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FOREWORD
The publication of this four volume collection of papers on Input-

Output Analysis (I-O) and its applications to the Indian economy is a
rare event. I-O Analysis used to be an active field of research in India
for a full three decades from the early sixties upto the early nineties. After
the initiation of economy reforms in 1992, the interest in I-O analysis in
India quickly receded because it was widely felt that I-O analysis is valid
only in an environment of planned economic development. That this
reasoning is completely baseless may be seen from the fact that I-O
analysis has found its most fertile and richly varied applications chiefly in
the context of developed market economies of the world. Be that as it may,
the consequence was that I-O profession in India shrunk and the
membership of the Input-Output Research Association of India (IORA)
has now begun to exhibit a skewed age-distribution. In contrast, the
International Input-Output Association (IIOA) is teeming with young
scholars who have greatly enlarged the scope and range of I-O techniques
and applications as can be witnessed from the agendas of the IIOA
conferences and journals.

Nevertheless, thanks to the determination of the small surviving
community of I-O researchers and continuing support from the Planning
Commission of India, IORAI conferences have been held with a fair
regularity. The work discussed in these conferences has now achieved a
critical mass. So, it was thought necessary to compile and publish selected
papers for the benefit of the wider community of economists.

Thus, the volumes now being offered contain a varied range of I-O
applications. These include the measurement of structural change in the
post-reforms period, identification of key sectors, estimation of backward
and forward linkages, structural decomposition analysis, impact analysis of
government expenditures, factor content of India’s foreign trade, linkages
between organized and unorganized sectors, pollution and environment
related issues. The interlinkages of the emerging telecom and IT sectors,
identification of innovation clusters and the diagnosis of financial crises.

It is hoped that the wide range of subjects in these volumes will
re-establish the bridge between I-O researchers and the economics and
policymaking professions and revive interest in the rapidly growing subject
of I-O economics.

Prof. Rajas Parchure
RBI Chair Professor & Officiating Director,

Gokhale Institute of Politics and Economics,
Pune – 411 004.



PREFACE

This preface is intended to facilitate students and research scholars
in economics, mathematical linear and non-linear economics and
econometrics particularly to grasp the common uniform premises and
analytical details of components of inter-industry economics
frameworks. Basically, on account of uniform and common premises
for frameworks of both input-output (I-O) analysis of W.W. Leontief
and of Sraffa: Production of Commodities by Means of Commodities
(PCMC) framework; and Non-parametric Linear Programming (LP)
Production Frontier Framework; all three together are grouped and
termed, Inter-industry Economics Frameworks. Distinct features from
other schools of Economic Analysis; from within three of them and their
economic significance are necessarily relevant to be grasped.

The titles of the papers are self-explanatory indicating to contain
uniformity in respect of theme(s) of research papers of each book and
relevance to Inter-industry Economics frameworks of them. All address
to Indian Economy issues of reforms periods; and uniform frameworks
of both Input-Output (I-O) analysis of W.W. Leontief and of Sraffa:
Production of Commodities by Means of Commodities (PCMC)
framework; and Non-parametric Linear Programming (LP) Production
Frontier Framework; together termed, Inter-Industry Economics
Framework. Sraffian PCMC, Leontief I-O models and Non-parametric
L-P models have deterministic modelling, i.e., for specifications; and
premises for equilibrium conditions; and non-stochastic content and/or
methods of estimation of those models of inter-industry framework. For
instance, I-O analysis and PCMC analysis both follow the Supply-
Demand identity for an instantaneous equilibrium of unique, discrete,
optimum point for each activity or process or sector, with a finite
number of sectors of the economy; but without substitution between
sectors’ outputs and/or inputs. However, Linear Programming
Framework undergoes and starts with disequilibrium of, Supply
Demand, in either of the sectors, but allows for process substitution as to
bring for an equilibrium in a finite number of processes’ substitution
being efficient. Given prices structure and budget constraints, optimum
is unique one of a finite number of efficient points in LP solution; but
both efficient and optimum points are the same unique solution in I-O
analysis and PCMC analysis. In other words, PCMC, I-O and LP are
analytical approaches, distinguished for facilitating inter-industry
economics framework that have common premises, such as, finite and
discrete processes, linearity or constant returns to scale of them,
deduced from fixed input coefficients production function of



W.W. Leontief, a pioneer for its new contribution. Hence, those authors
of PCMC, I-O and LP and their economics, are critiques of Neo-
Classicals’ premises and their economics. Sraffian PCMC is alone
known for revivor of Classicals’ propositions but not necessarily so, in
use of I-O analysis and LP models, though the latter two distinct
frameworks, their results, and findings are also different from that of
Neo-Classicals. However, the distinction between I-O and LP is clear in
terms of: (i) no substitution between those finite and discrete processes,
between inputs and outputs and between each of inputs and of outputs in
I-O analysis, hence remain finite and discrete unique processes; only
one process for each sector in I-O analysis; (ii) but, process substitution
in a finite number of ways is possible in LP analysis; that results from
scarcities of factors, inputs, outputs, etc. in relation to markets’ supplies
vs. demands for them; prices vs. costs in case of dual form of LP
Analysis; and in both cases, bottlenecks and/or shortages persist due to
such a number of constraints or inequalities in LP framework; thus the
inequalities are more than a distinct number to provide a solution of
positive levels of activities; thus, LP analysis provides the number of
solutions but to limit to the number of equalities of demand and supply
of factors, inputs, commodities outputs, etc., i.e, to turn out a basic
feasible solution, as also needed in I-O framework.

Hence, the basic feasible solution is a unique optimal solution in
I-O framework; while in LP framework, optimal basic feasible solution
for an objective function of activities (processes) is deduced to be one of
efficient finite number of solutions; which depends on the number of
linearly independent constraints/vectors and the optimising objective
function, for a given budget line. Thus, both I-O and LP models in inter-
industry framework are non-stochastic and deterministic models; based
on non-parametric frontier production function, applicable to inter-
industry framework, i.e., a uniform framework, of Sraffa-Leontief. The
current themes and issues are related to Economic Reforms periods of
Indian economy and are intended to resolve those problems and arriving
at the solutions due to either of economic reforms, or by merely market
forces or by both interactions of them, in the newly emerging applied
economics, i.e., environment, information technology, infrastructure,
services, tertiary and major physical, financial, fiscal and trade sectors
of Indian economy.

Primal forms of I-O, PCMC and LP models provide output
solutions sectors/processes; while dual forms of primal of I-O, PCMC
and LP models provide relative prices structure solution irrespective of
those distinct sectors of those finite processes. Then, substitution
between those finite and discrete processes, between Inputs and Outputs



and between each of Inputs and of Outputs is applicable to both primal
and dual LP models; whereas finite and discrete unique processes or
only one process for each is applicable to both primal and dual forms of
I-O Analysis; and in both cases, it is due to basic feasible solution.
Process substitution in LP model results from scarcity of factors, inputs,
outputs, etc. in relation to market supplies versus demands for them; in
turn prices versus costs per unit, as of both primal and dual forms of LP
models; and in both cases, bottlenecks and/or shortages persists
reflected in number of constraints or inequalities of LP frameworks;
thus LP model provides multiple, feasible, basic solutions of efficient
points; only one of them requires to become corner kinked optimum
point solution.

Summing up, given the uniform premises and distinctions between
three forms for inter-industry frameworks, the basic feasible solution is
a unique optimal solution in I-O framework; while in LP framework
optimal basic feasible solution for an objective function of activities
(processes) is deduced to be one of efficient finite number of solutions;
that depends on number of linearly independent constraints based
vectors for attaining solutions of the optimising objective function, for a
given set of prices and budget line. However, both I-O and LP models
and Sraffian models are non-parametric frontier production function
based on inter-industry economics frameworks.

The themes and issues in four books cover current economic
reforms period of Indian economy, to resolve the economic issues of
Indian economy for arriving at solutions and that were attributable to
economic reforms, or to merely market forces or to both or not.

The papers in the first book (A) dealt with frontier developments in
economics: Theoretical, Analytical, Methodological and empirically
verified explorations in inter-industry frameworks, with new
specifications and in estimation of them; thus provided advanced
knowledge in inter-industry frameworks by Professors of eminence and
research papers, out of Ph.D. dissertations of young research scholars,
spread all over the country and abroad; which contributions are
pioneering, awakening and provoking new researches.

Book B: Economy-wide studies of structural changes, balanced
economic growth, technology and development, factor contents of
foreign trade debates etc. during the reforms period, whether due to
innovations in indigenous technology or due to imports of foreign
technology during reforms period are the major issues dealt by Professor
of eminence and research scholars of their Ph.D. dissertations. All these
contributions are pioneering, awakening and provoking new researches.



The third book C deals with newly emerging sectors’ impact on
Indian economy; that is Environment, all forms of Pollutions,
Information Technology, all forms of Services and Infrastructure,
technical progress, scale efficiency etc. of major sectors, inter-regional
and inter-country trade and tertiary sectors, financial, fiscal, government
etc. sectors of Indian economy particularly with Uniform Premises of
Inter-industry Frameworks – an exception in the professional Book
world, which contributions are of professions of academic excellence
and similarly of research scholars’ Ph.D. dissertations – all these
contributions are pioneering, awakening and provoking new researches.

This Book D brings out role of foreign trade and interventions in
foreign exchange payments in India versus other countries, exchange
rate determinants, role of foreign direct investments, macro models for
development of India versus other countries etc. in transitional
economies of India versus China; structural changes in Jute cultivation
of North East Agriculture due to new technology experiments and
structural changes in Iran economy. In this fourth book, stochastic
econometric estimation methods are also used in contrast to and
combining with inter-industry economy frameworks; and compares and
contrasts relevance of either of them or both of them, as suggested by
L.R. Klein.1 All these studies contribute new knowledge in emerging
areas combining econometrics and inter-industry frameworks. They add
to new knowledge of eminent professors and research scholars in their
Ph.D. dissertations; which are pioneering, provoking and awakening
new researches.

Hence, the four books are an essential MUST for all readers/
seekers of knowledge on current issues of Indian economy; a Text and
Reference to all Post Graduates, Ph.D. Scholars and Faculty in
Economics; to Development Executives, Planners and Policymakers for
their economic practice in the current globalisation decades of Indian
economy.

V.V.N. Somayajulu

1. L.R. Klein for Macro Economy wide studies in India versus other countries, The Indian Economic Journal issue.
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Abstract
Real exchange rates have important effects on production,

employment and trade. This study analyses the main determinants
of real exchange rate using quarterly Indian data covering the
period 1996 to 2007. It begins with a review of literature on
determinants of real exchange rate and provides background on
the exchange rate system in India. The first objective is to identify
the long-run determinants of real exchange rate and second
objective is to identify the short-run determinants real exchange
rate in India by using the Engle-Granger cointegration and
Johansen cointegration test with VEC model. The variables that
have been found to have a long-run relationship with real
exchange rate include the foreign direct investment, foreign
exchange reserves and terms of trade.

INTRODUCTION

The exchange rate is crucial macroeconomic variable and an
important determinant of external sector of the economy. Hence, there is
a positive correlation between national income and exchange rate.
Exchange rates are very important for any country to determine the level
of imports and exports. If domestic currency appreciates with respect to
a foreign currency, imported goods will be cheaper in the domestic
market and local companies would find that their foreign competitor’s
goods become more attractive to customers. If the country has a strong
fundamental, then its goods become more expensive in the international
market, which results in lots of competitiveness. The nominal and real

1. Determinants of Exchange
Rate in India

Jalle Mallaiah and B. Nagarjuna



exchange rates are crucial variables in macroeconomic management.
The nominal exchange rate is defined as the price of one national
currency in relation to another, while real exchange rate is normally
defined as the nominal exchange rate adjusted with relative inflation
differentials. Nominal exchange rate connects the price systems in
different countries and allows international traders to compare prices
directly. Changes in nominal exchange rate has a direct impact on
current account (import and export trade) as well as the financial
account (capital flows) and hence the balance of payments. With regard
to its impact on foreign trade, a currency appreciation (rise in value
relative to other currencies) renders a country’s currency depreciates
(weakens in value relative to other currencies), its goods and services
abroad become cheaper and foreign goods (imports) in that country
become more expensive. For example, if a car cost $ 5000 in the United
States of America (US) and the rupee/dollar exchange rate is
USD/Rupee 45 today, the car would cost an Indian importer ` 2,25,000
($ 5000 * 45). If, however, an Indian importer waits for two weeks and
the exchange rate moves to USD/Rupee 40 (the dollar depreciates and
the rupee appreciates), the car would now cost ` 2,00,000, assuming the
dollar price of the car remains unchanged.

What is Real Exchange Rate?

The real exchange rate between two countries is the product of the
nominal exchange rate (the dollar cost of a rupee, for example) and the
ratio of prices between the two countries. The core equation is RER =
eP*/P, where, in our example, e is the nominal dollar-rupee exchange
rate, P* is the average price of a good in the rupee area, and P is the
average price of a good in the united states.

A number of researchers have argued that real exchange rates are
crucial not only for sustained economic performance and international
competitiveness but also have a strong impact on allocation among
different sectors of the economy, foreign trade flows and balance of
payments, employment, production and consumption and external debt
crisis (Aron et al., 1997:25). The real exchange rate is usually used as an
indicator of the need for devaluation of a currency. An appreciation of
real exchange rate may signify that a country may experience current
account difficulties in the future because it usually leads an
overvaluation of the exchange rate. Overvaluation has the net effect of a
large import bill and reduced export receipts. A fall in a country’s



international competitiveness results in poor economic performance and
several associated problems.

This study organized as follows; Section 2 describes sources of
data, variables and methodology of the study. Section 3 provides
empirical literature review. Section 4 explains empirical results of the
study. Section 5 provides summary and conclusion of the study.

Objectives of the Study

The main objective of the study is to investigate the fundamental
determinants of the real exchange rate in India. This broad objective is
explored through the following sub-objectives which are as follows:

(a) To identify the long-run fundamental determinants of the real
exchange rate and

(b) To identify the short-run determinants of the real exchange rate.

DATA SOURCES AND METHODOLOGY

The data used for the study are quarterly observations from January
1996 to December 2007, inclusive, making a total of 48 observations.
Exchange rates are normally expressed as the price of US Dollar in
terms of domestic currency. However, if exchange rate is expressed in
US Dollar per unit of domestic currency, it gives an indication about the
external value of the currency also. To identify the determinants of real
exchange rate, the data on foreign exchange reserves, gross domestic
product, terms of trade, foreign direct investment have been taken from
RBI, Handbook of Statistics on Indian Economy.

The first and the second objectives of the present study have been
analyzed mainly by the time-series econometric techniques. To provide
an answer to the two sub-objectives (long-run and short-run
determinants of the real exchange rate), Engle-Granger cointegration
and Johansen cointegration test have been applied for long-run, and the
Vector Error Correction Model (VECM) employed for short- run.

Before estimation by applying time series techniques, we have
checked the stationarity conditions of each variable by applying Unit
Root test such as Augmented Dickey-Fuller (Dickey-Fuller 1979), and
Philips-Perron (Phillips-Perron 1988) test. All the above three unit root
tests are used to test whether the data contains unit root or is a stationary
process. If the Unit Root test shows all variables are not stationary, then
we can make them stationary by taking first or second difference. In the



case of both ADF and PP tests, the null hypothesis of non-stationary
(unit root) is tested against the alternative hypothesis of stationary.

LITERATURE REVIEW

Hamid (1995) has examined the long-run determinants of real
exchange rate in United States and Japan. He has taken annual data for
the US and Japan were obtained for the post war period. He employed
cointegration technique by using the Multivariate Maximum Likelihood
Estimation (MLE) technique proposed by Johansen (1988). Empirical
results showed that both productivity differentials and net wealth are the
long-run determinants of the US real exchange rate. Cointegration tests
for Japan suggested that productivity differentials are the long-run
determinants.

Donald (1998) has examined the determinants of real exchange rate,
using multivariate cointegration methods, the model implemented for
the real effective exchange rates of the US dollar, German mark, and
Japan yen, over the period 1975Q1 to 1993Q4. Results showed that
productivity and terms of trade effects, fiscal imbalances, net foreign
assets and real interest rates are statistically significant among the
countries.

Donald and Nagayasu (1999) studied the long-run relationship
between real exchange rates and interest rate differentials over the
recent floating exchange rate period from 1976Q1 to 1997Q4 for
14 industrial countries (Australia, Austria, Belgium, Canada, Denmark,
France, Germany, Italy, Japan, Netherlands, New Zealand, Norway,
Switzerland and UK). They employed cointegration technique; results
showed that the real exchange rate real interest rate differential (RER)
produces a statistically significant long-run relationship currency pairing.

Drine and Rault (2003) have examined the long-run determinants
of real exchange rate for MENA (Middle East and North Africa) 16
countries. They employed the unit-root tests proposed by Inn, Pesaran
and Shin (1997) and new panel data cointegration technique suggested
by Pedroni (1999). They used sample period from 1960 to 1999. The
estimated results showed that unable to put in evidence the existence a
long-run relation between real exchange rate and per capita GDP for
more than two-third of MENA countries. The other variables such as
real interest rate differential, government consumption, the degree of
openness of the economy have a significant effect on the equilibrium
real exchange rate for seven countries.



Johan (2003) empirically studied the equilibrium real exchange
rate for Malawi the quarterly data used for the period from March 1980
to June 2002. Using the Johansen cointegration test (Johansen, 1988),
results shows that government consumption, excluding wages and
salaries, has a positive impact on real exchange rate. Terms of trade, real
capital growth and investment are positively correlated with the real
exchange rate.

The previous researchers have been empirically estimated
fundamental models of real exchange rate. From developed countries
Donald (1998), Antonopoulos (1999), Nagayasu (1999), Juan (2006),
etc. have empirically proved evidence that productivity differentials,
terms of trade, fiscal imbalances, real interest rates, net capital inflow,
etc. the determinants of long-run real exchange rates for developed
countries. For developing countries, Holmes (2001), Mkenda (2001),
Rault (2003), Khan (2004), Frankel (2007), Makvelov (2008), etc.
proved the evidence that interest rate differential, government
consumption, openness, terms of trade, per capita GDP, and central
bank reserves, etc. are the long-run determinants of real exchange rate
for developing countries. For developing countries, Hamid (1995),
Hariharan (2000), Kohli (2000), Bhowmic (2000), Jayaraj (2000), etc.
have empirically proved the exchange rate behaviour in India. The main
determinants of long-run real exchange rate in India includes terms of
trade, productivity (technical progress), control money supply, interest
rate, government expenditure, etc. are influence the real exchange rate in
long-run. However, this study bought some of the appropriate
techniques from the literature to identify the determinants long-run and
short-run real exchange rate; namely, OLS, VAR, ECM, and
cointegration techniques, unit root (ADF, PP and KPSS). This study
undertakes to find out short-run and long-run determinants of real
exchange rate in India.

EMPIRICAL ANALYSIS OF THE STUDY

Before going to examine the cointegration between variables, with
the help of descriptive statistics and also it is necessary to check whether
the variables are stationary or not applying the Unit Root test such as
Augmented Dickey-Fuller test and Phillips Perron test. In time series
analysis, it is always useful to look at the time series plots of the
variables before undertaking any econometric estimation.

Table 1: Unit Root/Stationary Tests (ADF and PP) Tests



Variable
s

ADF PP

Level 1st Difference Level 1st Difference

Constan
t and No

Trend

Constan
t and
Trend

Consta
nt and

No
Trend

Constan
t and
Trend

Constan
t and No

Trend

Constan
t and
Trend

Constan
t and No

Trend

Constan
t and
Trend

REER
–2.16 –4.61 –6.02 –5.96 –2.35 –2.84 –6.04 –5.98
( 0.22) (0.00)* (0.00)* (0.00)* (0.16) (0.18) ( 0.00)* ( 0.00)*

FDI
–1.54 –3.8 –9 –8.91 –1.37 –3.91 –9.5 –9.42

(0.50) (–0.02) (0.00)* (0.00)* (0.58) (0.01) (0.00)* (0.00)*

FER
0.93 –1.72 –5.6 –5.59 0.78 –1.93 –5.68 –5.67

(0.99) (0.72) (0.00)* (0.00)* (0.99) (0.61) (0.00)* (0.00)*

GDP
2.41 –0.67 –6.89 –7.46 3.96 –0.31 –6.89 –7.88

(1.00) –0.96 (0.00)* ( 0.00)* –1 –0.98 (0.00)* (0.00)*

TOT
–2.21 –3.98 –7.03 –6.95 –3.5 –4.02 –12.78 –12.61

(0.20) (0.01) ( 0.00)* ( 0.00)* ( 0.01) (0.01) ( 0.00)* (0.00)*

Note: The table reports the results of ADF and PP tests. In the case of both ADF and PP tests, the
critical values at 1%, 5% and 10% are –3.43, –2.86 and –2.86 for the model without trend and –
3.96, –3.41 and –3.12, respectively for the model with trend. (*), (a*) and (***) denote
significance at 1%, 5% and 10%, respectively. ADF and PP tests examine the null hypothesis of a
unit root against the alternative of stationary and p-values are in parentheses, these tests are
performed by using logs for all variables, which are estimated in EVIEWS 5 version.

Unit Root Tests Results

Table 1 illustrates the unit root tests statistics, comparing with ADF
and PP t-statistics at the level and difference series of the lag values.
The model is estimated at levels and first-difference for both with and
without a time trend for all variables. The results of the ADF and PP
tests show that none of the series stationary in levels. So, we do not
reject the null hypothesis of a unit root at the 5% level of significance or
lower, for all variables which are included in the model. While applying
the ADF and PP tests at first difference, which provides evidence
against random walk hypothesis for all the variables and null hypothesis,
is rejected at 1% level for both with and without trend. It should be
noted that ADF and PP tests test the null hypothesis of unit root against
alternative hypothesis of stationary.

Choice of Lag Length Selection

To estimate the values of the vector error correction model, it
needs to choose an appropriate lag length. Though, there are different
lag length selection criteria is exist such as Final Predicted Error (FPE),
Akaike Information Criteria (AIC), Schwartz Information Criteria (SIC)



and HQ (Hendricks Quant) respectively. But we have adopted AIC to
select maximum lag for VECM model. But this is relaxed for Johansen
cointegration test.

Table 2: Results for Engle-Granger Cointegration Test for
REER and FDI

Cointegration Regression between REER and FDI (RERt = β0 +
β1FDIt + μt)

Variables Coefficient t Value p Value

Constant 4.356809 98.34678 0.0000

FDI 0.027521 5.424332 0.0000

R-square 0.395351 D.W statistic 0.744128

Residual based on Cointegration Test )  ˆ  ˆ( 1–  tt υuβu 

Variable ADF-Test p Value
μ̂ –7.471489* 0.0000

Note: * indicates that unit root rejection of null hypothesis

Table 3: Results for Engle-Granger Cointegration Test for
REER and FER

Cointegration Regression between REER and FDI (RERt = β0 +
β1FERt + μt)

Variables Coefficient t Value p Value

Constant 4.325777 69.72812 0.0000

FDI 0.021719 4.369356 0.0001

R-square 0.297876 DW statistic 0.553754

Residual based on Cointegration Test )(Δ t1  t υμ̂μ̂ β  

Variable ADF-Test p Value

μ̂ –5.810453 * 0.0000

Note: * indicates that unit root rejection of null hypothesis
Table 4: Results for Engle-Granger Cointegration Test for

REER and TOT



Cointegration Regression between REER and FDI (RERt = β0 +
β1TOTt + μt)

Variables Coefficient t Value p Value

Constant 4.813251 42.04417 0.0000

TOT –0.044356 –1.896489 0.0643

R-square 0.074011 DW statistic 0.573861

Residual based on Cointegration Test )( t1  t υμ̂μ̂Δ β  

Variable ADF-Test p. Value

μ̂ –7.167888* 0.0000

Note: * indicates that unit root rejection of null hypothesis

Analysis of Engle-Granger Cointegration Test

Table 2 provides results residual based cointegration test. It shows
that the residuals from cointegration regression are stationary and also
integrated of same order, indicating that there is a long-run relationship
between real exchange rate and foreign direct investment. Similarly, in
Tables 3 and 4, are found a long-run relationship between real exchange
rate and foreign exchange rate reserves, and real exchange rate-terms of
trade. However, real exchange rate and gross domestic product are
integrated of different order; it is possible to conclude that they are not
cointegrated.

Analysis of Johansen Cointegration Test: Long-run
Relationship

The Johansen cointegration test is generally used to estimate the
co-movement among more than two variables. In this study, we use the
Johansen cointegration test for five variables, i.e., real exchange rate,
foreign direct investment, foreign exchange reserves, gross domestic
product and terms of trade. Testing for cointegration using the full real
exchange rate model has always difficult task (Edwards, 1994: 80; and
Mkenda, 2001:31). The Johansen cointegration test is conducted under
the assumption of no trend but a constant in the series. The acceptance
or rejection of null hypothesis depends on the trace statistics and
maximum test statistics.



There are several cointegration methods, but majority of them
suffers from numerous problems when applied to multivariate models.
The most power full and popular is the Johansen technique, which is the
technique employed in this study. Johansen (1991, 1995) technique has
become an essential tool in the estimation of models that involve time
error correction specification, which provides estimates of both short-
rung and long-run dynamics in our real exchange model.

Table 5: Johansen Cointegration Rank Test Results

Unrestricted Cointegration Rank test (Trace)

Hypothesized Trace 0.05

No. of
CE(s)

Eigenval
ue

Statistic Critical
Value

Prob.**

None* 0.822115 112.1257 69.81889 0.0000

At most 1 0.29839 32.70129 47.85613 0.5734

At most 2 0.208225 16.39991 29.79707 0.6839

At most 3 0.108536 5.659936 15.49471 0.7353

At most 4 0.008119 0.374981 3.841466 0.5403

Trace test indicates 1 cointegration eqn(s) at the 0.05 level
* denotes rejection of the hypothesis at 0.05 level
**Mackinnon-Haug-Michelis (1999) p-values

Unrestricted Cointegration Rank Test (Maximum
Eigenvalue)

Hypothesized Max-Eigen 0.05
No. of
CE(s)

Eigenval
ue

Statistic Critical
Value

Prob.**

None* 0.822115
79.4243

9

33.87687 0.0000

At most 1 0.29839 16.3013
7

27.58434 0.6401

At most 2 0.208225 10.7399
8

21.13162 0.6732

At most 3 0.108536 5.28495 14.2646 0.7055



5
At most 4 0.00.8119 0.37498

1
3.841466 0.5403

Note:Max eigenvalue test indicates 1 cointegration eqn(s) at
the 0.05 level
* denotes rejection of the hypothesis at the 0.05 level

The above part of the Table 5, presents the Johansen cointegration
test based on the trace test, while the bottom part presents the results of
this test based on the maximum eigenvalue test. Starting with the trace
test, the null hypothesis of no cointegrating vectors is rejected, since the
test statistic value is greater than the 5% critical value. But the null
hypothesis that there are at most 1 cointegrating vectors cannot be
rejected, since the test statistic value is now less than the 5% critical
value of about. The trace test, therefore, indicates 1 cointegrating
relationships (vectors) at 5% level of significance. The maximum
eigenvalue form of the Johansen test also rejects the null hypothesis of
no cointegration, since the t-statistic value is greater than the 5% critical
value. But it fails to reject that of at most 1 cointegrating vectors, since
the test statistic of about is now less than the 5% critical value. The
maximum eigenvalue test, therefore, suggests that there is only 1
cointegrating relationship in the real exchange rate model. Now, to
justify the Johansen cointegration test, we use Vector Error Correction
Model (VECM) for showing short-run dynamics adjustment between
the variables.

Analysis of Vector Error Correction Model

A brief theoretical discussion on the vector error correction model
(VECM) is given in this chapter. The lag length of the vector error
correction model (VECM) is chosen on the basis of the Akaike’s
information criteria (AIC). Though AIC we have chosen 2 lags for
VECM model. The results show in Table 4, the coefficient of the error
correction term in the real exchange rate is statistically significant at 1%
level. The coefficient of error correction of FDI and FER are statistically
significant at 1% level with lag 1. The coefficient of error correction
term in the GDP and TOT are statistically significant at 5% level with
lag 2. Whenever these variables deviate away from the long-run
equilibrium, the RER will make all adjustment to reestablish the
equilibrium level in the long-run. We have analysed the causal
relationship between the variables using the time series techniques such
as Engle-Granger cointegration test, Johansen cointegration test and



Vector Error Correction Model (VECM). The estimated results show
that there is both short-run and long-run relationship between the
variables.

Table 6: Results of Error Correction Model

Variables ΔRER ΔFDI ΔFER ΔGDP ΔTOT

Zt – 1

–0.4481 –0.2311 1887.068 92.2336 –1.2194

(–3.8668)* (–0.00077) (–1.1571) (–0.049) (–0.7100)

ΔRERt – 1

0.307011 –452.2008 2836.635 150.2659 –0.079

(–1.9989) (–1.1342) (–1.3124) (–0.0603) (–0.0347)

ΔRERt – 2

0.3436 –589.01 –699.7553 739.9115 –0.4348

(–2.2367)** (–1.47697) (–0.32367)
(–

0.29689) (–0.19101)

ΔFDIt – 1

–0.000098 –0.589011 0.754422 0.688502 –0.001001

(–1.5848)** (–3.6472)* (–0.8617) (–0.6822) (–1.0858)

ΔFDIt – 2

0.000044 0.058 –1.497296 –0.400573 –0.000986

(–0.0688) (–0.3498) (–1.6640) (–0.3862) (–1.0406)

ΔFERt – 1

–0.000033 0.036836 0.752748 0.361931 0.000078

(–0.2257) (–0.9586) (–3.6138)* (–1.5073) (–0.3594)

ΔFERt – 2

0.000097 0.065089 0.103158 0.197076 0.000132

(–2.3864) (–1.5086) (–0.441) (–0.7309) (–0.5345)

ΔGDPt – 1

–0.000046 0.017896 0.037792 –0.128007 0.000054

(–0.81520) (–1.2101) (–1.2101) (–1.3851) (–0.6446)

ΔGDPt – 2

0.000011 – 0.005331 0.09944 –0.84011 –0.000012

(–1.9314) (–0.3437) (–1.1828) (–8.6688)* (–0.1358)

ΔTOTt – 1

0.0151 36.3665 –195.2393 –17.5317 –0.6069

(–1.28) (–1.1839) (–1.1725) (–0.0913) (–3.4612)*

ΔTOTt – 2

–0.0087 65.1847 62.4748 17.9976 –0.3712

(–0.7435) (–2.1376)** (–0.3779) (–0.0944)
(–

2.1325)**

Note: Zt – 1 represents the lagged error correction term. * indicates 1% level of
significance.

** indicates 5% level significance. Figure in parentheses are t values. Lag length is
chosen based on AIC.

CONCLUSION

The Johansen technique as become an essential tool in the
estimation of models that involve time series data. This approach



prepared as it captures the underline time series properties of data and is
a systems equation test that provides estimates of all cointegrating
relationship that may exist within a vector of non-stationary variable
(Harris, 1995). The study investigates the determinants of long-run and
short-run real exchange rate by employing Engle-Granger cointegration
and Johansen cointegration for long-run and Vector error correction
model for short run. The study confirms that there is one cointegration
existing among the variables. If the variables deviate away from long-
run equilibrium levels, real exchange rate would have tendency to adjust
back towards long-run equilibrium level.
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