been estimated through OLS with quarterly data sets 

upon first differencing since the variables are cointegrated at upon first differencing. The 

results are being presented through the Table ( 6.1) shown below. 

Table 6.1 

Results of the VEC Estimation (Equation 6.1) 

Sample (adjusted): 1976:1-2006:4 

Included observations: 124 (after adjusting Endpoints) 

Dependent Explanatory 
Coefficients S.E. 

't' 
Variable Variables statistic 

Constant (y1) -0.019 0.074 - 0.263 
Ztt-1 -0.768 0.137 -5.596 

11 Et-1 -0.059 0.121 -0.488 
11Et 11 Et-2 0.068 0.094 0.726 

11 M1•1 0.090 0.067 1.350 
A Mt-l 0.289 0.072 3.978 

R2 = 0.501, Adjusted R'' = 0.480, F-statistic = 23.71, AIC = 
2.507, sc = 2.643 
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Table 6.2 

Results of the VEC Estimation (Equation 6.2) 

Sample (adjusted): 1976:1-2006:4 

Included observations: 124 (after adjusting Endpoints) 

Dependent Explanatory 
Coefficients S.E. 

't' 
Variable Variables statistic 

Constant (Yt) 
0.057 0.094 0.606 
0.049 0.174 0.282 

Z21-t -0.855 0.085 -9.988 
~M, 

AMt-t -0.649 0.092 -7.013 
A Mt-2 -0.037 0.155 -0.239 
~ Et-t 0.051 0.120 0.427 
~ Et-2 

R2 = 0.517, Adjusted RL = 0.497 
F-statistic = 25.33, AIC = 2.98, SIC= 3.12 

6.4 Stability of the VEC Model 

The roots of the characteristic polynomials corresponding to Autoregressive Structures in 

equations 6.1 - 6.2 are given by the Table 6.3. 

Table 6.3 

VEC Stability Condition Check 

Roots of the Characteristic Polynomial 

Endogenous Variable: Et, Mr 

Exogenous Variable: C 

Root Modulus 

1.000000 1.000000 
-0.415168- 0.707294i 0.820139 
-0.415168 + 0.707294i 0.820139 
-0.518813 0.518813 
0.335202 - 0.241723i 0.413268 
0.335202 + 0.241723i 0.413268 

VEC specification imposes I unit root(s). 
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Figure 6.1 

Inverse Roots of AR Characteristic Polynomial 
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It is observed from the Table 6.3 that 

(i) the absolute values of the characteristic roots are less than unity, 

(ii) two of the characteristic roots are positive, 

(iii) two of the characteristic roots are negative, 

Again the inverse roots of AR Characteristic Polynomials lie within the unit circle. This is 

being shown in the Figure 6.1. All these testify for the stability of the estimated VEC model 

consisting of equations ( 6.1) and ( 6.2). 

6.5 The Findings from the VEC Estimation (Table 6.1) 

It is observed from the Table 6.1 that 

A 

(i) p 1 being significant at 1% level indicates that short-run shocks, transmitted 

through the channel of exchange rate, significantly affected the long-run 

relationship which exchange rate maintained with money supply. 

A 

(ii) the negative value of p 1 indicates that exchange rate, following any positive 

shock transmitted through the channel of exchange rate, declined. Consequently, 

short-run positive exchange rate shock appeared to pull down exchange rate 

from its long-run equilibrium level. 
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(iii) ; 11 < 1 indicates that short-run exchange rate oscillated around the long-run 

equilibrium level following short-run exchange rate shocks and these 

oscillations were damped. Thus the long-run relationship which exchange rate 

maintained with money supply was stable. 

A 

(iv) y 12 being significant (at 1% level), even in the presence of ~Et-i (i = 1,2) in the 

(v) 

vector of regressors for ~E" indicates that money supply Granger Caused 

exchange rate in the short-run. 

0 < r/\ < 1 indicates that the two period beck money supply led to less than 
12 

proportionate change in exchange rate. Moreover, rise in money supply appears 

to cause a rise in spot ratet i.e., a depreciation of rupee. This finding is in 

conformity with the MAER proposition. 

6.6 Findings from the VEC Estimation (Table 6.2) 

It is observed from the Table 6.2 that 

1\ 
1. ( p 2 ), the coefficient of Z21•1 (in the Equation 6.2) is not significant even at I 0% 

level. This indicates that shocks, transmitted though the monetary channel, fail 

to disturb the long-run relationship between exchange rate and money supply. 

n. /31\ andp/\ , the coefficient of ~M1_ 1 and ~M1_2 respectively, are found to be 
21 22 

statistically significant at 1% level. 

iii. y/\ and y/\ , the coefficient of ~Et- 1 and ~E1_2 respectively fail to be significant 
21 22 

even at 1 0% level. This indicates that exchange rate fail to 'Granger Cause ' 

money supply in the short-run over the period concerned. 

t Spot rate here stands for the rupee price of dollar/unit. 
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tv. /3/\ < 0 andp/\ < 0 Oindicate that money supplies in the past two periods 
21 22 

significantly affects the current period money supplies. Again, these indicate 

that any rise in past two period money supply tend to reduce the current money 

supply. 

v. lp
21
1 < 1 and jp

22
1 < 1 indicate that change in past two period money supplies 

lead to less than proportionate change in the current money supply level. 

6. 7 Economic Interpretations of Results of the VEC Model 

Economic interpretations of the findings from the estimated equations 6.1 and 6.2 are as 

follows. 

(i) The significant coefficient of Zit-I in the equation 6.1 indicates that the short-run 

shocks, transmitted through exchange rate channel, significantly affected the 

long-run dynamic relationship that exchange rate maintained with money 

supply. 

(ii) Again the positive value of ~1 , the coefficient of Zit-I in this equation, indicates 

that exchange rate, following any positive short-run exchange rate shocks, 

increases. Consequently, positive short-run shocks, transmitted through 

exchange rate channel, pushes up exchange rate above the long-run equilibrium 

level. 

(iii) The absolute value of ~1 , the coefficient of Zit-I in equation 6.1 is less than 

unity and it indicates that change in exchange rate oscillates around the long-run 

equilibrium level following a short-run exchange rate shocks, and such 

oscillation is convergent to the long-run path. Thus, long-run relationship 

between exchange rate (dependent variable) and money supply (independent 

variable) is stable. Consequently, the short-run dynamics defines an 'equilibrium 

processes'. 
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(iv) Significant value of yl\ indicates that money supply Granger caused exchange 
21 

rate in the short-run dynamic adjustment of exchange rate. 

(v) Exchange rate failed to Granger cause money supply in the Indian economy. 

(vi) Shocks, transmitted through the money supply channel, fail to affect the long

run relationship between exchange rate and money supply. Consequently, the 

long-run relationship is stable. 

6.8 Overview of Findings of VEC Model 

Following inferences may be derived from the study of VEC model for E1 and M1 in the 

economy of India. 

(i) The long-run relationship, that exchange rate maintained with money supply, 

was stable. The shocks, transmitted through exchange rate channel, had 

significant impact on the long-run relationship and these provided damped 

oscillations. Consequently, the short-run dynamics of exchange rate defined an 

'equilibrium' process. 

(ii) The long-run relationship, which money supply maintained with exchange rate, 

was stable. The shocks, transmitted through monetary channel, failed to exert 

any appreciable impact on such long-run relationship. Consequently, the short

run dynamics of monetary growth defined a 'stable equilibrium process'. 

(iii) There did exist 'Uni-directional' short-run Granger Causality running from 

money supply to Rupee/Dollar Exchange Rate. 

(iv) Exchange rate, consequently, failed to Granger cause money supply in the 

short-run. Exchange rate emerged as an exogenous variable in the equation 

(6.2) for money supply. 
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CHAPTER 7 

CAUSAL RELATIONSHIP BETWEEN RUPEE/DOLLAR EXCHANGE 
RATE AND MONEY SUPPLY· A STUDY WITH VECTOR 

AUTOREGRESSION MODEL 

7.1 Introduction 

In the Engle-Granger Cointegration studies, the analysis is based on 'Single Equation 

Estimation'. Consequently, the 'two-way linkage' between Et and M1 has been ignored. 

Again in the VEC Model, we consider how the shocks in the endogenous variable affect the 

long-run relationship that it maintains with another endogenous variable. For example, the 

VEC Model estimation shows how the shocks in E1 in the short-run affect E1 and how short

run shocks in M1 affect M1. 

In economic analysis it becomes imperative for a researcher to examine the 'two-way

linkage' between endogenous variables. In such case Et and M1 must be made endogenous to 

a 'Simultaneous Equation System'. 

Moreover, it is important for any economic research to examine the effect of any short-run 

shocks in any endogenous variable on another endogenous variable. This is because the 

contemporaneous Variance-Covariance matrix for the error terms across equations may be 

positive definitive by nature. 

Finally, the VEC Model indicates whether the shocks are convergent or divergent but it fails 

to depict the path of the shocks over time. 

All these considerations have been taken care of in the V AR Model, where the equations are 

jointly estimated. The equation for any endogenous variables is specified as a 'p' period 

autoregressive lag equation with a distributed lag structure of another endogenous variable. 

Thus we have several autoregressive equations in a V AR Model and these equations are 

estimated jointly. 

In our analysis we have taken two macroeconomic variables, namely, Rupee/Dollar 

exchange rate and domestic money supply. Monetary Approach to Exchange Rate 

82 



Determination (MAER) holds that domestic money supply can influence exchange rate. 

Again in the presence of 'Activist' nature of the monetary policy in the home country, the 

variation of exchange rate can also affect the variation of money supply in that country. 

Therefore, in order to find the exchange rate dynamics in India, we cannot make any a-priori 

assumption of endogenous and exogenous variables. 

7.2 The Vector Autoregression (V AR) Model 

The Vector Autoregression (V AR) Model for Rupee/Dollar Exchange Rate (E1) and Money 

Supply (M1) is as follows. 

k k 

E, =a1 + 'LfJliE,-I + LY];Mt-i + u11 (7.1) 
i=l i=l 

k k 

M, = a2 + L./32;Mt-i + LY2;E1-i + U21 (7.2) 
i=l i=l 

Here E., and M1 represent Rupee/Dollar exchange rate and domestic money supply (Mt) at 

time t respectively. E1.j, M1_i represent Rupee/Dollar exchange rate and domestic money 

supply at time t-i, i = 1 ,2,3, .... , respectively. These variables are stationary and the 

stationarity has been ensured through appropriate filtering like first differencing. 

u11 , u21 are the stochastic error terms, called impulse or innovations or shocks 

in the V AR model. These equations, therefore, represent "Seemingly Unrelated 

Regression" (SUR) model since the estimation of the model considers and uses the 

contemporaneous Var-Covariance matrix ( 0) of the error terms involved such 

that O=Var-Cov (u 11,uu), where 0 is a positive definite matrix. 

7.3 Selection of Lag Length in the V AR Estimation 

Before estimating V AR Model, the decision regarding the selection of maximum lag length 

(k) is important. This is because, inclusions of too many lagged terms consume degrees of 

freedom and eventually, problem of multicollinearity can arise. On the other hand, inclusion 

of a few lags can lead to selection errors. 
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The information criterion has been widely used in time series analysis to determine the 

appropriate length of distributed lag models. Relevant information criteria like Akaike 

Information Criterion, Schwartz Information Criterion, Hannan-Quinn Information 

Criterion, Sequential Modified LR test statistic, etc are generally used for the determination 

of optimum lag length. However, in our study we have followed Enders ( 1995) and started 

with eight lags. We have reduced the lags by one and carried out the test, given that 

estimated t-static for the coefficient involved is insignificant. In 41
h lag, few parameters have 

been found statistically significant. But in lag 3, many parameters have been found 

statistically significant. We have compared the optimality of 3rd and 2"d lag by applying lag 

selection criteria and finally have taken lag 3 in our model. 

7.4 Estimation and Results of the V AR Model 

The results of the estimation of the V AR model are being presented through the Table 7.1 

and 7.2 

Table 7.1 

Results ofVAR Estimation (Equation 7.1) 

Sample Adjusted: 1976(!)- 2006(IV) 

Included Observations: 124 (after adjusting endpoints) 

Dependent Explanatory 
Coefficient S. E. 

't' 
Variable Variables statistic 

Constant 
0.229 0.106 2.146 
0.170 0.094 1.799 

Et-t 0.137 0.094 1.379 
Et-2 -0.068 0.094 -0.717 

E, Et-3 0.028 0.072 0.399 
Mt-t 0.215 0.072 2.977 
Mt-2 -0.274 0.079 -3.467 
M t-3 

RL = 0.146, Adjusted RL= 0.102, AIC = 2.52, SC = 2.68, 
F-statistic = 3.335, OW= 1.95 
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0.03 
0.07 
0.17 
0.47 
0.69 
0.00 
0.00 



Table 7.2 

Results ofV AR Estimation (Equation 7.2) 

Sample Adjusted: 1975(1)- 2006(/V) 

Included Observations: 124 

Dependent Explanatory 
Coefficient S. E. 't' 

Variable Variables statistic 

Constant 0.196 0.133 1.468 
Mt-1 0.076 0.090 0.844 
Mt-2 0.115 0.090 1.271 

M, Mt-J 0.567 0.098 5.742 
Et-1 0.019 0.119 0.166 
Et-2 0.077 0.118 0.657 
Et-3 -0.054 0.119 -0.462 

R2 = 0.34, Adjusted R2 = 0.31, AIC = 2.96, sc = 3.12, 
F-statistic = 10.34, DW = 2.14. 

7.5 Features of the VAR Model 

The V AR model consisting of the equation 7 .I and 7.2 requires that 

(i) E1 and M, be 'stationary', and 

(ii) UJt and u21 be white noise terms such that 

u11 - iidN (0, af,), and 

U2;- iidN(O,aD 

(iii) the model be stable 

Pro b. 

0.14 
0.39 
0.20 
0.00 
0.86 
0.51 
0.64 

In this model both E1 and M1 are stationary. Specifically, these are I(l) series. Consequently, 

the first requirement is satisfied. 

However, the properties of u11 and u2, need to be studied. This will enable us to find if u 11 

and u2, are really white noise. 
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Again, the 'Consistency' of the V AR model requires that the model be 'Stable '. We seek to 

enquire into the 'Stability' ofthe model in the subsequent sections before we examine if u11 

and u21 are 'white-noise' terms. 

7.6 Conditions of Stability for the V AR Model 

From the equation 7.1 we have 

3 3 

Et- Lf3liEt-;=al + LYliMt-;+ult 
i=l i=l 

3 . 2 

or, Et (1- L f3u L') = az + L Yu Mt-i + U11 
i=l i=l 

3 

or, A(L) Et = az + LYuMt-i + U11 
i=l 

-1 3 
or, Et=[A(L)] [az+LrliMt-i+ult] 

i=l 
(7.3) 

The absolute value of each of the eigen values of the Characteristic Polynomial A(L) must 

be less than unity for the stability of the equation (7.3) 

Similarly, from the equation (7.2) we have 

(7.4) 

The modulus of the eigen values of the Characteristic Polynomial B(L) must be less than 

unity for the stability of the equation (7.4) 
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Table 7.3 

V AR Stability Condition Check 

Roots of the Characteristic Polynomial 

Endogenous Variable: E,, M, 

Exogenous Variable: C 

Root Modulus 

0.900486 0.900486 
-0.404840 - 0. 704195i 0.812272 
-0.404840 + 0.704195i 0.812272 
-0.520035 0.520035 
0.338271 - 0.244153i 0.417179 
0.338271 + 0.244153i 0.417179 

Figure 7.1 
Inverse Roots of AR Characteristic Polynomial 
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7. 7 Stability of the VAR Model 

The Table 7.4 presents the roots and respective modulus of each of the roots. It is observed 

from the Table 7.4 that 

(i) two of the eigenvalues are positive. 

(ii) two eigenvalues are not statistically different from zero. 

(iii) two of the eigenvalues are negative. 

Moreover the Figure 7.1 shows that inverse roots of AR characteristic polynomials are 

within the circle. The Figure 7.1, therefore, confirms the stability of the V AR model. 
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All these findings confirm that the V AR system is 'Stable'. 

7.8 Normality of the V AR residuals 1\ and 1\ 
U!t U2t 

The Table 7.4 presents the results ofV AR Residual Normality Tests. 

Table 7.4 
V AR Residual Normality Tests 

Orthogonalization: Cholesky (Lutkepoh/) 
Null Hypothesis: Residuals are Multivariate Normal 

Sample: 1975 (/)- 2006 (IV) 

Component Skewness Chi-sq df Pro b. 

Et 1.4476 43.31 1 0.00 
Mt -0.2834 1.66 1 0.19 

Joint 44.97 2 0.00 

Component Kurtosis Chi-sq df Pro b. 

Er 7.4003 100.041 1 0.00 
Mt 9.4532 215.162 1 0.00 

Joint 315.203 2 0.00 

Component Jarque-Bera df Pro b. 

Et 143.35 2 0.00 
Mt 216.82 2 0.00 

Joint 360.17 4 0.00 

It is observed from the Table 7.4 that 

(i) 

(ii) 

(iii) 

The JB statistic for 1\ = 143.35. It indicates that the null-hypothesis ('residuals 
U!t 

1\ are normal') has been accepted even at 1 %level, 
U!t 

The JB statistic for 1\ = 216.82. The null-hypothesis that 'residuals 1\ are 
U2t U2t 

normal' has been accepted even at I% level. 

The statistics (for Skewness and Kurtosis) further confirm that 1\ and 1\ have 
U!t U2t 

normal shapes. 
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Consequently, these findings testify for the normality of the A and A , the residuals in 
U!t U2t 

equation 7.1 and 7.2 respectively. 

7.9 Serial Independence ofthe VAR Residuals (A and A ) 
U!t U2t 

The Correlograms of the V AR residuals ( A and A ) are being presented through the 

Figures 7.2 and 7.3. 

Utt U2t 

Figure 7.2 

Correlogram of Residuals A 
Utt 

Autocorrelation Partial Co"elation AC PAC Q-Stat Prob 

89 

1 -0.028 -0.028 0.0978 0.754 
2 0.037 0.036 0.2694 0.874 
3 -0.047 -0.045 0.5521 0.907 
4 -0.036 -0.040 0.7186 0.949 
5 0.07 4 0.076 1.4259 0.921 
6 0.153 0.159 4.4470 0.616 
7 0.056 0.058 4.8501 0.678 
8 -0.030 -0.034 4.9665 0.761 
9 0.004 0.101 5.9152 0.748 

10 0.110 0.139 7.54n o.673 
11 0.007 -0.012 7.5543 0.753 
12 0.010 -0.031 7.fE17 0.818 
13 0.014 0.024 7.5949 0.869 
14 -0.101 -0.098 9.0039 0.831 
15 -0.025 -0.091 9.0939 0.873 
16 -0.010 -O.Cii3 9.11:119 0.!03 
17 0.050 0.039 9.4600 0.925 
18 -0.030 -0.046 9.5922 0.944 
19 0.023 -0.011 9.6682 0.961 
20 0.026 O.lE4 9.7648 0.972 
21 0.031 0.005 9.!1l51 0.9fJJ 
22 -0.003 -0.090 10.946 0.976 
23 -0.074 -0.003 11.786 0.974 
24 -0.153 -0.110 15.369 0.!03 
25 0.047 0.057 15.715 0.923 
26 0.031 -0.004 15.866 0.939 
27 0.185 0.172 21.273 O.n3 
28 -0.057 -O.Illi 21.794 0.791 
29 0.095 0.149 23.258 0.765 
30 -0.027 0.017 23.300 0.799 
31 -0.022 -0.005 23.460 0.832 
32 0.026 0.010 23.571 0.860 
33 -0.038 -0.040 23.817 0.879 



Figure 7.3 

Correlogram of Residuals 1\ 
U2t 

Autocorrelation Partial Correlation AC PAC 0-Stat Prob 

1 -0.042 -0.042 0.2149 0.643 
2 -0.237 -0.239 7.2360 0.027 
3 0.071 0.051 7.8637 0.049 
4 0.618 0.604 56.509 OJJJO 
5 -0.052 0.069 56.854 O.()JJ 
6 -0.174 0.039 60.766 O.()JJ 
7 0.040 -0.100 60.976 O.()JJ 
8 0.578 0.313 104.00 O.()JJ 
9 -O.CHJ 0.031 105.38 O.()JJ 

10 -0.144 O.Cii5 103.15 O.()JJ 
11 -O.CIE -0.159 103.16 O.()JJ 
12 0.4167 0.034 137.93 O.()JJ 
13 -0.034 0.028 138.09 O.()JJ 
14 -0.100 0.092 139.47 O.()JJ 
15 -0.035 -0.058 139.64 O.()JJ 
16 0.472 0.140 171.19 O.()JJ 
17 -0.001 0.059 171.19 O.()JJ 
18 -0.180 -0.109 175.88 O.()JJ 
19 -0.041 -0.044 176.12 O.()JJ 
20 0.422 -0.016 202.41 O.()JJ 
21 -0.019 0.020 202.46 O.()JJ 
22 -0.039 0.126 203.64 O.()JJ 
23 -0.054 -0.022 204.09 O.()JJ 
24 0.438 0.120 233.50 O.()JJ 
25 -0.032 -0.044 233.66 O.()JJ 
26 -0.146 -0.036 236.99 O.()JJ 
27 -0.045 -0.042 237.31 O.()JJ 
28 0.305 -0.164 252.19 O.()JJ 
29 0.040 0. 134 252.45 O.()JJ 
30 -0.103 -0.027 254.20 O.()JJ 
31 -0.110 -0.042 256.20 O.()JJ 
32 0.327 0.016 274.05 O.()JJ 
:33 0.~ ~.(:gi 27:4,18 (),£!!) 

It has been observed from the Correlograms shown in the Figure 7.2 that 

(i) the corresponding ACF is marked by the absence of any dying out pattern of 

spikes, and 

(ii) the corresponding PACF is also free from any single significant spike at any 

lag. 
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Again, the Correlograms shown in the Figure 7.2 depicts that 

(i) ACF has significant spikes at lag 2, 4, 8, 12, 16, 20, etc. 

(ii) P ACF has significant spikes at lag 2, 4, 8. 

These features of Correlograms indicate stationarity of the series concerned. Therefore, 

these observations testify for the fact that A and A residuals are free from 
U!t U2t 

Autocorrelations of any order. 

7.10 Further Confirmation of Serial Independence: Portmanteau Test 

The results of the VAR Residual Portmanteau Test for Autocorrelations are being 

presented through the Table 7.5 

Table 7.5 

V AR Residuals Portmanteau Tests for Autocorrelations 

Null Hypothesis: No Residual Autocorrelations up to lag h 

Sample: 1975 (I)- 2006 (IV) 

Lags Q-Stat Pro b. Adj Q-Stat Pro b. df 

1 6.630 NA* 6.684 NA* NA* 
2 12.410 NA* 12.558 NA* NA* 
3 13.450 NA* 13.625 NA* NA* 
4 26.719 0.00 27.335 0.00 4 
5 32.750 0.00 33.620 0.00 8 
6 45.058 0.00 46.554 0.00 12 
7 47.339 0.00 48.971 0.00 16 
8 75.838 0.00 79.436 0.00 20 
9 84.239 0.00 88.495 0.00 24 
10 86.113 0.00 90.533 0.00 28 
11 91.283 0.00 96.206 0.00 32 
12 99.281 0.00 105.06 0.00 36 

*The test 1s vahd only for lags larger than the V AR lag order 
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The adjusted statistics for the corresponding Chi-square values, given the degree of freedom, 

show that the hypothesis of no serial correlations has been accepted for upto the 12'h lag at 

1% level. Consequently, the V AR residuals 1\ and 1\ are found to be serially 
U!t U2t 

independent. 

7.11 Homoscedasticity of the V AR Residuals ( 1\ and 1\ ) 
U1t U2t 

Time plots of the VAR residuals ( 1\ and 1\ ) are given by the Figures 7.4 and 7.5 
U!t U2t 

respectively. These figures show that 

(a) there exists no cluster in the time plot of 1\ , and 
U!t 

(b) the time plot of 1\ is also marked by the absence of cluster. 
U2t 

These observations testifY for the 'Homoscedasticity' of the residuals concerned. 

Figure 7.4 
Residuals of"Equation 7.1 

Figure 7.5 
Residuals of"Equation 7.2 
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7.11.1 Further Confirmation ofHomoscedasticty ofthe V AR Residuals: Correlogram 

ofVAR Residuals Variance 

The correlograms of the VAR residuals variance are given by the Figures 7.6 and 7.7. 

Figure 7.6 

Correlogram of Variance of V AR Residuals (A ) 
Uit 

Autocorrelation Partial Correlation 
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AC PAC Q-Stat Prob 

1 0.013 0.013 0.0211 0.884 
2 -0.002 -0.002 0.0215 0.989 
3 0.012 0.012 0.0398 0.998 
4 -0.052 -0.052 0.3833 0.983 
5 0.194 0.196 5.3515 0.374 
6 0.206 0.207 10.983 0.009 
7 -0.103 -0.112 12.410 O.c&J 
8 -0.004 -0.015 12.412 0.134 
9 0.104 0.137 13.883 0.127 

10 0.078 0.071 14.714 0.143 
11 0.182 0.093 19.290 0.056 
12 -0.090 -0.109 20.415 O.OOJ 
13 -0.056 -0.002 20.862 0.076 
14 -0.035 -0.077 21.039 0.101 
15 0.022 -0.038 21.106 0.133 
16 0.087 0.025 22.198 0.137 
17 0.001 -0.009 22.198 0.177 
18 -0.079 -0.030 23.116 0.186 
19 0.021 0.021 23.185 0.229 
20 0.062 O.OOJ 23.758 0.253 
21 0.004 0.071 24.837 0.254 
22 -0.075 -0.123 25.697 0.265 
23 -0.156 -0.102 29.460 0.166 
24 -0.042 -0.007 29.732 0.194 
25 0.059 0.051 30.284 0.214 
26 0.131 0.077 33.000 0.162 
27 0.115 0.122 35.136 0.135 
28 -0.175 -0.105 40.094 0.065 
29 0.096 0.157 41.614 0.061 
30 -0.014 -0.067 41.645 0.077 
31 -0.019 -0.076 41.702 0.095 
32 0.063 0.001 42.385 0.104 
33 -0.122 -0.038 44.926 0.001 
34 -0.016 0.044 44.972 0.099 

. ~ I:J.J.!!? ... !l..:!m .. ~.6~)_1 .!1062 



Figure 7.7 

Correlogram of Variance of V AR Residuals (A ) 
U2t 

Autocorrelation Partial Correlation 
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AC PAC Q-Stat Prob 

1 -0.210 -0.210 5.5818 0.018 
2 -0.205 -0.261 11.004 0.004 
3 0.£153 -0.052 11.518 0.009 
4 0.314 0.298 24.371 O.IDJ 
5 -0.034 0.160 24.523 O.IDJ 
6 -0.188 -0.047 29.208 O.IDJ 
7 0.053 -0.040 29.581 O.IDJ 
8 0.468 0.407 59.129 O.IDJ 
9 -0.229 -0.010 66.226 O.IDJ 

10 -0.008 0.045 67.288 O.IDJ 
11 0.1CE 0.002 68.836 O.IDJ 
12 0.227 0.048 75.998 O.IDJ 
13 -0.134 -0.029 78.518 O.IDJ 
14 -0.079 0.022 79.414 O.IDJ 
15 o.076 -a.CES 00.240 o.cm 
16 0.196 -0.043 85.824 o.cm 
17 -0.104 o.oos 87.401 o.cm 
18 -0.104 -0.076 88.989 O.IDJ 
19 0.054 -0.091 89.430 o.cm 
20 o.185 o.047 94.594 o.cm 
21 -0.098 o.049 96.047 o.cm 
22 -0.102 -0.£130 97.640 0.000 
23 0.116 0.001 99.700 0.000 
24 0.117 0.025 101.85 0.000 
25 -0.002 0.003 102.91 0.000 
26 -0.110 -0.005 104.82 0.000 
27 O.CBJ -0.007 105.85 0.000 
28 0.205 0.094 112.66 0.000 
29 -0.168 -0.032 117.32 0.000 
3) -0.055 0.041 117.82 0.000 
31 0.050 -0.143 118.25 0.000 
32 0.127 0.015 120.99 0.000 
33 -0.115 -0.032 123.25 0.000 
34 -0.062 o.m5 123.90 o.cm 
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7.11.2 Findings From Figures 7.6 and 7.7 

It is observed from the Figures 7.6 and 7.7 that 

(i) the corresponding ACFs are free from any dying out pattern of spikes, and 

(ii) corresponding PACFs do not contain any singularly significant spike at lag one 

or at any other lags onward. 

These observations indicate that 

a) variances of residuals ( 1\ and 1\ ) are free from autoregressive structure, and 
Uit U2t 

b) these, therefore, are homoscedastic. 

7.12 Findings of the V AR Model (Table 7.1) 

It is observed from the estimated equation (7 .I), showing in the Table 7 .I that 

3 1\ 3 
(i) L /J1; <I, I Y!i < I. So the autoregressive and the distributive lag structures 

i;) i=l 

are consistent. 

(ii) OW = I.95 indicates that the system is free from autocorrelation. 

1\ 

(iii) Pu, the coefficient ofE1.J. is significant at IO% level. 

1\ 1\ 

(iv) y 12 , y 13 the coefficient of M1•2 and M1•3 respectively, are significant at 1 %level. 

7.13 Economic Interpretations of Findings in Section 7.12 

The economic significance of these findings is as follows: 

a) Positive and significant coefficient of M1•2 indicates that two period back domestic 

money supply led to depreciation of exchange rate (i.e., rise in Rupee/Dollar 

Exchange rate).This findings supports the main proposition of the MAER model of 

exchange rate determination. 
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b) Again the positive and significant coefficient of E1•1 implies that a rise in 

Rupee/Dollar exchange rate led to a rise in Rupee/Dollar exchange rate in the next 

period (quarter). This feature of exchange rate is a pointer to the occurrences of 

continuous depreciation oflndian Rupee against US Dollar over the period of study. 

1\ " 

c) y 12 , y13 being significant at 1% level, even in the presence of E1.j (i = 1 ,2,3) in the 

vector of regressors indicates that money supply 'Granger Caused' exchange rate 

over the period of the study. 

We have observed that how exchange rate variation is triggered by variation in money 

supply. It does neither confirm nor ignore the possibility that the variation in money supply 

caused by variation in exchange rate. This is possible if money supply is 'activist' with 

respect to exchange rate variation. So there exists a possibility of reverse causation. We seek 

to address this issue henceforth. With this end in view, we estimate equation (7.2) of the 

V AR model where money supply appears the dependent variable. Results of the estimation 

of the equation 7.2 have been presented through the Table 7 .2. 

7.14 Findings ofthe VAR Model (Table 7.2) 

It is observed from the Table 7.2 (Results of the Estimated Equation 7.2) that 

(i) 
3 3 
I:p/\ <1, Ly/\ . < 1. So the autoregressive and distributive lag structures are 
i=l 21 i=l 21 

consistent. 

(ii) D. W. == 2.14 indicates that the system is free from autocorrelation. 

" (iii) {323 , the coefficient of M1•3 are significant at I% level. 

(iv) r/\ and r/\ are not significant even at 1 0% level. 
21 22 
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7.15 E(onomic Interpretations of the Findings in Section 7.14 

It is, therefore, observed from the estimated equation (7.2) that 

" a) /323 , being significant at 1% level, indicates that Mt. m its univariate structure, 

represented AR (3) process. 

" b) /323 > 0 indicate that current money supply was positively related to the money 

supply in three period back. This finding explains an important feature of Indian 

monetary policy. In Indian economy expansionary monetary policy had been 

operative over the period of the study. Money supply increased continuously, 

especially after the bank nationalization. Thus overall increase in money supply 

failed to conform to Friedman's K% point rule. The univariate structure underlying 

the distribution process for money supply, therefore indicates, an underlying 

inclination for maintaining a changing (increasing) mean value over the period 

concerned. 

" c) y 21 _; , the coefficients of E1.i ( i = 1, 2, 3) in the presence of M2t-i ( i = I, 2, 3) being 

insignificant in the vector of rgressors, indicate that exchange rate failed to 

'Granger Caused' money supply during this period. 

7.16 Summary of Findings in Chapter 7 

It is, therefore, observed in section 7.12 through section 7.15 that over the period concerned 

a) money supply 'Granger Caused' exchange rate. 

b) exchange rate failed to 'Granger Cause ' money supply. 

c) there did exist, therefore, 'Uni-directional Causality' running from money supply to 

exchange rate. 
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CHAPTERS 

INTERVENTION ANALYSIS THROUGH THE STUDY OF 
IMPULSE RESPONSE FUNCTIONS 

8.1 Introduction 

The VAR model, studied in Chapter 7, consists of two endogenous variables, namely, 

exchange rate and money supply. Consequently, the model considers two types of shocks. 

Some shocks are transmitted through monetary channel while others are transmitted through 

exchange rate channel. In this chapter we seek to examine the responses of exchange rate 

and money supply to such shocks. Besides, we seek also to examine the relative importance 

of these shocks in explaining variations in Rupee/Dollar exchange rate and money supply 

overtime. 

An Impulse Response Function traces the effects of a one time shocks to one of the 

innovations on current and future values of the endogenous variables. In other words, 

Impulse Response Function traces the response of a variable through time to an 

unanticipated change in 'itself or other interrelated variables. Therefore, the Impulse 

Response Function may be used in any V AR system to describe the dynamic behaviors of 

the whole system with respect to shocks in the residuals of the time series. 

8.2 Graphical Presentation of Impulse Response Functions 

The relevant Impulse Response Functions of economic growth in response to impulses, 

transmitted through the channels of exchange rate and money supplies, are being presented 

through the Figures 8.1 and 8.2. The numerical values of these responses across different 

periods are given by the Table 8.1 
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Figure 8.1 
Response of Et to Cholesky One S.D. Et Innovation ( ± 2SE) 
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Figure 8.2 
Response of Et to Cholesky One S.D. M. Innovation ( ± 2SE) 
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Figure 8.3 
Response of Mt to Cholesky One S.D. Mt Innovation ( ± 2SE) 
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Figure 8.4 
Response of Mt to Cholesky One S.D. Et Innovation ( ± 2SE) 
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Table 8.1 
Response of Exchange Rate 

Period Exchange Rate Money Supply 

1 0.830422 0.000000 
(0.05273) (0.00000) 

2 0.133513 0.028800 
(0.07470) (0.07212) 

3 0.068177 0.221897 
(0.07748) (0.07365) 

4 0.051991 -0.211745 
(0.07900) (0.07435) 

5 O.ot 1746 0.013038 
(0.04090) (0.05567) 

6 -0.047961 0.056876 
(0.03559) (0.05728) 

7 0.040423 -0.108226 
(0.02625) (0.05332) 

8 -0.000217 -0.007245 
(0.01849) (0.03986) 

9 -0.016138 0.031816 
(0.01824) (0.04027) 

10 0.021511 -0.063606 
(0.01692) (0.03948) 

II 0.002930 -0.006216 
(0.01235) (0.02926) 

12 -0.008532 0.013328 
(0.01219) (0.02968) 

13 0.012587 -0.036657 
(0.01146) (0.02851) 

14 0.002026 -0.006300 
(0.00823) (0.02098) 

15 -0.003924 0.004891 
(0.00807) (0.02109) 

16 0.007195 -0.021826 
(0.00762) (0.02019) 

17 0.001614 -0.005361 
(0.00552) (0.01489) 

18 -0.001701 0.000893 
(0.00533) {0.01485) 

19 0.004241 -0.013251 
(0.00510) (0.01424) 

20 0.001222 -0.004330 
(0.00370) (0.01065) 

Table 8.2 
Response of Money Supply 

Period Exchange Rate Money Supply 

I -0.290904 0.996108 
(0.09134) (0.06325) 

2 -0.005848 0.076112 
(0.09293) (0.09022) 

3 0.033248 0.120963 
(0.09284) (0.08997) 

4 -0.197232 0.590295 
(0.10668) (0.09652) 

5 -0.015578 0.113724 
(0.06737) (0.10088) 

6 -0.004469 0.116899 
(0.06664) (0.10114) 

7 -0.117029 0.371004 
(0.07354) (0.10346) 

8 -0.021877 0.107946 
(0.05146) (0.09383) 

9 -0.011900 0.105633 
(0.04951) (0.09615) 

10 -0.072441 0.237188 
(0.05352) (0.09675) 

II -0.020146 0.093191 
(0.03862) (0.08310) 

I2 -0.014014 0.087579 
(0.03711) (0.08523) 

I3 -0.045649 0.155383 
(0.03919) (0.08466) 

14 -0.017116 0.075523 
(0.02945) (0.07217) 

15 -0.013031 0.069675 
(0.02810) (0.07325) 

16 -0.029500 0.103872 
(0.02910) (0.07196) 

17 -0.013747 0.059136 
(0.02269) (0.06197) 

18 -0.011037 0.053964 
(0.02155) (0.06191) 

19 -0.019481 0.070714 
(0.02188) (0.06017) 

20 -0.010702 0.045296 
(0.01767) (0.05256) 
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8.3 Explanation of Exchange Rate Dynamics Through the Impulse Response Functions 

8.3.1 (A) Observations from the Figure 8.1 

It is observed from the Figure 8.1 and Table 8.1 that, following a positive impulse 

transmitted through the exchange rate channel, exchange rate, 

(i) responded immediately by rising above the long-run base at t=1period. 

(ii) declined for the period 2 :5 t :5 6. 

(iii) followed an insignificant damped oscillations above the base for t :5 1 0 periods. 

(iv) almost collapsed on the long-run base fort~ 11. 

8.3.1. (B) Observations from the Figure 8.2 

The Impulse Response Functions to one S.D. variation in M1 , as presented in the Figure 8.2 

and Table 8.2, show that exchange rate 

(i) exhibited delayed response by rising above the base level at t =2 and t = 3. 

(ii) fell bellow the base level at t = 4 period. 

(iii) exhibited damped oscillations for 4 :5 t :5 16 periods. 

(iv) almost collapsed on the equilibrium base level at t > 17. 

8.3.2 Overall Findings on the Nature of Exchange Rate Responses 

8.3.2. (A) The findings in section 8.3 .1. (A) indicate that the shocks, transmitted through the 

channels of exchange rate 

(i) were very short-lived, 

(ii) failed to change the long-run equilibrium base of exchange rate, 

(iii) produced very damped oscillations in the exchange rate around the long-run base. 
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8.3.2. {B) The findings in Sec. 8.3.1. (B) indicate that the shocks, transmitted through the 

monetary channel, 

(i) were also short-lived, 

(ii) failed to change the equilibrium base of exchange rate, 

(iii) accounted for most of the short-run variations in exchange rate fort> 4 periods. 

8.4 Economic Interpretations of the Findings in Section 8.3 

It, therefore, appears that 

a. Et. in response to any impulse, transmitted through previous period exchange rate 

channel, quickly attains long-run equilibrium level after a very short lived variation. 

b. Et, in response to monetary channel, attains the long-run equilibrium level after 

significant short-run variations in several successive periods. 

c. E., exhibits overshooting phenomenon in response to impulse transmitted through 

monetary channel. 

d. the impulse response of E1 depicts a balancing trend in view of the fact the rise in E1 

is followed by subsequent declines in E1• Such counteracting response depicts a trend 

for the maintenance of long-run stability in the dynamics of exchange rate 

movement. 

8.5 Graphical Presentations of Impulse Response Functions for Money Supply 

The Impulse Response Functions of money supply corresponding to equation 7.2 (Chapter 7) 

in the V AR system and in response to impulses, transmitted through the channels of money 

supply and exchange rate, are being presented through the Figures 8.3 and 8.4. The 

corresponding numerical values of these responses are given by the Table 8.2. 
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8.5. (A) Observations from the Figure 8.3 

Figure 8.3 depicts that following shocks, transmitted through the channel of money supply, 

money supply M1 

(i) displayed immediate rise at t = I period. 

(ii) exhibited declining oscillations above the long-run equilibrium level 

fori 5: t 5: 16 . 

(iii) such variation in M, did not collapse on the initial long-run base for t >20. 

(iv) had permanent effect on the variation in M, as it had created a new equilibrium 

base (above the initial base). 

8.5 (B) Observations from the Figure 8.4 

The Figure 8.4 shows that, following shocks, transmitted through the channel of exchange 

rate, money supply 

(i) exhibited a small decline below the long-run base at t = I. 

(ii) registered a small rise above the base level at t = 2. 

(iii) remained below the base level for t ~ 3 periods. 

(iv) exhibited damped oscillations below the base line for t ~ 3 periods. 

(v) did not collapse on the base level for t ~ 20 periods. 

8.6 Economic Interpretations of the Findings in Section 8.5 

The joint study of Figures 8.3 and 8.4 indicates that 

a. short-run variations in money supply were mainly due to impulses, 

transmitted through the channel of money supply. 

b. monetary shocks were long-lived since these have changed the long-run 

equilibrium base. 
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c. exchange rate shocks were weaker than the monetary shocks in generating 

variations in money supply. 

8.7 Overview of Findings From the Impulse Response Functions Study 

These findings give forth two important features of responses of exchange rate and money 

supply to different types of shocks. These are stated below: 

a) Shocks, transmitted through the monetary and the exchange rate channels, were 

short-lived and these failed to bring forth significant changes in both the exchange 

rate and monetary profiles. 

b) Monetary shocks were more dominant than exchange rate shocks in the matter of 

generating short-run variations in exchange rate and money supply. 

c) Monetary shocks led to the emergence of a new long-run initial base for money 

supply. 
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CHAPTER& 

INTERVENTION ANALYSIS THROUGH THE STUDY OF 
VARIANCE DECOMPOSITION 

9.1 Introduction 

While Impulse Response Functions trace the effects of a shock to one endogenous variable 

on the other variables in the V AR Model, Variance Decomposition separates the variations 

in an endogenous variable into the component shocks. Thus the Variance Decomposition 

provides information about the relative importance of each random innovation in affecting 

the endogenous variables in the V AR System. 

The Forecast Error Variance Decomposition reflects the proportion of forecast error 

variance of a variable which is explained by an unanticipated change in itself as opposed to 

that proportion attributable to change in other, perhaps interrelated variables. In other words, 

the Forecast Error Variance Decomposition tells us the proportion of the movement in a 

sequence due to its own shocks versus shocks of the other variables. 

9.2 Variance Decomposition Tables and Figures 

The variance decompositions of exchange rate and money supply variances over 20 quarters 

are being presented through the Tables 9.1 and 9.2 shown below. Graphical presentations of 

such decompositions are shown by the Figures 9.1 and 9.2. 

Figure 9.1 
Graphical Presentation of Variance Decomposition ofEt 
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Figure9.2 
Graphical Presentation ofVariance Decomposition ofMt 
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Table 9.2 Table9.1 
Variance Decomposition of E. Variance Decomposition of M. 

Period S.E. E. M. Period SE Mt E. 
1 0.8304 100.00 0.0000 1 0.830422 92.141 7.858 
2 0.8415 99.882 0.1171 2 0.841580 92.180 7.819 
3 0.8730 93.430 6.5693 3 0.873008 92.191 7.808 
4 0.8998 88.278 11.721 4 0.899823 91.609 8.390 
5 0.8999 88.262 11.737 5 0.899994 91.666 8.333 
6 0.9030 87.945 12.054 6 0.903064 91.741 8.258 
7 0.9104 86.726 13.273 7 0.910424 91.669 8.330 
8 0.9104 86.720 13.279 8 0.910453 91.700 8.299 
9 0.9111 86.619 13.380 9 0.911152 91.748 8.251 
10 0.9136 86.206 13.793 10 0.913622 91.738 8.261 
11 0.9136 86.203 13.796 11 0.913648 91.757 8.242 
12 0.9137 86.185 13.814 12 0.913785 91.783 8.216 
13 0.9146 86.050 13.949 13 0.914607 91.787 8.212 
14 0.9146 86.046 13.953 14 0.914631 91.798 8.201 
15 0.9146 86.043 13.956 15 0.914652 91.811 8.188 
16 0.9149 85.995 14.004 16 0.914941 91.816 8.183 
17 0.9149 85.992 14.007 17 0.914958 91.822 8.177 
18 0.9149 85.992 14.007 18 0.914960 91.829 8.170 
19 0.9150 85.975 14.024 19 0.915066 91.832 8.167 
20 0.9150 85.973 14.026 20 0.915077 91.836 8.163 
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9.3 Explanation of Exchange Rate Dynamics through the Study of Variance Decomposition 

The Figure 9.1 and Table 9.1 show that 

(i) variations in Rupee/Dollar Exchange Rate in 1 ::;; t::;; 20 were mainly due to 

shocks transmitted through the channel of exchange rate. 

(ii) contribution of monetary shocks in exchange rate variations began to increase 

across subsequent periods since t > 2. 

(iii) exchange rate shocks dominated over the monetary shocks in generating short

run variations in exchange rate for the entire period. 

(iv) monetary shocks accounted for at most 14% of total variations in exchange rate 

for t = 20 period. 

(v) exchange rate shocks, on the other hand, accounted for at least 85% of total 

variations in exchange rate. 

(vi) contribution of the exchange rate shock declined over time and such declined 

was about 14% over a period of20 quarters. 

(vii) contribution of monetary shock registered a rise over time and such increase was 

about 14% over a period of20 quarters. 

9.4 Economic Interpretations of Findings in Section 9.3 

These findings indicate that 

a. current period exchange rate (E1) makes countervailing movement following 

variation in previous period exchange rate (E1) in order to attain long-run 

equilibrium level without any significant lapse of time. 

b. exchange rate, following domestic monetary shock, displays significant rise 

over a few successive periods until it reaches the long-run equilibrium level. 

c. short-run variations in exchange rate (E1) are to a larger extent a 'Monetary 

Phenomenon' since such variations are mainly due to monetary shocks. 
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9.5 Explanation of Money Supply Dynamics Through the Study of Variance 

Decomposition 

The percentile decomposition of variance of exchange rate representing contribution of 

shocks, transmitted through the channels of two endogenous variables, is given by the Table 

9.2. The corresponding graphical presentations are given by the Figure 9.2. 

The Table 9.2 and Figure 9.2 show that 

(i) monetary shock accounted for 91.836% of variations in money supply at t = 20 

period. 

(ii) monetary shock accounted for 92.141% of variations in money supply at t = 1 

period. 

(iii) contribution of monetary shock to total variations in money supply declined by 

only 0.3% over a period of20 quarters. 

(iv) contribution of exchange rate shocks to total variations in money supply 

increased by only 0.3% (from 7.85% to 8.163%) over this period. 

9.6 Economic Interpretations of Findings in Section 9.5 

These findings indicate that 

(i) long-run equilibrium base for money supply was stable and it was constituted by 

the monetary shocks. 

(ii) exchange rate shocks failed to produce any significant variations in money 

supply over a period of20 quarters. 
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9. 7 Overview of Findings of the Chapter 9 

The main findings from the study of Variance Decomposition are as follows: 

(i) Exchange rate shocks constitute the long-run base for the Rupee/Dollar 

exchange rate. 

(ii) Short-run variations in exchange rate are mainly a 'monetary phenomenon' 

since monetary shocks accounted for a significant part of variations in exchange 

rate. 

(iii) Exchange rate maintains a 'stable' long-run equilibrium relation with lagged 

exchange rate and money supplies since its responses revert to long-run path 

before long following impulses, transmitted through all the channels considered. 

(iv) Exchange rate shocks failed to produce any variations in monetary growth. 

(v) Monetary shocks, on the other hand, were the predominant factor behind the 

variations in money supply over a 20 quarter period. 

These observations also testify for the 'Unidirectional Causal relation', running from 

money supply to exchange rate in the economy of India over the period 1975(!) -2006(/V). 
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CHAPTER 10 

GRANGER CAUSALITY TEST BETWEEN RUPEE/DOLLAR 
EXCHANGE RATE AND MONEY SUPPLY 
• Study With A Restricted VAR Model 

10.1 Introduction 

Period after 1970 is marked by the growth of plethora of theories on the determination of 

exchange rate. Many of these theories stress upon a causal link between the change in the 

money supply and the change in the exchange rate. It, therefore, becomes pertinent to 

examine if money supply has been an important factor behind the exchange rate variation in 

India. More specifically, it is important to examine if variation in exchange rate has been 

caused by variation in money supply. This is the issue of our study in this chapter. 

The estimated Unrestricted V AR model in chapter 7 gives a hint about the direction and 

nature of causality between variables concerned. However, in the V AR model the 

specification of lags structures for both the variables is required to be uniform. 

Consequently, the model is 'over parameterized'. Such an 'Unrestricted VAR Model', 

therefore, appears to be less informative about the causality between variables. In such case 

'Restricted VAR Model' may be of great help. A variant of such 'Restricted VAR Model' is 

used in 'Granger Causality Approach'. We seek, therefore, to study the causality between 

exchange rate and money supply in this chapter through 'Granger Causality' Method with a 

Restricted VAR Model. The model is presented below. 

10.2 The Model 

Following 'Granger Causality' test procedure, we have formulated the following Restricted 

V AR model. It may be noted that the dataset is quarterly in nature. So the infinite lag 

structure has been discarded in favor ofthe finite lag structure. Consequently, the model is: 

( 10.1) 

(10.2) 
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where, E1 is the Rupee/Dollar exchange rate in period t 

£ 1_ 1 is the Rupee/Dollar exchange rate in period t-1 

M, is the money supply oflndia in period t 

Mt-J is the money supply oflndia at period t-j,j = 1,2,3,4 

Et-J is the Rupee/Dollar exchange rate oflndia at period t-j,j = 1,2,3,4 

-91 ~ i i d N (0, a~) and OJt - i i d N (0, a~ ) 

10.3 Estimation and Result 

The estimated equation ( 10.1) is presented below 

Table 10.1 
Results of Estimated Equation 10.1 

Dependent Variable E, 
Sample (adjusted): 1976(11)- 2006(/V) 

Included observations: 123 (after adjusting endpoints) 

Variable Coefficient SE t-statistic Pro b. 

Constant 0.258 0.101 2.549 0.01 
Et-t 0.196 0.093 2.107 0.03 
Mt-1 0.026 0.076 0.344 0.73 
Mt-2 0.173 0.068 2.544 0.01 
Mt-3 -0.263 0.077 -3.414 0.00 
Mt-4 0.024 0.094 0.258 0.79 

RL=0.137, Adjusted R:z= 0.104, AIC = 2.507, 
SC = 2.644, F-statistic = 3.728, 

DW=2.04 

10.4 Findings From the Table (10.1) 

It is observed from the estimated equation (1 0.1) that 

A 

(i) p is statistically significant at 5% level. 

1\ 

(ii) p = 0.196 < 1 and the system is stable. 
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(iii) 
4 1\ 

I: <1 So the distributive lag structure is consistent. 
i=1Yr-J • 

(iv) D.W. = 2.04 indicates that the equation is free from autocorrelation. 

1\ 1\ 

(v) y 2 and y3 , the coefficient of M1•2 and M1_3 respectively are statistically 

significant at 1 % level. 

1\ 1\ 

(vi) All other coefficients such as y1 and r 4 are insignificant even at 10% level. 

However, in view of the results of estimation, the Equation 10.1 may be modified through 

the exclusion of variables the coefficient of which are found to be statistically insignificant. 

The modified equation is: 

1 1\ 1\ 

Er = 17 +A Er-1 + 1rt Mr-2 + 7r2 Mt-3 + Vt (10.3) 

The estimable equation (10.3) is expected to provide better estimation in view ofthe gain in 

degrees of freedom resulting from exclusion of insignificant variables from equation ( 10.1 ). 

10.5 Results of Estimation of the Modified Estimation (10.2) 

This equation ( 1 0.3) is estimated and results are being presented through the Table 10.2 

Table 10.2 
Results of Estimated Equation 10.3 

Dependent Variable: E1 

Sample (adjusted): 1976(1)- 2006(IV) 
Included observations: 1 24(after adjusting endpoints) 

Variable Coefficient S.E. 
t-

Pro b. 
Statistic 

c 
0.265 

0.093 2.85 0.00 
Et-t 0.168 

0.087 1.923 0.05 
Mt-2 0.182 

0.067 2.711 0.00 
Mt-3 -0.240 

0.069 -3.477 0.00 

R = 0.128, Adjusted Rl = 0.106 
AIC = 2.49, SC = 2.58, F-statistic = 5.907, 

DW = 1.976 
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10.6 Findings of the Modified Estimation (Equation 10.3) 

It is observed from the estimated Equation 1 0.2, shown in the Table 1 0.2 that 

1\ 

(i) A, the coefficient ofE1_1 is significant at 5% level. 

1\ 

(ii) A is positive and less than one (0 <A < 1). 

(iii) ;
1 
and ;

2
, the coefficient of M1_2 and M1_3 respectively are significant even at 

lo/olevel. 

(iv) 

(v) 

(vi) 

;
1 

is positive and less than unity, ;
2 

is negative and 1;
2
1 < 1. 

2 
:L/\<1. 
i=ltr; 

DW = 1.976 means that the model is free from autocorrelation. 

10.7 Economic Interpretations of Findings in Section 10.7 

Economic implications of these findings are as follows 

1\ 

(i) Positive and significant A, the coefficient of E1_1 implies a rise in Rupee/Dollar 

(ii) 

exchange rate following a rise in Rupee/Dollar exchange rate in the previous 

period (quarter). This feature of exchange rate indicates continuous 

depreciation of Indian Rupee against US Dollar which occurred over the period 

of study. 

Significant 1\ and 1\ indicate that M1 money supply of India in two and three 
.1rJ 1r2 

quarter back affected the current Rupee/Dollar exchange rate significantly even 

in the presence of lagged exchange rate in the vector of regressors. It, therefore, 

appears that, in Indian economy, variations of Rupee/Dollar exchange rate 

were Granger caused by variations in money supply over the period 

concerned 
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(iii) Moreover, ;
1 
= 0.182 implies that variation in the current exchange rate is 

positively related to the variation of money supply in the previous quarter. Any 

rise in money supply causes a rise in Rupee/Dollar exchange rate. In other 

words, rise in the money supply leads to depreciation of exchange rate (i.e., rise 

in Rupee/Dollar Exchange rate). This finding supports the main proposition of 

the Dornbush model of exchange rate determination (1976) and the monetary 

model of exchange rate determination etc. 

(iv) ;
1 

= 0.18, ;
2 

=- 0.24 indicate that the exchange rate underwent appreciation 

after initial depreciation. This feature of exchange rate variation is known as 

'Overshooting' of exchange rate. It, therefore, appears that the process of 

dynamic adjustment of Rupee/Dollar exchange rate follows 'Overshooting' 

phenomenon in respect of monetary shock. 

10.8 Tests for Reverse Causation 

We have observed that Indian money supply Granger caused Rupee/Dollar exchange rate 

variation. It does neither confirm nor neglect the possibility that the variation in money 

supply was caused by variation in exchange rate. This is possible if money supply was 

'activist' with respect to exchange rate variation. So there exists a possibility of reverse 

causation. We seek to address this issue henceforth. With this end in view, we perform the 

Granger Causality Test with money supply as the dependent variable as given in equation 

(10.2). 

10.9 The Model 

The model used for the study of reverse causation is presented below through the equation 

(10.2). 

Mt = cp + Jl Mt-J + B1 Et-1 + B2 Er-2 + ()3 Et-3 + fh Et-4 + {J)r 

where, M 1 =money supply in period t 

M 1_1 = money supply in period t-1 

E, = exchange rate in period t 
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Et-f =Rupee/Dollar exchange rate in period t-j, j = 1, 2, 3, 4. 

and OJ1 - i i d N ( 0, a!) 

10.10 Estimation and Results 

The model (10.2) has been estimated with differenced data set for variables concerned over 

the period ofthe study. The results of estimation are being given by the Table 10.2. 

Table 10.3 
Results of Estimated Equation 10.2 

Dependent Variable: Mt 
Sample (adjusted): 1976(/J)- 2006(/V) 

Included observations: 123 after adjusting endpoints 

Variable Coefficient S.E. t- Pro b. 
statistic 

c 0.503 0.146 3.426 0.00 
Mt-1 0.313 0.096 3.248 0.00 
Et-1 0.219 0.132 1.651 0.10 
Et-2 0.023 0.129 0.180 0.85 
Et-3 -0.277 0.129 -2.146 0.03 
Et-4 -0.016 0.130 -0.125 0.90 

R2 = 0.11, Adjusted R2 = 0.08, AIC = 3.25, SC = 3. 92 
F-statistic = 3.82, DW = 2.07 

10.11 Findings 

It is observed from the estimated equation (1 0.3) that 

1\ 

(i) Jl = 0.459 < 1 and the system is stable. 

4 
(ii) 2: B . < 1. So the lag structure is consistent. 

i=l 1 

(iii) D.W. = 2.07 indicates that the system is free from autocorrelation. 

1\ 

(iv) J.L, the coefficient ofM1_~, is significant even at 1% level. 
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(\ (\ 

(v) ()1 and ()3 , the coefficients of Et.2 and E1•2 are significant at 10% and 5% level 

respectively. 

However, in view of the results of estimation, the equation (10.2) may be modified through 

the exclusion of variables, the coefficient of which are found to be statistically insignificant. 

The modified equation is 

(10.4) 

10.12 Results ofthe Modified Estimation 

This modified equation is estimated by using the stationary dataset for the variables 

concerned and the results are being presented below. 

Table 10.4 
Results of Estimated Equation 10.4 

Dependent Variable M, 
Sample (adjusted): 1976(1)- 2006(/V) 

Included observations: 124 (after adjusting endpoints) 

Variable Coefficient SE t-Statistic Pro b. 

c 0.498 0.137 3.631 0.00 
Mt-1 0.317 0.093 3.387 0.00 
Et-1 0.219 0.129 1.691 0.09 
Bt-3 -0.277 0.125 -2.218 0.02 

R2 = 0.12, Adjusted R2
= 0.09, AIC = 3.21, 

SC = 3.30, F-statistic = 5.45, 
DW=2.07 
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10.13 Economic Interpretations 

It is observed from the Table 10.4 that 

1\ 

(i) M1 was a function of M1•1 since If' is significant. It indicates that Mt. in its 

univariate structure represented an AR(l) process. 

1\ 

(ii) If' > 0 indicates that current money supply was positively related to the money 

supply of the previous period. A rise in money supply in the previous period was 

followed by a rise in the current money supply. Consequently, money supply in 

the next period registered rise. Thus the overall money supply seem to display a 

nature which failed to conform to Friedman's K% point rule. The univariate 

probability structure underlying the distribution process for money supply, 

therefore, indicated an underlying inclination for maintaining a stable mean 

value over the period concerned. 

(iii) significant coefficients ~~ and ~3 essentially indicate that two period and three 

period lagged exchange rates affected current money supply significantly even 

in the presence of lagged money supply in the vector of regressors. Thus 

exchange rate 'Granger caused' money supply over the period concerned. 

(iv) ¢
3 

< 0 deserves further explanation. It may be noted that E1 essentially 

represents 'spot exchange rate' (the rupee price of one unit of dollar). So a rise 

in exchange rate indicates depreciation oflndian rupee against dollar. Now, ~3 < 

0 indicates that money supply declined following three quartet back depreciation 

of rupee. This is indicative of the 'Activists ' nature of the monetary policy in 

Indian economy. Since ¢
3 

< 0, it further seems to indicate that monetary policy 

was 'counteracting' with respect to exchange rate variation. 

(v) ¢1 + ¢3 = - 0.058. Consequently, the variations in money supply in t-1 and t-3 

periods led to only 0.06% decline in money supplies. This is very insignificant 
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by any standard and it indicates that, though money supply appeared to 

'Granger Cause' exchange rate, the strength of the causal effect was very 

insignificant. 

10.14 Overview of Findings in Sections 10.8-10.14 

It is observed from our study in sections 10.8- 10.14 that over the period of study 

(i) exchange rate was 'Granger Caused' by money supply. 

(ii) money supply was also 'Granger Caused' by exchange rates. However, the 

strength of such causal effect was very insignificant. 

(iii) there did exist, therefore, 'Bi-directional Causality' between exchange rate and 

money supply. 

This finding of 'Bi-directional Causality' is in striking contrast with the finding of 'Uni

directional causality' running from money supply to exchange rate in our study with the 

Unrestricted V AR Model in Chapter 7. We, therefore, seek to enquire further into the 

nature and direction of causality through 'Spectral Analysis' in the next chapter. The 

'Frequency Domain' study is expected to supplant and supplement the 'Time Domain' 

study. 
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CHAPTER 11 

SPECTRAL ANALYSIS FOR CONFIRTMATION OF THE 
NATURE OF GRANGER CAUSALITY 

11.1 Introduction 

The appearance of 'Spectral Analysis ' in the study of macroeconomic time series data from 

the middle of 1960s, motivated by the requirement of a more insightful knowledge of the 

series structure and supported by the contemporaneous progress in spectral estimation and 

computation. The first work on Spectral Analysis, undertaken by Nerlove ( 1964), focused on 

the problem of seasonal adjustment procedure and on the general spectral structure of 

economic data. Granger and Hatanaka (1964) emphasized on use of the 'Cross Spectral 

Methods' as being important tools for discovering and interpreting the relationship between 

economic variables. After the early years, the range of application of such analysis was 

extended to the study of other econometric issues, like the trade cycle separation, the 

problem of business cycle extraction and the analysis of co-movements among series. It has 

been tool for inspecting cyclical phenomenon and highlighting led-lag relations among 

series. It also provides a rigorous and versatile way to define formally and quantitatively 

each series components and by means of filtering, it provides a reliable extraction method. In 

particular, 'Cross Spectral Analysis' allows a detailed study of the correlation among series. 

Spectral Analysis may sound strange initially, but it can actually relate to daily life. When 

we look at some monochromatic light source, we feel it 'strength' and 'color'. The color of 

the light source reflects the frequency of the light emitting from the source. In this instance, 

our eyes behave as crude 'spectrometer', namely, a meter for measuring 'spectra'. In simple 

terms, it can differentiate different 'colors' of light. When the light source emitting white 

light, our eyes, due to its crudeness, cannot see these different 'colors' contained in it. We 

need some other better tools, like, a prism to see the frequency composition of light. 

'Spectral Analysis' plays the role of a prism when we try to look at the frequency 

composition of a time series. 
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We seek to examine the causal relation between Rupee/Dollar exchange rate and money 

supply in this chapter through the 'Spectral Analysis'. This will enable us to re-examine the 

nature and direction of 'Granger Causality', as obtained in Chapters 6 through I 0, between 

the variables concerned. 

11.2 Spectral Estimation: Methodology 

11.2.1 Fourier Transformation 

Given a function h(t) of real variable t, the Fourier Transformation ofh(t) can be defined as 

+oo 

H(w) = f h(t)eiwt dt (11.1) 
-00 

provided the integral exists for real w. 

A sufficient condition for H(w) to exist is 

+oo 

Jh(t)dt < 00 

-oo 

If (II. I) is regarded as an integral equation for h(t) given 

H(w), then a simple inversion formula exists of the form 

l+oo 
h(t)=- J H(w)eiwtdw 

2;r -00 

and h(t) is called the Fourier Transform ofH(w) 

In time series the discrete form of the Fourier Transform is used when h(t) is only defined 

for integral values oft. 

Then we have 

+oo . 
H(w) = 'Lh(t)e-'w1

, 

-oo 
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is the Fourier Transform of h(t). Here H(w) is defined only in the interval [- 1r, 1'l ]. The 

Inverse Fourier Transform is given by 

1 ftr . h(t)=- H(w)e 1
w

1dw 
21'l tr 

11.2.2 Peridogram and Auto-Spectrum 

Let us consider a finite series UG) of length T = N L\t 

where 

N Number of data 

L\t the sampling periodicity 

Vk = 

= 

k 
the frequency = -

NI:lt 

the time = j L\t 

The Discrete Fourier Transform (DFT) U(k) of UG) and its inverse (IDFT) for finite series 

are 

U(k) = _!__ ~u(j)e-i2trfk!N 
N J=O 

1 [n-l]/2 . . 
UU)=- L uU)e-tZ;gkJN 

N J={) 

where kE [-[N/2],[(N-1/2] andj = 0, ..... , N-1 

( 11.3) 

Equation (11.3) can only be an approximation of the corresponding real quantity, since it 

provides only for finite set of discrete frequencies. The quantity 

P u(k) =I U (K) 12 is the Power Spectrum and its estimators is 'Schuster's Periodogram '. 

[N-IJ 

P, (k) = L\t LYun(J)e-12'1/k!N 
J,.-[N-IJO 
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[N-1] 2:r.Jk 
= L Yun(J)Cos-

J=-[N-1]0 N 

where, Yuu(-J) = Yuu(J) 

(N-J) 

N-1 L:[{u(J)- u}{u(J + J)- u}] 
J=-(N-J) 

and y un ( J) is 'Standard Sample Estimation ' at Lag J of the 'auto covariance Function ' 

The technique of 'Windowing' is applied for building a 'Spectral Estimation' which has a 

smaller variance than Pu (k). The result of 'Windowing' is the 'Smoothed Spectrum'. 

Since Pu(k) and Yu(J) are related by DFT, equation (10.6)can also be written as 

[N-1/2] 

Su(k)=M L:PM(K')WM.(k-k') 
k'=-(N /2) 

Here the Convolution of the Periodogram Pu(k) with Fourier Transformation of WM(J) is the 

'Spectral Window' WM(K) of width M' = M-1
• 

Thus the 'Smoothed Spectrum' is nothing but the Periodogram seen through a window 

opened on a coverient interval around k. 
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11.2.3 Cross Spectrum 

Cross Spectrum is obtained by substituting the Cross-Covariance Function in equation ( 11.6) 
for the Autocovarience Function. Thus, if we have two time series u1(J) and u2(J) and their 
Cross Covariance Function y 22 ( J) = y 22 ( -J), the Cross Spectrum is 

N-1 

Su(k)=~t Lw(J)y12(Je)e-i21tfk!N 
J=-(N-1) 

A A 

(11.8) 

The real part Q12 ( k) is the 'Cospectrum' and the imaginary Q12 ( k) the 'Quadrature 

Spectrum'. 

Here the coherence spectrum is 

(11.9) 

and the 'Phase Spectrum' is 

Q (k) =arctan(- q1(k)J 
I Ql(k) 

(11.1 0) 

Again the 'Gain Spectrum ' is 

(11.11) 
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11.3 Univariate Periodograms Nature and Significance 

The Univariate periodograms for Exchange Rate (Et) and Money Supply (M1) are given by 

the Figures (11.1)- (11.2). The Figure (10.3 - 10.4) provides the corresponding' Univariate 

Periodograms' by periods. 

Figure 11.1 

Periodogram of Excllaage Rate by Frequency 

• --T···· --~ "-.---<-··-·-~·· -~-~---~---~r-·-------·...,-----· ---~----........,......-~ 
"''~ •:.I ~.}:;; 0' o.... 0'5 

P'requencv 

Figure 11.2 

Periodogram of Money Supply by Frequeacy 

Figure 11.3 

Periodogram of Exchange Rate by Period 

_/ 
•->.Co£U· 

"""" -------------.. -----------....,.......-----------· ---r-- -----....,--
'!' 01!!' o 1 oeo.:: ' "!'~!!!~ 
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Figure 11.4 

Periodogram of Money Supply by Period 

(A) Figure 11.1 indicates that 

(i) the periodgram of exchange rate is not a horizontal straight line and it has 

several peaks of almost equal heights at different frequencies. Consequently, 

exchange rate series exhibited periodicities in it. 

(ii) the existence of several peaks indicate that variances were decomposed without 

'uniformity' over different frequencies. Consequently, the exchange rate series 

were not a 'white noise' one. 

(iii) several upswings and downswings in the series across different frequencies 

testifY for the stationarity of the series concerned. 

(iv) several upswings and downswings with almost equal heights testifY for the 

presence of AR(1) structure for the exchange rate series. 

(B) Figure 11.3 presents the 'Periodogram of Exchange Rate' by periods. It shows 

(i) the concentration of ups and downs in the early periods ( 1 - 10 periods) 

approximately indicating AR(p) structure of the exchange rate series. 

(ii) the existence oftwo sharp peaks in this range (1 - 10 periods) indicates 

the possibility of either AR(l) or AR(2) structure for the exchange rate. 

However, greater concentration of ups and downs around the first peak 

125 



makes an AR(l) structure more plausible for the exchange rate series. 

This is supported by the finding in our study with the V AR model in 

chapter 7. The estimated equation (7.1) in the Table 7.1 shows AR(1) 

structure for the exchange rate. 

(C) Figure 11.2 shows that 

(i) the periodogram of money supply series is not horizontal straight line and it 

has one peak at 0.25 frequency. Consequently, the money supply series 

displays periodicities. 

(ii) the existence of ups and downs with a singular large peak at 0.25 frequency 

indicates that variances were decomposed without uniformity over different 

frequencies. Consequently, money supply series appears to be other than 

'white noise' one. 

(iii) several upswings and downswings across different frequencies testify for the 

stationarity of data set. 

(iv) presence of one sharp peak at 0.25 (approx) frequency indicates an AR(p) 

structure for the series where 1 :::;: p :::;: 4 since the dataset is quarterly by 

nature. 

(D) Figure 11.4 presents the 'Periodogram of Money Supply' by period. It shows 

(i) the concentration of ups and down in early periods (1 - 5 periods 

approximately) indicating concentration of variations in this range. 

(ii) the existence of a sharp peak at about period 3 indicating an AR(3) structure for 

the series. The dataset being quarterly by nature, the plausible AR(p) structure 

indicates that p :::;: 4 . 

AR(3) structure for the money series appears to be more plausible since the estimated 

money equation (7.2) in the Table 7.2 testifies for the AR(3) structure for the series 

concerned. 
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11.4 Spectral Density Representations: Nature and Significance 

Figures (11.5) - (11.6) present the 'Spectral Density by Frequency' for E1 and Mt 

respectively. These figures also indicate that each 'Spectral Density' is free from any 

noticeable 'periodicity. Absence of sllarp peaks in tile spectral densities at regular 

intervals of frequencies indicates that the univariate spectral structures of the variables (E, 

and MJ do not exhibit any cyclical bellavior. 
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Figure 11.5 
Spectral Density of Exchange Rate by Frequency 
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Frectueney 

Figure 11.6 
Spectral Density of Money Supply by Frequency 

0.1 0.4 0.5 
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Figure 11.7 
Spectral Density of Exchange Rate by Period 
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Figure 11.8 
Spectral Density of Money Supply by Period 
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The corresponding 'Spectral Densities by period' for Exchange rate and Money supply are 

given by the Figures II. 7 and 11.8. These figures also exhibit 'periodicity' in the 'Spectral 

Densities' concerned at lower range of periods. These findings confirm the incidence of 

statistically significant autoregressive structures for the endogenous variables (E1 and M1) in 

the VAR Model studied in Chapter 7. 

128 



11.5 The 'Cospectral Densities by Frequency' For Exchange Rate (E.) and Money 

Supply (Mt) 

The 'Cospectral Density by Frequency' for Et and Mt is given by the Figure 11.9. 

Figure 11.9 
Cospectral Density of E. and Mt by frequency 
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Frequency 

·,f.,~·Jndow: Tub~-y-Hamming (5) 

The 'Conspectral Density' 

(i) is not horizontal straight line. 

(ii) is marked by the presence of structural ups and downs. 

(iii) contains peak at frequency 0.35 (approx). 

Figure 11.10 
Cospectral Density of E. and M. by Period 

5.QE1 1 .oe:: 1 ~ 

Period 
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The Cospectral Density by period for these variables as given by the Figure 11.10 also 

exhibits these features. However, in this Cospectrum the sharp peak appears at period 3 

(approx). 

These observations indicate that 

(i) there did exist significant co-movement ofEt and M1 over the period of time. 

(ii) the co-movement is marked by some 'periodicities'. 

(iii) there did exist a dominant periodicity at period 3 (approx). 

All these observations confirm that E1 and M1 are 'cointegrated' and the long-run 

relationship between these variables is 'stable'. 

11.6 'Coherency Spectrum' For E1 and M1 

The 'Coherency Spectrum' by 'frequency' between E1 and M1 is being presented through 

Figure 11.11 while the Figure 1 1.12 presents the corresponding 'Coherency Spectrum' by 

period. 

Figure 11.11 

Coberencies of Exchange Rate and Money Supply by Frequency 
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Frequency 

Nindow: Tukey·H<lMlming (5) 
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Figure 11.12 
Coherencies of Exchange Rate and Money Supply by Period 
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The •coherency Spectrum' in Figure 11.11 shows that 

(i) the 'coherency' for the variables E1 and M1 as high as 0.90 at frequency 0.25 

(approx). 

(ii) the 'Coherency' is 0.8 (approx) at frequency 0.325 

The 'Coherency Spectrum' in Figure 11.12 correspondingly shows that 

(i) the 'Coherency' is as high as 0.90 at period 3, and 

(ii) the 'Coherency' is about 0.8 at period 0.2. 

All these observations confirm that 

(i) there did exist high intensity of co-movements of the variables concerned. 

(ii) there did exist a •stable' relationship between the variables concerned. 

(iii) there did exist signifiCant periodicity' at frequency 0.25 or at period 3. 
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11.7 The 'Gain Spectrum' for E1 and M1 

The 'Gain Spectrum ' for E1 and M1 by frequency is given by the Figure 11.13. 

Figure 11.13 
Gain of Exchange Rate (var 00001)) and Money Supply (var 00002) 
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(i) the 'Gain' of Exchange rate (E1) form Money Supply (M1) lies over the 'Gains' 

of Et from M1 across almost all the frequency levels. 

(ii) the 'Gain' ofE1 from M1 is about 2.25 at frequency o.25 (approx). 

All these observations confirm that 

(i) the contribution of variations in Money Supply (MJ to variations in 

Exchange Rate (EJ was higher than that of Exchange Rate (EJ to Money 

Supply (MJ at all frequency levels and therefore, 

(ii) there did exiW 'Uni-directional Granger Causality' from Money Supply (MJ to 

Exchange Rate (EJ over the period of our study across almost all the 

frequency levels. 
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11.8 'Phase Spectrum' for Et and Mt 

The 'Phase Spectrum' for E1 and M1 is being presented through the Figure 11.14. 

E 
:II 

4 

::: 

f: 0 • A. 
Cl) 

Figure 10.14 
Phase Spectrum of Exchange Rate and Money Supply by Frequency 

0.0 0.1 0.2 0.3 0.4 0.5 

Frequency 

The 'Phase Spectrum' shows that the phase difference Q12 (k) is negative over almost all the 

frequency levels barring frequency range (0.3 - 0.42). 'Money Supply', therefore, was in 

'lead' position and 'Exchange Rate' was in 'lag' position across almost all the frequency 

levels. However, the lagged position of 'Exchange Rate' implies that variation in 'Money 

Supply' was an important source of variation in exchange rate. 

This observation indicates that variations in Money Supply occurred first and such variations 

then led to variations in Exchange Rate. Consequently, the 'Uni-directional Causality' from 

'Money Supply' to 'Exchange Rate ' is further established. 
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11.9 Overview of Findings From the Spectral Analysis 

In this 'Spectral Analysis 

(i) 'Univariate Periodograms' for E, and M, confirm that M, and E, are 

'Stationary' i.e. E, -1 (0) and M,- 1(0). Consequently, e,- 1(1) and m,- 1(1). 

(ii) 'Auto Spectram' confirm presence of periodicity in E, and M, across different 

frequency and the incidence of statistically significant auto-regressive 

structure for the endogenous variables in the VAR model studied in Chapter 7. 

(iii) The 'Cospectrum' for E, and M1 exhibits 'periodicity' at period 3. This 

confirms that E, and M1 are 'Cointegrated' and the long-run relationship 

between E, and M1 is 'Stable'. 

(iv) The 'Coherence Spectrum' forE, and M, confirms that there did exist strong 

'Coherence' in their co-movements over the period of study. 

(v) The 'Gain Spectrum' for the variables confirms the existence of 'Uni

directional Granger Causality' from Money Supply to Exchange Rate over the 

period of study. 

(vi) The 'Phase Spectrum' for the variables further confirms that Money Supply 

'Granger Caused' Exchange Rate in India over the period of study. 
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CHAPTER 12 

STUDY OF CAUSALITY BETWEEN EXCHANGE RATE AND MONEY 
SUPPLY IN THE BASKET PEG REGIME 

12.1 Introduction 

The relationship among macro-economic variables estimated by using the historical dataset 

may not represent the dynamic nature of the relationship. The relationships among the 

variables undergo changes following structural changes in the economy. The data used for 

econometric analysis embody the outcome of structural changes and, therefore, the 

consequent changes in the macroeconomic relationship. In the event of the presence of 

structural changes, the estimated econometric relationships among macro-economic 

variables fail to represent the true economic relationship. 

The study covers the historical period 1975 (I) - 2006 (IV) when India has undergone two 

different exchange rate regimes, namely, 

a. The Regime of Basket Peg Exchange Rate System, during 1974 to 1992 (I), 

and 

b. The Regime of Market Determined Exchange Rate System, from September 

1994~ to till date. 

The policy and practices that Reserve Bank of India (RBI) followed for controlling and 

stabilizing the value of Indian Rupee in terms of major international currencies like Dollar 

were markedly different under these two exchange rate regimes. Therefore, it is very 

pertinent for us to enquire the role of money supply in India for stabilizing the value of 

Rupee/Dollar exchange rates. This is expected to enrich our knowledge about the theoretical 

and empirical mechanisms of the variation in Rupee/Dollar exchange and a better 

~ Period covering from March, 1992 to August, 1994 may be termed as transition period for achieving 
fully Flexible Market Determined System of exchange rate. 
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understanding about the exchange rate policies and practices pursued by RBI. In this chapter 

we have addressed these issues in detail. With this end in view, first we have sought to 

enquire into the interrelationship between exchange rate and money supply in the Basket peg 

period of exchange rate covering period 197 5(I) - 1992(1). 

12.2 The Relationship Between Money Supply and Exchange Rate in the 'Basket-Peg 

Period' of Exchange Rate 

For examining the relationship between the variables concerned in the Basket-Peg Period of 

Exchange Rates [1975(1) - 1992(1)], we have applied the Vector Autoregression Model 

where all variables are treated symmetrically without the reference of dependence versus 

independence. With this end in view, we have developed an appropriate V AR model for 

estimation in order to examine the effects of cross equation shocks on the endogenous 

variables concerned. 

12.3 The V AR Model 

The model of Vector Autoregression (V AR) for Rupee/Dollar Exchange Rate (E.) and 

money supply (M1) is as follows: 

k k 
Et = a1 + LPt;Et-1 + LYliMt-i + Ult (12.1) 

i=l i=l 

k k 
Mt = a2 + 'LP2;Mt-i + LY2;Et-i + u21 (12.2) 

i=l i=l 

Here, E1 and M1 represent Rupee/Dollar exchange rate and money supply (M1) in India at 

time t respectively. E.-i and M1.i represent exchange rate and money supply at time t-i, i = 

1,2,3, .... , respectively. u10 u21 are the stochastic error terms, called impulse or innovations 

or shocks in the V AR model. 

These equations (12.1) and (12.2) do not represent any joint relationship among E1 and M,. 

These equations, therefore, represent "Seemingly Unrelated Regression" (SUR) model. The 
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estimation of the model considers and uses the contemporaneous Var-Covariance matrix 

(Q) of the error terms involved such that Q = Var-Cov (u11, u2t), where Q is a positive 

definite matrix. 

12.4 Selection of Lag Lengths 

For selecting optimum lag length, we have followed Enders (1995) and started with eight 

lags and reduced lags one by one and carried out the test, given that estimated t-static for the 

coefficient of discarded lag is insignificant. With the 2"d, 3rd and 4th lag few coefficients have 

been found statistically significant. But corresponding to the 4th lag AIC and SC of model 

selection was minimum and, therefore, we have taken 4th lags in the V AR estimation. 

12.5 Results of Estimation of the V AR Model 

The results of estimation of the VAR model involving Equations 12.1 and 12.2 are being 

presented below through the Tables 12.1 and 12.2. 

Dependent 
Variable 

Et 

Table 12.1 

Results ofV AR Estimation (Equation 12.1) 

Sample: 1975(/V) -1992(1) 

Included Observations: 64 

Explanatory 
Coefficients S.E. 

't' 
Variables statistic 

Constant -0.1517 0.141 -1.069 
Er.J 0.1539 0.139 1.104 
Et-2 0.0568 0.145 0.390 
Et-J -0.4221 0.223 -1.887 
Et-4 -0.1350 0.232 -0.581 
Mt-t 1.3612 0.446 3.048 
Mt-z 1.5071 0.515 2.921 
Mt-3 0.2762 0.521 0.529 
Mt-4 0.1961 0.498 0.393 

R2 = 0.32, Adjusted R2 = 0.27, 
AIC = 1.91, SC = 2.21, F-statistic = 3.31, 

DW= 1.93. 
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0.28 
0.27 
0.69 
0.06 
0.56 
0.00 
0.00 
0.59 
0.69 



Dependent 
Variable 

Mt 

Table 12.2 

Results of V AR Estimation (Equation 12.2) 

Sample: 1975(/V) -1992(1) 

Included Observations: 64 

Explanatory 
Coefficient S.E. 

't' 
Variables statistic 

Constant 0.055 

Mt.t -0.252 0.0311 1.777 

Mt-2 -0.016 0.0979 -2.578 

Mt-3 0.056 0.1131 -0.143 

Mt-4 0.727 0.1143 0.494 

Et-t 0.085 0.1094 6.649 
0.0305 2.784 

Et-2 0.047 
0.0319 1.495 

Bt-3 0.067 
0.0490 1.376 

Et-4 -0.043 
0.0509 -0.845 

Rl= 0.67, Adjusted R2 = 0.62, 
AIC =- 1.12, SC =- 0.82, F-statistic = 14.04, DW = 2.51. 

12.6 Stability of the V AR Model 

Pro b. 

0.08 
0.01 
0.88 
0.62 
0.00 
0.00 
0.14 
0.17 
0.40 

The roots of the characteristic polynomials, A(L) and B(L) are given in the Table 12.3. 

Table 12.3 
V AR Stability Condition Check 

Roots of the Characteristic Polynomial 
Endogenous Variable: Et and M, 

Exogenous Variable: C 

Root Modulus 

0.974960 0.974960 
-0.963039 0.963039 
-0.087499 - 0.945131 i 0.949173 
-0.087499 + 0.945131 i 0.949173 
0.492523- 0.579581i 0.760587 
0.492523 + 0.579581i 0.760587 

-0.628405 0.628405 
-0.292086 0.292086 
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Figure 12.1 
Inverse Roots of AR characteristic Polynomial 
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12.7 Findings From the Table 12.3 and Figure 12.1 

The Table 12.3 shows that 

(i) the absolute values of all the characteristic roots (eigen values) are less 

than unity, 

(ii) four roots are not significantly different (at 1% level) from zero. 

(iii) four roots are statistically different from zero. 

Consequently, no root lies outside the unit circle. This is being shown by the Figure 12.1. 

These findings confirm the 'Stability' ofthe VAR System. 

12.8 Findings from the Table 12.1 (Equation 12.1) 

It is observed from the estimated equation ( 12.1 ), as presented in the Table 12.1, that 

(i) 

(ii) 

(iii) 

(iv) 

4 
L {31\ . < l . So the autoegressive lag structure is consistent. 
i=l h 

D. W. = 1.93 indicates that the system is free from autocorrelation. 

r/\ and y/\ , i.e., the coefficient of M1.J, and M1•2, are significant at 1% level. 
II 12 

{31\ , the coefficient of Et.3, is significant at 10% level. 
13 
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12.9 Economic Interpretations 

The economic significance of these findings is as follows: 

(i) Since p" < 0 is significant, E1 followed AR(3) process m its univariate 
13 

structure. 

(ii) Significant coefficient p" < 0 indicates that current exchange rate was 
13 

negatively related to three period lagged exchange rates. It shows that Rupee 

appreciates in the current period following depreciation in the previous (t-3) 

period. 

(iii) Positive and the significant coefficients of M 1•1 and M 1•2 imply that a rise in 

money supply at (t-1) and (t-2) periods led to a rise in Rupee/Dollar exchange 

rate in the current period (quarter). 

(iv) 

(v) 

r/\ > 1, r/\ > 1 imply that change in one quarter lagged and two quarter back 
II 12 

money supplies led to more than proportionate change in the current exchange 

rate. This testifies for the 'phenomenon' of 'Overshooting' of exchange rate in 

the 'Basket-Peg regime'. 

The significant coefficients of Mt-t and M1•2 (i.e., y/\ and y/\ ) in the presence 
II 12 

of lagged exchange rate in the vector of regressors for the exchange rate 

equation indicate that domestic of money supply Granger Caused Rupee/Dollar 

exchange rate over the period 1975(1) to 1992(1). 

12.10 Findings From the Table 12.2 (Equation 12.2) 

It is observed from the Table 12.2 that 

(i) 
4 4 

:E p" < 1 , :E" < 1 . So the autoregressive and distributive lag structures are 
i=l 2 i=l r 21 

consistent. 
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(ii) 

(iii) 

(iv) 

D. W. = 2.51 indicates that the system is free from autocorrelation. 

rl\ , the coefficient of E1•1, is significant at 1% level. 
21 

fJ" and p" , the coefficient of M1• 1 and M1-4 are statistically significant at 1% 
21 24 

level. 

12.11 Economic Interpretations of Findings in Section 12.9 

The economic significance of these findings is as follows 

1. Negative and significant coefficient of M1•1 (i.e., p" ) indicates that current money 
21 

supply was related to money supply in the previous period. Significant coefficient 

P" > 0 indicates current money supply was positively related to the four quarter 
24 

lagged money supply. This seems to be a pointer to the practice of 'controlled 

expansion' of money supply in order to conform to the 'K%' rule proposed by 

Friedman. 

2. The coefficient of E1•1 being significant, even in the presence of lagged money in the 

vector of regressors, indicates that exchange rate Granger caused money supply. 

3. Again r" > 0 indicates that current money supply increased following depreciation 
21 

of Rupee against Dollar in the previous period. Thus money supply appeared to be 

'Accommodative' of spot rate variation over the period concerned. 

12.12 Overview ofFindings ofthe VAR Model 

The main findings ofthe VAR model are as follows: 

(i) Money supply was found to Granger cause exchange rate. Following a rise in 

money supply, exchange rate also registered a rise. 

(ii) Exchange rate displayed 'Overshooting' following change in money supply in 

previous periods. 
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(iii) Money supply led to positive variation in spot exchange rate in the subsequent 

period and thereby caused depreciation of rupee. This is in conformity with the 

basic proposition of Monetary Approach of Exchange Rate (MAER). 

(iv) Exchange rate was also found to Granger cause money supply. This finding 

indicates the 'Activist' nature of the monetary policy prevailed in India over the 

period 1975(/) -1992(1). 

(v) Consequently, the period is marked by the presence of Bi-directional Causality 

between Exchange Rate and Money Supply. 

12.13 Dynamic Adjustment Process: Intervention Analysis 

In this section we seek to examine the responses of E1 and M1 to shocks transmitted through 

the channels of E1 and M1 and their relative importance. These may provide better insight 

about interrelations between these variables. With this end in view, 'Intervention Analysis 

has been carried on through the study of Variance Decomposition of exchange rate and 

money supply in India. 

12.14 Intervention Analysis through the Variance Decomposition 

Variance Decomposition separates the variation in an endogenous variable into some 

component shocks. Thus Variance Decomposition provides information about the relative 

importance of each random innovation in the matter of affecting the variables in the V AR. 

We seek to examine the relative importance of monetary and exchange rate shocks in the 

short-run variations of these two endogenous variables: Rupee/Dollar exchange rate and the 

domestic money supply. 

12.15 Variance Decomposition ofRupee/Dollar Exchange Rate 

The percentile decompositions of variances of exchange rate and money supply across 

different periods are given by the Tables 12.4 and 12.5. Figures 12.2 and 12.3 present 

graphical presentations of such decompositions. 
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Table 12.4 
Variance Decomposition ofEt 

Table 12.5 

Variance Decomposition of Mt 
Period SE 

1 0.588881 
2 0.621263 
3 0.656406 
4 0.669078 
5 0.669839 
6 0.677386 
7 0.685622 
8 0.690962 
9 0.698291 
10 0.708374 
11 0.713145 
12 0.713962 
13 0.717298 
14 0.723633 
15 0.726365 
16 0.728268 
17 0.732464 
18 0.737062 
19 0.738558 
20 0.739928 

Et 

100.00 
91.997 
85.538 
85.464 
85.330 
83.609 
82.241 
82.461 
82.076 
79.992 
78.952 
78.951 
78.363 
77.141 
76.730 
76.773 
76.062 
75.213 
75.002 
74.978 

80 

80 

40 

Mt Period SE 

0.000 1 0.129110 
8.002 2 0.142242 
14.461 3 0.145661 
14.535 4 0.155338 
14.669 5 0.193160 
16.390 6 0.202000 
17.758 7 0.204467 
17.538 8 0.210640 
17.923 9 0.226746 
20.007 10 0.236115 
21.047 11 0.240067 
21.048 12 0.244450 
21.636 13 0.252037 
22.858 14 0.258489 
23.269 15 0.263326 
23.226 16 0.266268 
23.937 17 0.269611 
24.786 18 0.273991 
24.997 19 0.279202 
25.021 20 0.281016 

Figure 12.6 
Variance Decomposition of Et 
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Et Mt 

0.001 99.999 
12.361 87.638 
14.332 85.667 
21.878 78.121 
17.066 82.933 
19.952 80.047 
19.580 80.419 
22.208 77.791 
20.216 79.783 
23.350 76.649 
22.631 77.368 
23.679 76.320 
22.927 77.072 
24.781 75.218 
23.960 76.039 
24.587 75.412 
24.219 75.780 
25.646 74.353 
24.790 75.209 
25.231 74.768 



Figure 12.7 
Variance Decomposition of Mt 
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12.16 Findings From the Table 12.4 and Figure 12.7 

The Table 12.4 and Figure 12.7 show that 

(i) The shocks, transmitted through the exchange rate channel, exerted immediate 

response by explaining 100% variations in exchange rate at the initial period t = 

1. 

(ii) At the period t = 20, the exchange rate shocks accounted for at least 75% of 

variations in exchange rate. Thus exchange rate shocks become weaker over 

time. 

(iii) The shocks, transmitted through the domestic monetary channel, exerted 

delayed variations in Rupee/Dollar exchange rate. These shocks started to 

explain the variations in exchange rate from the period t = 2. 

(iv) The contribution of the monetary shocks in exchange rate variation has 

increased over the periods and the shocks accounted for about 25% of variations 

in Rupee/Dollar exchange rate at t = 20 period. 
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12.17 Findings From the Table 12.5 and Figure 12.3 

The Table 12.5 presents the percentile decomposition of domestic money supply variances 

into two components. One of the components is due to domestic monetary shocks while the 

other relates to exchange rate shocks. The graphical presentation is given by the Figure 12.3. 

The Table 12.5 and Figure 12.3 show that 

(i) the monetary shocks explained 100% ofthe variations in money supply at period 

(t = l) while these explained 75% (approx) of the variations in money supply at 

period 20 (t = 20). 

(ii) thus contributions of money shocks to money supply variation declined by 25% 

over a period of 20 quarter. 

(iii) the exchange rate shocks explained 25% of total variations in money supply at t 

= 20 period. The contribution of such shocks increased over time from 0% 

(almost) at t = 1 to 25% at t = 20. 

12.18 Overview of Findings From The Variance Decomposition Study 

It, therefore, appears from Sections 12.15- 12.16 that 

(i) monetary shocks accounted for 25% of variations in exchange rate at t = 20. 

(ii) exchange rate shocks accounted for 25% of variations in money supply at t = 20. 

(iii) monetary shocks accounted for 75% of variations in money supply at t = 20. 

(iv) exchange rate shocks accounted for 75% variations in exchange rate and 

consequently, 

( v) monetary shocks, in accounting for exchange rate variation, were as important 

as exchange rate shocks in accounting for variations in money supply over the 

period concerned. 

there did exist, therefore, a 'Bi-directional Causality' between exchange rate and money 

supply over the 'Basket-Peg Period'. 
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12.19 Summary of Findings in Chapter 12 

It is, therefore, observed in the chapter 12 that in the 'Basket-Peg regime' 

(i) money supply variations 'Granger Caused' exchange rate variations, 

(ii) exchange rate variations also 'Granger Caused' money supply variations, 

(iii) there did exists, therefore, Bi-directional Granger Causality between exchange 

rate and money supply, 

(iv) 'Variance Decomposition' analysis also testifies for the persistence of 'Bi-

directional Granger Causality' between exchange rate and money supply 

provided no structural shift occurred regarding practice of determining the 

Rupee/Dollar exchange rate in the economy. 

All these findings are in conformity with the findings observed in Chapter 10 when 

'Structural VAR' Model was estimated in order to ascertain the nature and direction of 

'Granger Causality' over the historical dataset covering the period 1975(1)- 2006(1V). 
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CHAPTER13 

STUDY OF CAUSALITY BETWEEN EXCHANGE RATE 
AND MONEY SUPPLY IN THE 

MARKET DETERMINATION REGIME 

13.1 Introduction 

The regime of the Pegged Exchange Rate System was over in March, 1991 and henceforth 

India moved towards the Market Determined Exchange Rate System. Period extending from 

March, 1991 to August 1994 constitutes the transition period in the process of moving away 

from the Pegged Exchange Rate System to the Fully Flexible Market Determined Exchange 

Rate System in India. 

With the adoption of the 'Fully Flexible Market Determined System' for exchange rate, the 

relationship between exchange rate and money supply is expected to have undergone some 

changes. We have sought to enquire into the relationship between exchange rate and money 

supply in the 'Market Determined Exchange Rate Era' in this chapter. 

13. 2 The V AR Model and Results of Estimation 

We have estimated the V AR model (consisting equations 12.1 and 12.2), involving two 

variables, Rupee/Dollar exchange rate and money supply with the dataset for the period 

1994 (III) - 2006 (IV). The results of estimation are being presented through the tables 13.1 

and 13.2. 
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Dependent 
Variable 

Et 

Dependent 
Variable 

Mt 

Table 13.1 

Results ofV AR Estimation (Equation 12.1) 

Sample Adjusted: 1994(lll)- 2006(/V) 

Included Observations: 50 

Explanatory 
Coefficient S.E. 't' 

Variables statistic 

Constant 0.344 0.297 1.156 
Et-1 0.037 0.158 0.237 
Bt-2 0.113 0.157 0.721 
Et-3 0.016 0.158 0.105 
Mt-1 -0.006 0.101 -0.060 
Mt-2 0.185 0.103 1.790 
Mt-3 -0.272 0.112 -2.426 

R2 = 0.22, Adjusted R2 = 0.16, AIC = 3.01, 
SC = 3.28, F-statistic= 1.82, 

DW=2.03 

Table 13.2 

Results of V AR Estimation (Equation 12.2) 

Sample Adjusted: 1994(Ill)- 2006(/V) 

Included Observations: 50 

Explanatory Coefficient S.E. 't' 
Variables statistic 

Constant 0.945 0.464 2.036 
Mt-1 -0.042 0.158 -0.270 
Mt-2 -0.010 0.161 -0.063 
Mt-3 0.470 0.175 2.682 
Et-1 -0.087 0.248 -0.351 
Bt-2 -0.032 0.245 -0.130 
Bt-3 -0.209 0.247 -0.847 

RL = 0.22, Adjusted RL = 0.14, AIC = 3.90, 
SC = 4.16, F-statistic= 2.11, 

DW=2.31 
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Pro b. 

0.02 
0.81 
0.47 
0.91 
0.95 
0.08 
0.01 

Pro b. 

0.04 
0.78 
0.94 
0.01 
0.72 
0.89 
0.40 



Table 13.3 

V AR Stability Condition Check 

Roots of the Characteristic Polynomial 

Endogenous Variable: Et and M, 

Lag Specification: 1 - 4 

Root Modulus 
-0.407914- 0.728097i 0.834577 
-0.407914 + 0. 728097i 0.834577 
0.808318 0.808318 

-0.548384 0.548384 
0.275350- 0.289612i 0.399615 
0.275350 + 0.289612i 0.399615 

Figure 13.1 

Inverse Roots of AR characteristic Polynomial 
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13.3 Stability of the V AR Model 

The Table 13.3 presents the roots and respective modulii ofthe roots. It is observed from the 

Table 13.3 that eigenvalues are all less than one. Consequently, the equations (12.1) and 

12.2 are stable and the V AR system estimated with data covering periods 1994 (III)- 2006 

(IV) is stable as well. The Figure 13.1 shows that inverse roots of All cluuacteristic 

polynomials lie within the unit circle. The Figure 13. 1, therefore, confirms the stability of 

the VAR modeL 
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13.4 Findings From the Table 13.1 

It is observed from the estimated V AR equation ( 12.1 ), as shown in the Table ( 13 .I) that 

3 1\ 3 1\ 

(i) 'LfJli < I, LYli < 1. So the autoregressive and distributive lag structures are 
i=l i=l 

consistent. 

(ii) DW = 2.11 indicates that the system is free from autocorrelation. 

1\ 1\ 

(iii) y 12 , y 13 (the coefficient ofM1•2 and M1•3 respectively) are significant at 10% 

and I% levels respectively. 

13.5 Economic Interpretations of the Findings in Section 13.4 

Economic implications ofthese findings are as follows: 

1. Insignificant coefficient of E1.i ( i = 1 ,2,3) indicate that current exchange rate was not 

related to lagged exchange rates. 

2. The significant values of y/\ and 1\ indicate that two as well as three period 
12 Y13 

lagged money supplies affected current exchange rate significantly even in the 

presence of lagged exchange rates in the vector of regressors. It implies that money 

supply Granger caused exchange rate in India under the 'Market Determination 

System'. 

3. Positive and the significant coefficient of M1•2 ( y/\ > 0) indicate that two period 
12 

back money supply directly affected the Rupee/Dollar exchange rate. 

4. Negative and significant coefficient of M1•3 ( y/\ < 0) implies that rises in three 
13 

quarter back money supply led to fall in Rupee/Dollar exchange rate (i.e., 

appreciation of Rupee in terms of US dollar) over the period concerned. 
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_3.6 Findings From the Table 13.2 

It is observed from the estimated VAR equation (12.2), as shown in the Table (13.2) that 

(i) 
31\ 31\ 

L: ,8 < 1, L: y . < 1. So the autoregressive and distributed lag structures are 
i=l 21 i=l 21 

consistent. 

(ii) DW = 2.3 1 indicates that the system is free from autocorrelation. 

1\ 

(iii) ,823 i.e., the coefficient of M1•3 is significant at 1% level. 

1\ 1\ 1\ 

(iv) y 21 , y 22 , y 23 , the coefficients of E,.j, Et-2, E1•3 respectively, are not statistically 

significant even at 10% level. 

13.7 Economic Interpretations of the Findings in Sections 13.6 

The economic significance of these findings is as follows: 

a. Positive and the significant coefficient of M1•3 implies that a rise in money 

supply three period back led to rise in current money supply. 

b. All the coefficients of lagged exchange rates are insignificant (at even 10% 

level) in the estimated V AR model. This indicates that exchange rate failed 

to Granger cause money supply over the period of study. 

13.8 Overview ofthe Findings in Sections 13.5-13.7 

It is, therefore, observed in sections 13.5 - 13.7 that 

(i) variations in Rupee/Dollar exchange rate were 'Granger Caused' by those in 

money supply. 

(ii) exchange rate variations/ailed to 'Granger Cause' variations in money supply. 
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(iii) there did, therefore, exist 'Uni-directional Causality' between exchange rate and 

money supply. 

(iv) exchange rate appeared to be the 'exogenous variable' in the V AR system 

constituting the equations (12.1) and (12.2). 

13.9 Intervention Analysis with Variance Decomposition 

The percentile decompositions of variances of exchange rate and money supply across 

different periods are given by the Tables 13.4 and 13.5. Figure 13.2- 13.3 present graphical 

presentations of such decompositions. 

Table 13.4 
Variance Decomposition ofEt 

Period S.E. Et Mt 

1 1.022998 100.00 0.0000 
2 1.023904 99.991 0.0081 
3 1.060839 93.165 6.8340 
4 1.149099 81.452 18.547 
5 1.149664 81.416 18.583 
6 1.154732 80.987 19.012 
7 1.177469 79.076 20.923 
8 1.177485 79.076 20.923 
9 1.179924 78.809 21.190 
10 1.187341 78.153 21.846 
11 1.187357 78.154 21.845 
12 1.188265 78.064 21.935 
13 1.190593 77.865 22.134 
14 1.190598 77.865 22.134 
15 1.190954 77.830 22.169 
16 1.191697 77.766 22.233 
17 1.191700 77.766 22.233 
18 1.191834 77.753 22.246 
19 1.192070 77.733 22.266 
20 1.192072 77.733 22.266 
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Table 13.5 
Variance Decomposition ofMt 

Period S.E. Et Mt 

1 1.022998 12.496 87.503 
2 1.023904 12.621 87.378 
3 1.060839 12.647 87.352 
4 1.149099 17.054 82.945 
5 1.149664 17.078 82.921 
6 1.154732 17.067 82.932 
7 1.177469 17.831 82.168 
8 1.177485 17.836 82.163 
9 1.179924 17.827 82.172 
10 1.187341 18.057 81.942 
11 1.187357 18.058 81.941 
12 1.188265 18.054 81.945 
13 1.190593 18.121 81.878 
14 1.190598 18.122 81.877 
15 1.190954 18.120 81.879 
16 1.191697 18.141 81.858 
17 1.191700 18.141 81.858 
18 1.191834 18.141 81.858 
19 1.192070 18.147 81.852 
20 1.192072 18.147 81.852 



Figure 13.2 

Variance Decomposition ofRupee!DoUar Exchange Rate (Et) 

100~-----------------------------. 

80 

60 

40 

20 

0+-2~-4~~6-r~8~-1r0~1T2-r~14~-1~6~1~8-.~20 

1-~Rate ~· Money Supply I 

Figure 13.3 

Variance Decomposition of Money Supply (Mt) 
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13.10 Findings From the Table 13.4 and Figure 13.2 

It is observed from the Table 13.4 and Figure13.2 that 

(i) shocks, transmitted through the exchange rate channel accounts for 100% ofthe 

variations in the exchange rate at t = 1 and 78% (about) of such variation in t == 

20 period. Consequently, exchange rate shocks explained at least 78% of 

variations in exchange rate. 
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(ii) Shocks, transmitted through the money supply channel, accounted for about 

22% of variations in exchange rate at t = 20 period. 

(iii) monetary shocks assumed gradually increasing importance in accounting for 

variations in exchange rate over the period concerned. 

(iv) money supply variations, therefore 'Granger Caused' exchange rate variations 

in the 'Flexible Exchange Rate' regime. 

13.11 Findings From the Table 13.5 and Figure 13.3 

The Table 13.5 and Figure 13.3 show that 

(i) at least 81% of variations in money supply level were due to monetary 

shocks in 1 :::;; t :::;; 20 period. 

(ii) exchange rate shocks, on the other hand, accounted for about 12.5% of 

total variations in money supply at t = 1 period, and 

(iii) this contribution increased from 12.5% in t = I period to 18.85% at t = 

20 period. 

(iv) contribution of monetary shocks to variations in money supply declined 

by only 6% over 20 year period. 

( v) contribution of exchange rate shocks to variations in money supply 

increased only by 6% over the 20 year period. 

(vi) exchange rate shocks, therefore, failed to 'Granger Cause' money 

supply variations over the period of study. 

(vii) the period, therefore, was marked by the presence of 'Uni-directional 

Causality' running from money supply to exchange rate. 
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13.12 Overview of Findings of the Study with Variance Decomposition 

The findings from the Intervention Analysis through Variance Decompositions are as 

follows: 

(i) Exchange rate shocks were the predominant factors behind the short-run 

variations in exchange rate. 

(ii) Monetary shocks accounted for more than 22% of variations in exchange rate 

over the forecast period of 20 quarters. 

(iii) Variations in money supply were mainly due to shocks transmitted through 

monetary channel. 

(iv) Exchange rate shocks, on the other hand, accounted for additional 6% 

variations in money supply over the forecast period of 20 quarters. 

(v) Money supply variations, therefore, appeared to 'Granger Cause' variations in 

exchange rate. 

13.13 Summary of Findings in Chapter 13 

The Findings in our study with V AR Model and Intervention Analysis through Variance 

Decomposition Method may be summarized as follows: 

(i) Estimated VAR model indicates that 'Uni-directional Granger Causality' running 

from money supply to exchange rate existed over the period of study. 

(ii) Exchange rate appeared to be the 'Exogenous Variable' in the VAR system. 

(iii) Variance Decomposition Study also confirms the 'Uni-directional Causality' running 

from money supply to exchange rate. 

(iv) Exchange rate shocks failed to account for any significant variations in money supply. 
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CHAPTER 14 

THEORITICAL EXPLANATIONS OF FINDINGS OF GRNGER 
CAUSALITY UNDER 'BASKET PEG' AND 
'MARKKET DETERMINATION' REGIMS 

14.1 Introduction 

The regime under the 'Pegged Exchange Rate System' is marked by the presence of Bi-directional 

Causality between exchange rate and money supply. In this regime variation in money supply 

Granger Caused variations in exchange rate which, in tum, 'Granger Caused' further variations 

in money supply. 

Again, the regime under the 'Freely Floating Exchange Rate regime' is marked by the presence of 

'Uni-directional Causality' running from money supply to exchange rate. Exchange rate 

appeared to be completely 'exogenous' to the VAR system. 

These findings testify for 

(i) the existence of 'structural shift' in the historical dataset, and consequently 

(ii) the 'causal' relations between money supply and exchange rate varied to two sub 

periods. 

These lead us to enquire into the theoretical backgrounds explaining the variations in such causal 

relations' over different exchange rate regimes. This Chapter is being devoted to address this issue. 

14.2 Relation Between Money Supply and Exchange Rate: The Model 

According to Mundell-Fleming Model, an open economy with rapid capital mobility can be 

described by the following equations 

Y=C(Y -T)+l(r*)+G+NX(e) 

M I P=L(/,Y) 

* r=r 
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LM (14.2) 

(14.3) 



The equation (14.1) describes equilibrium in the goods market and the equation (14.2) describes 

equilibrium in the money market. The r = r* equation i.e., equation (14.3) represents the 

assumption that the international flow of capital is sufficiently 'rapid' so as to keep the domestic 

interest rate ( r ) equal to the world interest rate ( r * ). 

In this system the exogenous variables are fiscal policy instruments G and T, monetary policy 

instrument M, the price level P and world interest rate r * . The endogenous variables are Y and the 

exchange rate e. Here e represents the foreign price of the domestic currency per unit. For 

example, e =Dollar/Rupee. Consequently, the spot exchange rate (s) =lie= Rupee/Dollar. 

The IS curve, as shown by the equation ( 14.1 ), slopes downwards because a higher exchange rate 

reduces net export (NE) which in tum reduces aggregate income. The IS curve summarizes the 

negative relationship between exchange rate (e) and income ( Y). The IS and LM curves are shown 

in the Figure 14.1 below 

Figure 14.1 

IS-LM Schedule for an Open Economy with Rapid Capital Mobility 

Exchange Rate (e) LM 

IS 

Yo 
Income (Y) 
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The LM curve is Vertical because the exchange rate does not enter into the LM equation. Given 

the world interest rate ( r * ), the LM equation determines the aggregate income, regardless of the 

exchange rate. 

The intersection of the IS and LM schedules shows the exchange rate and the level of income at 

which both goods and the money market are in equilibrium. With this diagram we can show, 

following the Mundell-Fleming model, how aggregate demand and exchange rate (e) respond to 

changes in money supply. 

14.3 Effects of Money Supply on Exchange Rate under Basket-Peg System 

In the Basket-Peg system', the official exchange rate (spot exchange rate) of foreign 

currencies in terms of rupees are determined. These rates are 'official' at 'target' rates. 

These rates are often revised following the changes in international prices of these countries. 

However, once the 'official' or 'target' rates are fixed, the Reserve Bank of India tries to 

maintain it. Under such 'Crawling Peg' system, possibility of 'arbitrage ' arises. The 

'arbitrage' activities are the special features of the 'Basket-Pegging' system. 

Let us assume that the 'quoted' or 'target' exchange rate (e) is$ 0.025/Re i.e., s = Rs. 40/$. 

The RBI seeks to maintain this exchange rate ( e0). 

Figure 14.1 

Effects of Money Supply Change on Exchange Rate under Pegged System 

LM 
Exchan!!e Rate (e) 
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The RBI increases the money supply and LM curve (given prices fixed by the Keynsian 

assumption) shifts to LM1• Consequently, exchange rate falls to e1. Rupee suffers 

depreciation and Dollar becomes more expensive. Let us assume that, e1 = $0.02/Re. i.e. s = 

Rs. 50/$. Here e1 is the' Market exchange rate'. 

It, therefore, follows that exchange rate (e) declines and 's' appreciates following rise in 

money supply. This indicates that, under the 'Basket-Pegged System', variation in money 

supply 'Granger Causes' variation in exchange rate. 

14.4 Effects of' Arbitrage' on Exchange Rate and Money Supply under 'Basket-Pegged 

System' 

Market exchange rate (e1) is lower then the 'quoted' exchange rate (e0). By the 'quoted' 

exchange rate, $ 1 = Rs. 40. But the prevailing market exchange rate is $ I = Rs. 50. 

Consequently, Dollar is more expensive in the market. This leads to 'arbitrage' activities. 

An arbitrager can buy dollar from the RBI by paying Rs. 40/$. He can sell that dollar in the 

market for Rs. 50/$. Thus he reaps a profit of Rs. 10/$. So long as market exchange rate is 

lower then the 'quoted' exchange rate, such 'arbitrage' will go on. The RBI will be loosing 

dollars and rupees will be flowing to the RBI. As a result, money supply will decline in the 

market and LM curve will shift to the left leading to a rise in market exchange rate. 

Such 'arbitrage' activities will stop only when the 'market' exchange rate equals the 

'quoted' exchange rate. This will happen when the decline in money supply following 

arbitrage activities causes the LM schedule to reach its original position. 

It, therefore, appears that under 'Basket-Pegged' System, 'arbitrage' activities arise when 

'market' exchange rate deviates from the 'quoted' exchange rate. Such variation in exchange 

rate, through 'arbitrage' activities, causes variations in money supply in subsequent periods. 

Consequently, exchange rate variations are found to 'Granger Cause' variations in money 

supply. 

Thus in the 'Basket-Pegged System', money supply affects and is affected by exchange rate. 

Initially, variations in money supply 'Granger Cause' exchange rate variations. These 

variations in exchange rate, in turn, generate 'arbitrage' activities and eventually 
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'Granger Cause' variation in money. Consequently, the 'Basket-Pegged' system is 

marked by the existence of Bi-directional Granger Causality between money supply and 

exchange rate. 

14.5 Money Supply and Exchange Rate under 'Market Determination System' 

The 'Market Determination System' represents 'Free Float' for exchange rate in which 

market forces determine exchange rate. The Central Bank of the country does not interfere 

with such determination. Consequently, the system is marked by the absence of 'arbitrage' 

activities in the marked following any change in money supply and change in exchange rate. 

Figure 14.3 

Effects of Money Supply Change on Exchange Rate Under Free Float 

Exchange Rate (e) 

IS 

0 Yo 
Income (Y) 

In Figure 14.3 the initial equilibrium exchange rate and income level were eo and Yo 

respectively. Now money supply rises and LM curve shifts to LM1 prices being fixed. 

Exchange rate falls from e0 to e1 and income level rises from Y0 to YJ. Following rise in 

money supply rupee depreciates and dollar appreciates. Consequently, variation in money 

supply is found to 'Granger Cause ' the variation in exchange rate. 
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However, because of the absence of any 'arbitrage' activities henceforth, LM curve does not 

shift back. As a result, variation in exchange rate jails to 'Granger Cause' further variation 

in exchange rate. e1 stands where it is now unless further changes in money supply or fiscal 

instruments take place. Under this situation, 'Uni-directional Granger Causality' running 

from money supply to exchange rate is the common phenomenon. 

14.6 Empirical Findings 

(A) In chapter 12, the VAR model with equations (12.1) and (12.2) has been estimated. The 

endogenous variables are money supply and exchange rate. Joint estimations of these 

equations consider the impact of the shocks of any endogenous variable on the other 

endogenous variable. This allows us to examine the effects of the shocks, transmitted 

through the monetary channel, on exchange rate. Similarly, it offers us a scope of examining 

the impact of the shocks, transmitted through exchange rate channel, on money supply. 

Thus, the V AR model enables us to examine, under the 'Basket Pegging System', 

(i) the effect of money supply variation on exchange rate, and 

(ii) the effect of 'arbitrage' activities on money supply. 

Consequently, under the 'Pegging System', 'Bi-directional Granger Causality' was 

observed and this observation conforms to the theoretical findings in section 14.3 

(B) In chapter 13, the same VAR model has been estimated under the 'Free Floating 

System'. In this system, these exists no 'arbitrage' activities following changes in exchange 

rate. Consequently, 'Uni-directional Granger Causality' running from money supply to 

exchange rate was observed. This observation is in conformity with the theoretical 

proposition observed in section 14.4. 
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15.1 Introduction 

CHAPTER15 
SUMMARY, CONCLUSION AND PUBLIC POLICY 

IMPLICATIONS 

The relationship between money supply and exchange rate has been studied for the economy 

oflndia over the period 1975(1)- 2006(IV) in chapter 4 through Chapter 14. A summary of 

the main findings on different aspects of such relationship is being presented below. 

15.2 Stationarity of Exchange Rate and Money Supply Series (in Chapter 4) 

The study in Chapter 4 testified that both exchange ( e1) rate and money supply (m1) series 

(i) had 'unit roots' and these were 'non-stationary. 

(ii) did not entail 'deterministic trend'. 

(iii) non-stationarity of the series at levels was not due to the structural shift in 

their structure. 

(iv) exchange rate series was stationary upon .first differencing. 

(v) exchange rate was 'Differenced Stationary (DS)' and it was not 'Trend 

Stationary (TS) '. So, exchange rate is 1(1) series. 

(vi) first differenced series of money supply (MJ was non-stationary with time as 

a variable in the maintained regression equation and it followed 'random 

walk'. 

(vii) both E1 and Aft series were I (1). 

15.3 Cointegration between Exchange Rate and Money Supply (in Chapter 5) 

Chapter 5 has been devoted to examine the existence of Cointegration between two non

stationary variables, viz. exchange rate and money supply. The study involves the Engle

Granger Method of Testing Cointegration and Johansen Tests of Cointegration. The study of 

Cointegration presented in Sections 5.3- 5.6.4 shows that 
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(i) Rupee/Dollar exchange was not Cointegrated with the money supply at 

level, and, 

(ii) money supply was also not Cointegrated with the Rupee/Dollar exchange 

rate at level. 

(iii) first differenced series of Rupee/Dollar exchange rate was cointegrated 

with first differenced series of money supply, and, conversely, 

(iv) first differenced series of money supply was also cointegrated with first 

differenced series of Rupee/Dollar exchange rate. 

(v) exchange rate and money supply series were C/(1,0). 

The Cointegration between the Rupee/Dollar exchange rate and the money supply in India 

has important economic implications. Study of cointegration enquires into the existence of 

equilibrium relationship postulated by the economic theory and examines whether the model 

is well defined. The existence of the cointegration in our study, therefore, implies that 

exchange rate and the money supply in India maintained a long-run relationship over the 

period of the study. 

Study of cointegration can be used directly to test the underlying theory. As our variables 

are cointegrated, we cannot negate the Dornbush model or the Monetary Model of Exchange 

rate (MAER) in Indian economy over the period of the study. 

Now we seek to enquire into the stability of such relationship between these variables. This 

constitutes the subject matter of our study in the next chapter. 

15.4 Dynamics of Short-Run Shocks and the Stability of Long-Run Relationship 

between Exchange Rate and Money Supply 

Cointegration study in Chapter 5 confirms the existence of long-run relationship between 

Rupee/Dollar exchange rate and money supply in India. However, it is imperative to know if 

such relationship is stable. Stability of the long-run relationship is established if the short-run 

shocks transmitted through E. or M1 channel converge before long. The stability of the long

run relationship is studied through the estimation of Vector Error Correction Model 

(VECM). 
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From the study with the VEC Model for Et and M1 in the economy of India, it is found that 

(i) the long-run relationship, that exchange rate maintained with money supply, 

was stable. The shocks, transmitted through exchange rate channel, had 

significant impact on the long-run relationship and these provided damped 

oscillations. Consequently, the short-run dynamics of exchange rate defined 

an 'equilibrium' process. 

(ii) the long-run relationship, which money supply maintained with exchange 

rate, was stable. The shocks, transmitted through monetary channel, failed 

to exert any appreciable impact on such long-run relationship. 

Consequently, the short-run dynamics of monetary growth defined a 'stable 

equilibrium process'. 

(iii) there did exist 'Uni-directional' short-run Granger Causality running.from 

money supply to Rupee/Dollar Exchange Rate. 

(iv) exchange rate, consequently, failed to Granger cause money supply in the 

short-run. Exchange rate emerged as an exogenous variable in the equation 

for money supply. 

15.5 Causal Relationship Between Rupee/Dollar Exchange Rate and Money Supply in 
Chapter 7 

The causal relationship between Rupee/Dollar exchange rate and money supply has been 

studied with the Vector Autoregression Model (V AR) in Chapter 7. Main findings of this 

study are as follows: 

(i) Two period back domestic money supply led to depreciation of exchange 

rate (i.e., rise in Rupee/Dollar Exchange rate). This findings supports the 

main proposition of the MAER model of exchange rate determination. 

(ii) A rise in Rupee/Dollar exchange rate led to a rise in Rupee/Dollar exchange 

rate in the next period (quarter). This feature of exchange rate is a pointer 

to the occurrence of almost continuous depreciations of Indian Rupee 

against US Dollar over the period of study. 
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(iii) Money supply 'Granger Caused' exchange rate over the period of the study. 

(iv) Current money supply was positively related to the three period back money 

supply. This finding explains an important feature of Indian monetary 

policy. In Indian economy expansionary monetary policy had been operative 

over the period of the study. Money supply increased continuously, 

especially after the bank nationalization. Thus overall increase in money 

supply failed to conform to Friedman's K% point rule. The univariate 

structure underlying the distribution process for money supply, therefore 

indicates, an underlying inclination for maintaining a changing (increasing) 

mean value over the period concerned 

(v) Exchange rate failed to 'Granger Caused' money supply during this period. 

It is, therefore, observed in section 7.12 through section 7.15 that over the period concerned 

a) money supply 'Granger Caused' exchange rate. 

b) exchange rate failed to 'Granger Cause' money supply. 

c) there did exist, therefore, 'Uni-directional Causality' running from 

money supply to exchange rate. 

15.6 Intervention Analysis through the Study of Impulse Response Functions in 

ChapterS 

The VAR model, studied in Chapter 7, consists of two endogenous variables, namely, 

exchange rate and money supply. Consequently, the model considers two types of shocks. 

Some shocks are transmitted through the monetary channel while others are transmitted 

through the exchange rate channel. In Chapter 8 we examined the responses of exchange rate 

to such shocks. Besides, we sought also to examine the relative importance of these shocks 

in explaining variations in Rupee/Dollar exchange rate over time. From the Intervention 

Analysis through the Study of Impulse Response Functions, we have obtained following 

observations. 
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(i) Et, in response to any impulse transmitted through previous period exchange 

rate channel, quickly attained long-run equilibrium level after a very short lived 

variation. 

(ii) Et, in response to monetary impulse, attained the long-run equilibrium level 

after significant short-run variations in several successive periods. 

(iii) E" exhibited overshooting phenomenon in response to impulse, transmitted 

through monetary channel. 

(iv) the impulse response of E1depicted a balancing trend in view of the fact the rise 

in E1 was followed by subsequent declines in E1• Such counteracting response 

depicted a trend for the maintenance of long-run stability in the dynamics of 

exchange rate movement. 

(v) Short-run variations in money supply were mainly due to impulses, transmitted 

through the channel of money supply. 

(vi) Exchange rate shocks were weaker than the monetary shocks in generating 

variations in money supply. 

These findings give forth two important features of responses of exchange rate and money 

supply to different types of shocks. These are stated below: 

a) Shocks, transmitted through the monetary and the exchange rate channels, 

were short-lived and these failed to bring forth significant changes in both 

the exchange rate and monetary profiles. 

b) Monetary shocks were more dominant than exchange rate shocks in the 

matter of generating short-run variations in exchange rate and money 

supply. Monetary shocks led to the emergence of a new long-run initial base 

for money supply. 

15.7 Intervention Analysis through the Study of Variance Decomposition in Chapter 9 

While Impulse Response Functions trace the effects of a shock to one endogenous variable 

on the other variables in the V AR Model, Variance Decomposition separates the variations 

in an endogenous variable into the component shocks. 
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The main findings from the study of Variance Decomposition in chapter 9 are as follows: 

(i) Exchange rate shocks constituted the long-run base for the Rupee/Dollar 

exchange rate. 

(ii) Short-run variations in exchange rate were mainly a 'monetary phenomenon' 

since monetary shocks accounted for a significant part of variations in exchange 

rate. 

(iii) Exchange rate maintained a 'stable' long-run equilibrium relation with lagged 

exchange rate and money supplies since its responses reverted to long-run path 

before longfollowing impulses, transmitted through all the channels considered. 

(iv) Exchange rate shocks failed to produce any variations in monetary growth. 

(v) Monetary shocks, on the other hand, were the predominant factor behind the 

variations in money supply over a 20 quarter period. 

These observations also testify for the 'Unidirectional Causal relation', running from 

money supply to exchange rate in the economy of India over the period 1975(1) -2006(/V) 

15.8 Study of Granger Causality between Exchange Rate and Money Supply in 

Chapter 10 

The estimated V AR model shown in Chapter 7 gives a hint about the direction and nature of 

causality between variables concerned. In the V AR model the specification of lags structures 

for both the variables is required to be uniform. Consequently, the model is 'over 

parameterized'. Such an 'Unrestricted VAR Model', therefore, appears to be less 

informative about the causality between variables. In such case 'Restricted VAR Model' 

may be of great help. A variant of such 'Restricted VAR Model' is used in 'Granger 

Causality Approach'. With this end in view, we have sought to study, in Chapter 10, the 

'casualty' between exchange rate money supply in the line suggested by Granger Causality 

tests. In the Granger causality study, we have the following observations. 
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It is observed from our study in sections 10.8- 10.14 that over the period of study 

(i) exchange rate was 'Granger Caused' by money supply. 

(ii) money supply was also 'Granger Caused' by exchange rates. However, the 

strength of such causal effect was very insignificant. 

(iii) there did exist, therefore, 'Bi-directional Causality' between exchange rate and 

money supply. 

This finding of 'Bi-directional Causality' is in striking contrast with the finding of 'Uni

directional causality' running from money supply to exchange rate in our study with the 

Unrestricted V AR Model in Chapter 7. We, therefore, sought to enquire further into the 

nature and direction of causality through 'Spectral Analysis' in Chapter 11. The 

'Frequency Domain' study is expected to supplant and supplement the 'Time Domain' 

study. 

15.9 Spectral Analysis for Further Confirmation of the Nature of Granger Causality (in 

Chapter 11) 

We have sought to examine the causal relation between Rupee/Dollar exchange rate and 

money supply in the Chapter 11 through the 'Spectral Analysis'. This will enable us tore

examine the nature and direction of 'Granger Causality', as obtained in Chapters 7 through 

10, between the variables concerned. 

In this 'Spectral Analysis 

(i) 'Univariate Periodograms' for E, and M,, confirmed that M, and E, were 

'Stationary' i.e. E, - 1(0) and M,- 1(0).Consequently, e,- 1(1) and m,-

1(1). 

(ii) 'Auto Spectram' confirmed the presence of periodicity in E, and M, across 

different frequency and the incidence of statistically significant auto

regressive structure for the endogenous variables in the VAR model studied 

in Chapter 7. 
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(iii) The 'Cospectrum' for E1 and Mt exhibited 'periodicity' at period 3. This 

confirmed that E1 and Mt were 'Co integrated' and the long-run relationship 

between E1 and Mt was 'Stable'. 

(iv) The 'Coherence Spectrum' for E1 and Mt confirmed that there did exist 

strong 'Coherence' in their co-movements over the period of study. 

(v) The 'Gain Spectrum' for the variables confirmed the existence of 'Uni

directional Granger Causality' from Money Supply to Exchange Rate over 

the period of study. 

(vi) The 'Phase Spectrum' for the variables further confirmed that Money 

Supply 'Granger Caused' Exchange Rate in India over the period of study. 

15.10 The Relationship Between Money Supply and Exchange Rate in the 'Basket-Peg 

Period' of Exchange Rate in Chapter 12 

The causal relation enquired through the Chapter 7 to Chapter 11 covers the historical 

dataset ranging period 1975 (I) - 2006 (IV) when India underwent two different exchange 

rate regimes, namely, 

a) the Regime of Basket Peg Exchange Rate System, during 1974 to 1992 (1), 

and 

b) the Regime of Market Determined Exchange Rate System, from September 

1994 to till date. 

The policy and practices that Reserve Bank of India (RBI) with regard to the controlling and 

stabilizing the value of Indian Rupee in terms of major international currencies, like Dollar, 

were markedly different under these two exchange rate regimes. Therefore, it becomes 

pertinent for us to enquire into the role of money supply in India for stabilizing the value of 

Rupee/Dollar exchange rates under different regimes. In chapter 12 and 13, we have 

addressed these issues in detail. 
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We have enquired into the relationship between exchange rate and money supply in the 

Basket peg period of exchange rate covering period 197 5(I) - 1992(I) with V AR Model and 

Intervention Analysis through Variance Decomposition Method in Chapter 12. It has been 

observed in chapter 12 gap that, in the economy oflndia over the period 1975 (I)- 1992(I). 

(i) money supply variations 'Granger Caused' exchange rate variations, 

(ii) exchange rate variations also 'Granger Caused' money supply variations, 

(iii) there did exist, therefore, Bi-directional Granger Causality between 

exchange rate and money supply, 

(iv) 'Variance Decomposition' analysis also testifies for the persistence of 'Bi-

directional Granger Causality' between exchange rate and money supply 

provided no structural shift occurred regarding practice of determining the 

Rupee/Dollar exchange rate in the economy. 

All these findings are in conformity with the findings obtained in Chapter 10 when 

'Structural VAR' Model was estimated in order to ascertain the nature and direction of 

'Granger Causality' between the variables concerned over the historical dataset covering 

the period 1975(1)- 2006(JV). 

15.11 Study of Causality Between Exchange Rate and Money Supply in the 'Market 
Determination' Regime in Chapter 13 

The regime of the 'Pegged Exchange Rate System' was over in March, 1991 and henceforth 

India moved towards the Market Determined Exchange Rate System. With the adoption of 

the 'Flexible Market Determination System' for exchange rate, the relationship between 

exchange rate and money supply underwent some changes. We have enquired into the 

relationship between exchange rate and money supply in the 'Market Determined 

Exchange Rate Era' in Chapter 13. 

It is observed in the chapter 13 that 

(i) estimated VAR model indicates that 'Uni-directional Granger Causality' running 

from money supply to exchange rate existed over the period of study. 

170 



(ii) exchange rate appeared to be the 'Exogenous Variable' in the VAR system. 

(iii) Variance Decomposition Study also confirms the 'Uni-directional Causality' 

running from money supply to exchange rate. 

(iv) exchange rate shocks failed to account for any significant variations in money 

supply. 

15.12 Theoretical Explanations of Findings of Granger Causality under 'Basket Peg' and 
'Market Determination' (Chapter 14) 

We have found that the regime under the 'Pegged Exchange Rate System' is marked by the 

presence of Bi-directional Causality between exchange rate and money supply. In this regime 

variation in money supply Granger Caused variations in exchange rate which, in tum, 'Granger 

Caused' further variations in money supply. 

Again, the regime under the 'Floating Exchange Rate regime' is marked by the presence of 'Uni

directional Causality' running from money supply to exchange rate. Exchange rate appeared to 

be completely 'exogenous' to the VAR system. 

These findings testify for 

(i) the existence of 'structural shift' in the historical dataset, and consequently 

(ii) the 'causal' relations between money supply and exchange rate varied in two 

different sub periods. 

In Chapter 14 we have enquired into the theoretical backgrounds explaining the variations in such 

causal relations' over different exchange rate regimes. 

In the 'Basket-Peg system', the official exchange rate (spot exchange rate) of foreign 

currencies in terms of rupee was determined. These rates were 'official' or 'target' rates. 

These rates were often revised following the changes in the value of international currencies. 

However, once the 'official' or 'target' rates were fixed, the Reserve Bank of India tried to 
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maintain it. Under such 'Crawling Peg' system, 'arbitrage' activities emerged. The 

'arbitrage' activities were the special features in the 'Basket-Pegging' system. 

Under 'Basket-Pegging' System, 'arbitrage' activities emerged when 'market' exchange rate 

deviated from the 'quoted' exchange rate. Such variation in exchange rate, through 

'arbitrage' activities, caused variations in money supply in subsequent periods. 

Consequently, exchange rate variations were found to 'Granger Cause' variations in 

money supply. 

In the 'Basket-Pegged System', money supply affected and was affected by exchange rate. 

Initially, variations in money supply 'Granger Caused' exchange rate variations. These 

variations in exchange rate, in turn, generated 'arbitrage' activities and eventually 

'Granger Caused' variation in money. Consequently, the 'Basket-Pegged' system was 

marked by the existence of Bi-directional Granger Causality between money supply and 

exchange rate. 

The 'Market Determination System ' represented 'Free Float' for exchange rate in which 

market forces determined exchange rate. The Reserve Bank of India the country did not 

interfere with such determination. Consequently, the system was marked by the absence of 

'arbitrage' activities in the market following any changes in money supply and exchange 

rate. 

In chapter 12, the VAR model with equations (12.1) and (12.2) has been estimated (section 

12.4). The endogenous variables are money supply and exchange rate. Joint estimations of 

these equations consider the impact of the shocks of any endogenous variable on the other 

endogenous variable. This allows us to examine the effects of the shocks, transmitted 

through the monetary channel, on exchange rate. Similarly, it offers us a scope of examining 

the impact of the shocks, transmitted through exchange rate channel, on money_ supply. 

Thus, the V AR model enables us to examine, under the 'Basket Pegging System', 

(i) the effect of money supply variation on exchange rate, and 

(ii) the effect of 'arbitrage' activities on money supply. 

Consequently, under the 'Basket Pegging System', 'Bi-directional Granger Causality' was 

observed and this observation conformed to the theoretical findings in section 14.3. 
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In chapter 13, the same V AR model has been estimated under the 'Floating System'. In this 

system, there did exist no 'arbitrage' activities following changes in exchange rate. 

Consequently, 'Uni-directional Granger Causality' running from money supply to 

exchange rate was observed. This observation is in conformity with the theoretical 

proposition observed in section 14. 

15.13 Conclusions 

All these findings give forth some specific features of the relationship between exchange rate 

and money supply in the economy over the period of the study [1975(1)- 2006(IV)]. The 

historical datasets exhibited the following features concerning the relationship of exchange 

rate money supply. 

(a) Stahle Long- run Relationship Between Exchange Rate and Money Supply 

Exchange rate maintained a 'stable' long-run relationship with money supply. The long-run 

base for the exchange rate was constituted by real factors which entered into the ' 

information set' on the basis of which 'adoptively expected values' for exchange rate were 

formed The AR(p) structure for the exchange rate underlies the 'Adaptive Expectation 

Equation' for exchange rate. 

(h) Short-run Variations in Exchange rate are Monetary Phenomena 

Exchange Rates exhibited significant short-run variations around the long-run equilibrium 

base over the period concerned These short-run variations in exchange rates were 

predominantly explained by variations in money supply. Contributions of monetary shocks to 

the short-run variations in exchange registered a rise over time. Consequently, the short-run 

variations in exchange rate appeared to be a 'Monetary phenomenon'. 

(c) Uni-directional Granger Causality Running From Money Supply to Exchange Rate 

Variations in money supply, therefore, were found to Granger cause the variations in 

exchange rates. However, money supply appeared to be 'non-activist' and therefore, was 

found to be insulated to the variations in exchange rate. Exchange rate emerged as an 

'exogenous variable' in the system. This account for the fact that exchange rate variations 
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failed to 'Granger cause' variations in money supply. Thus the historical dataset is marked 

by the presence of 'Uni-directional Causality' running from money supply to exchange rate. 

(d) 'Overshooting' of Exchange Rate 

Exchange rates exhibited 'Overshooting' following monetary shocks. The dynamic path of 

exchange rate, as shown in the Impulse Response Functions, delineates a steep rise 

(depreciation of rupee in terms of dollar) in response to an increase in money supply, 

followed by a fall in next periods. Consequently, the time path of exchange rate is 'damped 

oscillatory' by nature. This is in conformity with the resolution of the 'Dornbusch Model of 

Exchange Rate '. 

(e) 'Structural Shift' in Historical Dataset 

The historical dataset is marked by the presence of two different system of exchange rate 

determinations like 

(i) Basket-Peg System [From 1975(1) -1992(1)] 

(ii) Market-Determination System [From 1994(111) to till date.] 

These two systems essentially portrayed a 'paradigm shift' with respect to the process of 

determination of exchange rate. The 'Basket-Peg' system essentially represented a 

'Crawling Peg' system while the 'Market Determination' system constituted the 'Floating' 

of exchange rate in the market. Consequently, parameters estimated with the historical 

dataset were found to be 'unstable'. 

(f) Bi-directional Granger Causality Between Exchange Rate and Money Supply in the 

'Basket-Peg' System 

In the 'Basket-Peg System' money supply 'Granger caused' depreciation in exchange rate. 

'Market' exchange rate fell below the 'quoted' exchange rate. Such divergence between the 

'quoted' and 'market' exchange rates triggered 'arbitrage' activities in the market. These 

activities 'Granger caused' a fall in money supply leading to a consequent rise in exchange 

rate. Money supply decline finally to the initial level and exchange rate reverts back to the 

original/eve/. Thus, the 'Basket-Pegged' exchange rate system is marked by the presence of 

a 'Bi-directional Causality' between exchange rate and money supply. 
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(g) Uni-directional Granger Causality Running from Money Supply to Exchange Rate 

under Floating System 

Rise in money supply in the 'Floating System' 'Granger caused' fall in exchange rate (i.e., 

depreciation of rupee). But 'Floating System' is marked by the absence of any 'arbitrage 

activities' following exchange rate variations. Consequently, there was no 'counteracting 

change' in money supply and, therefore, exchange rate failed to 'Granger Cause' money 

supply variations. Thus 'Uni-directional Granger Causality' from money supply to 

exchange rate appeared to be the specific feature of the 'Floating Exchange Rate' regime. 

(h) 'Overshooting' of Exchange Rate even under the Floating Exchange Rate System 

Rise in money supply 'Granger Caused' a rise in the rupee price of dollar (i.e., depreciation 

of rupee) and Impulse Response Functions for exchange rate were marked by 'damped 

oscillations around the long-run equilibrium base. This testified for the 'Overshooting' or 

'excess variability' in exchange rate caused by variations in money supply. 

It may, therefore, be concluded that in the Indian economy over the period of study 1975(1)-

2006(IV) 

(i) Short-run variations in exchange rates are a Monetary Phenomenon. 

(ii) Variations in money supply 'Granger Caused' 'Overshooting' or 'Excess 

Variability' in exchange rate. 

(iii) Exchange rate 'Granger caused' money supply during the 'Basket-Pegged 

Regime'. However, in the 'Floating Exchange Rate Regime' exchange rate 

failed to 'Granger Cause' money supply. 

Consequently, these findings conform to the main propositions of the MAER (Monetary 

Theory of Exchange Rate) theory and of the Dornbush Model of Exchange Rate. 
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15.14 Public Policy Implications 

'Stability' of the exchange rate in the pre-condition for raising 'net-export' and attracting 

'foreign investment' in any country. 'Theories of Foreign Investment' amply show that 

any depreciation of rupee at the time of repatriation of foreign capital deters foreign 

investment. Stability of rupee is, therefore, urgently needed for promoting foreign 

investment. 

The present study shows that the Rupee/Dollar exchange rate is affected by the domestic 

supply of money. Consequently, the stability of Rupee/Dollar exchange rate, ceteres peribus, 

requires that the supply of money in India remain stable under the 'Floating Exchange Rate 

Regime'. Moreover, stability of the money supply in India is required for avoiding excess 

variability of Rupee/Dollar exchange rate. 

The study, therefore, indicates that the monetary authority in India is required to maintain 

stability in money supply. The k% rule, advocated by Friedman, may be followed by the 

monetary authority in order to ensure stability and avoid excess variability of Rupee/Dollar 

exchange rate. 
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