
Export and Economic Growth in the Economy of 
Sri Lanka - An Econometric Study 

(1970-2005) 

WI;~ (?/ubmitbJ 

totM ~!Y~@lf~ 

fo 
IM~!YQ}Foetmt!Y~m '(5~, 

!2008. 

By 

M.A. ,B. Ed. 

Unde~ the supervi~;on of 

Professor Chandan Kumar Mukhopadhyaya,Ph.D.(IIIinois,Chicago) 

&~!YY5~ 

~ !Y ~rPlfcnr 
@(~@(~.&~. 

~(§If~ JmAa. 



~ 
~~g I 9 DC3 s;~ 9~ 
~~be_ 

·~ 
. :1'35150 

', ~ r-~ '11111 
I lJ l- • l.tl 





ACKNOWLEDGEMENT 

In writing this thesis I obtained valuable helps and guidance of many. Without 
them, it would had been an insurmountable ta~k for me. I am very much 
indebted and grateful to all ofthem. 

My greatest debts are to Professor Chandan Kumar Mukhopadhyay, my guide, 
for guiding, inspiring, painstaking reading of my manuscript and helping me in 
many other ways. Actually, words are few to express my gratitude to him. My 
gratitude remains for him for ever. Every thing can not be expressed in terms of 
words yet words are the only coin I have to offer in repayment. However, I 
offer my sincere most gratitude to him and acknowledge that his memory will 
remain vivid in my life. 

I am grateful to all my teachers of department of economics of University of 
North Bengal for their love and inspiration and helping me in many ways. I am 
also grateful to other teachers and staff of my department, helping me directly 
and indirectly in my work. 

Finally, I thank my parents for their extending helping hand. I also offer my 
love to my brother for his active helping hand and I am highly grateful to Mr. 
Shayam Chran Barma, senior research scholar, for his unconditional 
cooperation. 

In the end, I accept all the responsibility of errors and omissions and other 
drawbacks in my work 

Dated: 1 01
h Oct. '08. Amit Kundu 



CHAPTER-I Introduction 

1.1 Economic Growth : The need 
1.2 Trade and Economic Growth 

CONTENTS 

1.3 Export-Led Growth (ELG) Proposition 
1.4 Some Discordant Views against ELG Proposition 
1.5 Growth-Led Export (GLE) Proposition 
1.6 Proposition of Feedback Relationship 
1. 7 Proposition of Independence 
1.8 Variants of Hypotheses 
1.9 Income-Export Relationship in South Asian Countries 
1.1 0 Objective of the Study 
1.11 The Economy of Sri Lanka 
1.12 Exports of Sri Lanka 
1.13 Sectoral GDP Growth, Investment and Savings 
1.14 Specific Issues Under Study 
1.15 Plan of the Study 

CHAPTER-2 Literature Survey 

2.1 Introduction 
2.2 Findings on the Stationarity of Income series 
2.3 Findings on the Stationarity of Export Series 
2.3 Findings on Cointegration 
2.4 Findings on Export-Led Growth 
2.5 Findings From Major Empirical Studies 

CHAPTER-3 Methodological Issues 

3.1 Introduction 
3.2 The Basic Problem 
3.3 The Nature Of The Problem 
3.4 Stationarity: Relevance of Unit Root Tests 
3.5 Unit Root Test: The Methodology 
3.6 Augmented Dickey Fuller Unit Root Test 
3.7 The DF- GLS Unit Root Test 
3.8 Phillips-Perr~m unit Root Test 
3.9 Corre1ogram 

Pages 
1-12 

1 
1 
1 
3 
4 
4 
4 
4 
5 
6 
7 
8 
8 
10 
11 

13-37 

13 
13 
15 
16 
18 
20 

38-63 

38 
39 
39 
40 
41 
42 
43 
43 
44 



3.10 Co integration 45 
3.11 Cointegration: Definition 45 
3.12 Four Cases for Cointegration 46 
3.13 Vector Error Correction Modeling 4 7 
3.14 Granger Causality: Introduction 48 
3.15 Methodology 48 
3.16 Conventional Granger Causality Test 53 
3.17 'Window Finding' of Structural Changes: Methodology 53 
3.18 Vector Autoregressive (VAR) Model 58 
3.19 Stability of the V AR Model 61 
3 .20 Impulse Response Functions 62 
3.21 Variance Decomposition 63 

CHAPTER-4 Study Of Stationarity & Co-Integration For Export 
Growth And Economic Growth 64-74 

4.1 Introduction 64 
4.2 The Data 64 
4.3 Graphical Presentation of Series 65 
4.4 Augmented Dickey-Fuller Tests for Unit Roots in 

Different Series 66 
4.5 Phillips-Perron Unit Root Tests 69 
4.6 Correlogram Analysis for Stationarity 73 
4.7 Findings from the Correlograms 74 
4.8 Summary of Findings on Statipnarity 74 
4.9 Cointegration: Meaning & Relevance 74 
4.10 Four Cases for Co integration 75 
4.11 Long-run Relationship Between Income Growth 

and Export Growth 75 

CHAPTER-5 Stability Of The Long-Run Relationship Between 
Income Growth And Export Growth 76-83 

5.1 Introduction 76 
5.2 The VEC Model 76 
5.3 Results ofEstimation 77 
5.4 Stability ofthe VEC Model 78 
5.5 Normality of the VEC Residuals 80 
5.6 Findings from the Table 5 .I [Eqn 5 .I] in the VEC Model 81 
5.7 Economic Interpretations ofthe Findings [Eqn 5.1] 81 



5.7 The Findings From the Table-5.1 [Eqn 5.2] 
5.8 Economic Interpretations ofthe Findings From 

the Table 5. I [Eqn 5.2] 
5.9 Summary ofFindings 

CHAPTER-6 V AR Model of Export Growth And Economic 
Growth In The Economy Of Sri Lanka 

6. I Introduction 
6.2 The V AR Model 
6.3 Features of the VAR Model 
6.4 Selection of Lag Length 
6.5 The Estimable V AR Model 
6.6 Results ofEstimation ofthe VAR Model 
6. 7 Conditions of Stability for the V AR Model 
6.8 Stability ofthe Estimated VAR Model 
6.9 Normality of the VAR residuals 
6. I 0 Serial Independence of the V AR Residuals 
6.1 I Further Confirmation of Serial Independence for 

the V AR Residuals 
6.12 Homoscedasticity of the V AR Residuals 
6. I 3 Further Confirmation of Homoscedasticty of the 

V AR Residuals 
6.14 Confirmation ofHomoscedasticity ofthe VAR Residuals 
6. I 5 Findings From the Table 6.2 [Equation ( 6.3)] 
6. I 6 Economic Interpretations of the Findings 
6. I 7 Findings From the Table 6.2 [Equation (6.4)] 
6. I 8 Economic Interpretations of the findings 
6. I 9 Overview of Findings 

82 

82 
83 

84-100 

84 
84 
84 
85 
86 
86 
88 
89 
91 
92 

93 
94 

95 
97 
99 
99 
100 
IOO 
100 

CHAPTER-7 Intervention Analysis Through The Study Oflmpulse 
Response Functions For Export Growth And Economic 
Growth In Sri Lanka I 01- I 07 

7. I Introduction 
7.2 Graphical Presentation oflmpulse Response Functions 

For Economic Growth 
7.3 Findings From the Figure-7. I 
7.4 Findings From the Figure-7 .2 

IOI 

lOI 
I05 
105 



7.5 Overall Findings on the Nature of Economic Growth 
Responses 1 06 

7.6 Graphical Presentations of lmpu lse Response Functions for 
Export Growth (X1) 1 06 

7.7 Findings from the Figure-7.3 106 
7.8 Findings from the Figure -7.4 107 
7.9 Findings From the Joint Study ofthe Figures 7.3 and 7.4 107 
7.10 Overall Findings from the Study with 

Impulse Response Functions I 07 

CHAPTER-8 Intervention Analysis Through The Study OfVariance 
Decompositions 108-11 I 

8.1 Introduction 
8.2 Variance Decomposition of Income Growth 
8.3 Findings from the Table-8.1 and Figure-8.1 
8.4 Variance Decomposition of Export Growth 
8.5 Findings from the Table- 8.2 and Figure- 8.2 
8.6 Summary of Findings 

CHAPTER-9 Granger Causality Between Economic Growth 
And Export Growth 

9.1 Granger Causality Test: The Estimable Model 
9.2 Findings From The Tables 9.1-9.2 [Equation 9.1] 
9.3 Findings From The Tables 9.3-9.4 [Equation 9.2] 
9.4 Overview of Findings 

108 
108 
109 
110 
Ill 
111 

112-115 

112 
115 
I 15 
I 15 

CHAPTER-10 Spectral Analysis For Further Confirmation Of The 
Nature of Granger Causality 116-130 

I 0.1 Introduction 116 
10.2 Spectral Estimation: Methodology 117 
10.3 Univariate Periodograms Nature and Significance 121 
10.4 Spectral Density Representations: Nature and Significance 124 
10.5 The 'Cospectral Density by Frequency' For Income Growth (Y) 

and Export Growth(X) 125 
10.6 'Coherency Spectrum' For Y and X 127 
10.7 'Gain Spectrum' For Y and X 128 
10.8 'Phase Spectrum' for Y and X 129 
10.9 Overview of Findings from the Spectral Analysis 130 



CHAPTER-11 Summary And Conclusion 

11.1 Int~oduction 
11.2 Stationarity 
11.3 Long-Run Relationship 
11.4 Stability of the Lon-Run Relationship 
11.5 Causal Relation 
11.6 Findings from the Study of Impulse Response Functions 
11.7 Findings from the Study ofVariance Decomposition 
11.8 Findings from the Study of Spectral Analysis 
11.9 Concluding Remarks 

References 

131-134 

131 
131 
131 
131 
132 
132 
133 
133 
134 

135-148 



LIST OF TABLES 

Page no. 

Table-1 Sectoral GDP Growth Rates 1990-2004 in Sri Lanka 10 

Table-4.1 Results of Augmented Dickey-Fuller Tests for Income 66 
Growth (Y1 ) Level 

Table-4.2 Results of Augmented Dickey-Fuller Tests for Export 66 
Growth (X1) at Level 

Table-4.5 Summary of Results 68 

Table-4.6 Results of Phillips-Perron Tests for Income Growth (Y1) 69 
at Level 

Table-4.8 Results of Phillips-Perron Tests for Export Growth (X1 ) 70 
at Level 

Table-4.6 Summary of Results 72 

Table-5.1 Results ofthe Estimation VEC Model 77 

Table-5.2 Relevant Statistics ofthe VEC Estimation 77 

Table-5.3 Roots of Characteristic Polynomial 78 

Table-5.4 VEC Residual Portmanteau Tests for Autocorrelations 79 

Table-5.5 VEC Residual Normality Tests 80 

Table-6.1 V AR Lag Order Selection Criteria 85 

Table-6.2 Results of Estimations of Equations (6.3) and (6.4) 87 

Table-6.3 Relevant Statistics Of Estimated Equations (6.3) and (6.4) 87 



Table-6.4 V AR Stability Condition Check 89 

Table-6.5 VAR Residual Normality Tests 91 

Table-6.6 V AR Residuals Portmanteau Tests for Autocorrelations 93 

Table-6.7 Results of Estimation ofEquation-6.3 Through ARCH Model 97 

Table-6.8 Results of Estimation ofEquation-6.4 Through ARCH Model 98 

Table-7.1 Response of Economic Growth to Economic Growth & Export 
Growth 104 

Table-7 .2 Response of Export Growth to Economic Growth & Export 1 04 
Growth 

Table-8.1 Variance Decomposition of Economic Growth 109 

Table-8.2 Variance Decomposition of Export Growth 110 

Table-9 .I Results of the Estimated Equation 9 .I 113 

Table-9.2 Relevant Statistics ofEquation-9.3 113 

Table-9.3 Results ofthe Estimated Equation 9.2 114 

Table-9 .4 Relevant Statistics of Equation-11.4 114 



LIST OF FIGURES 

Page no. 

Figure-4.1 Time Plots of Income Growth (Y1 ) and Export Growth 65 
(Xr) 

Figure-4.2 Correlogram for Income Growth (Y1 ) Level 73 

Figure-4.3 Correlogram for Export Growth (X1) at Level 73 

Figure-S. I Inverse Roots of AR Characteristic Polynomials 79 

Figure-6.1 Inverse Roots of AR Characteristic Polynomial 90 
1\ 

Figure-6.2 Correlogram of Residuals u1, 92 
1\ 

Figure-6.3 Correlogram of Residuals u2, 92 
1\ 

Figure-6.4 Time Plot of Residuals of Equation-6.3 ( u1, ) 94 
1\ 

Figure-6.5 Time Plot of Residuals ofEquation-6.4 ( u2, ) 95 
1\ 

Figure-6.6 Correlogram of Variance ofVAR Residuals ( u1, ) 95 
1\ 

Figure-6. 7 Correlogram of Variance of V AR Residual ( u2, ) 96 

Figure-7.1 Response of Economic Growth to Economic Growth 102 

Figure-7 .2 Response of Economic Growth to Export Growth 1 02 

Figure-7.3 Response of Export Growth to Economic Growth I03 

Figure-7 .4 Response of Export Growth to Export Growth 1 03 

Figure-8.1 Variance Decomposition of Economic Growth 1 08 

Figure-8.2 Variance Decomposition of Export Growth I 10 

Figure-1 0.1 Periodogram of Economic Growth by Frequency 121 



Figure- I 0.2 Periodogram of Export Growth by Frequency 121 

Figure-10.3 Periodogram of Economic GroWth by Period 122 

Figure- I 0.4 Periodogram of Export Growth by Period 122 

Figure-10.5 Spectral Density of Economic Growth by Frequency 123 

Figure- I 0.6 Spectral Density of Export Growth by Frequency 123 

Figure- I 0. 7 Spectral Density of Economic Growth by Period 124 

Figure-10.8 Spectral Density of Export Growth by Period 125 

Figure- I 0.9 Cospectral Density of Economic Growth and Export Growth 
by Frequency 125 

Figure-! 0.10 Cospectral Density of Economic Growth and Export Growth 
by Period 126 

Figure-! 0.11 Coherency Spectrum For Economic Growth and Export 
Growth by Frequency 127 

Figure-10.12 Coherency Spectrum For Economic Growth and Export 
Growth by Period 127 

Figure-10.13 Gain Spectrum For Economic Growth and Export 
Growth by Frequency 128 

Figure-10.14 Phase Spectrum For Economic Growth and Export 
Growth by Frequency 129 



1 

CHAPTER-1 

INTRODUCTION 

1.1 Economic Growth : The need 

An economy is said to grow when the country's gross domestic product (GDP) 
rises. Economic growth is of fundamental importance for all economies. Since 
virtually all countries experience growth in population over time. So growth in 
GDP is required simply to maintain current standard of living. In fact, if 
standards of living are to rise over time, then GOP must grow faster than 
population. 

Economic growth is also critical for economic development. Economic 
development refers to the achievement of a quality of life for the average 
citizen of a country that is comparable to that enjoyed by the average citizen of 
a country in a modern economy. Economic development is characterized by 
such things as high levels of consumption, broad-based educational 
achievement, adequate housing and access to high-quality health care etc. 
Achievement of these goals can come about only after long periods of sustained 
high levels of economic growth. 

1.2 Trade and Economic Growth: 

International Trade can affect the level of economic growth of an economy. 
With unemployed resources, an increase in export sales will lead to an overall 
expansion in production and accompanying fall in unemploy111ent rate. 
International trade also allows for purchase of capital goods from foreign 
countries and exposes an economy to technological advances achieved round 
the globe. 

Conversely, economic growth can affect the types of goods a country is able to 
trade. A technological advance in a country's import-competing sector, could 
lead to an overall reduction in the volume of trade of a country. Thus, 
international trade and economic growth are closely related. 

1.3 Export-Led Growth (ELG) Proposition: 

There are a few economic rationales within the trade theory to support the 
proposition of 'Export-Led Growth (ELG)'. 
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First, export growth may lead to an increase in dem.and for the output of the 
country concerned and thus cause its real output to rise. 

Second, an expansion in exports may promote specialization in the production 
of export products, which in turn may boost the productivity level and may 
cause the general level of skills to rise in the export sector. This may then lead 
to a reallocation of resources from the relatively inefficient non-trade sector to 
the highly productive export sector. The productivity change may lead to out
put growth. This effect is sometimes called. Verdoorn's Law, after P.J 
V erdoorn who suggested it in 1949. 

Third, the outward-oriented trade policy may also give access to advanced 
technologies, learning by doing gains, and better management practices (e.g., 
Caves, 1970; Hart, 1983; Krugman, 1987; Ben-David and Loewy, 1996; Lucas, 
1988; Rivera-Batiz and Romar, 1990) which may result in further efficiency 
gains. 

Fourth, an increase in exports may loosen a foreign exchange constraint (for 
instance, McKinnon, 1964; Chenery and Strout, 1996; Esfahani, 1991) which 
makes it easier to import inputs to meet domestic demand and so allow for out
put expansion. Outward orientation makes it possible to use external capital for 
development and tiding over the debt servicing problem. Consequently, export 
promotion may eliminate controls which usually result in an overvaluation of 
the domestic currency. 

Fifth, export development of certain goods based upon a country's comparative 
advantage may allow the exploitation of economies of scale that may lead to 
increased growth. This argument proposes that domestic markets are too small 
for optimal scale to be achieved while increasing returns may occur with access 
to foreign markets. 

Sixth, export-led growth may be seen as a part of the 'industry life cycle 
hypothesis' (e.g., Cornwall, 1977; Yarborough and Yarborough, 1994). This 
hypothesis describes economic growth as a cycle that begins with exports of 
primary goods. Over time, economic growth and knowledge change the 
structure of the domestic economy, including consumer demand, which propels 
the more technology intensive domestic industry to begin exporting. As 
domestic demand ebbs, economic growth arises from technologically advanced 
exports. 

Finally , some propose (e.g., Lal and Rajapatirana, 1987) that an outward
oriented strategy of development may provide greater opportunities and 
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rewards for entrepreneurial activity which is the key to extended growth as it is 
the entrepreneur who will seek out risk and opportunity. 

1.4 Some Discordant Views against ELG Proposition: 

The support for export -led growth is not universal. Critics point out that the 
experiences of export-led growth in the East and Southeast Asian countries are 
unique in many ways and not necessarily replicable in other countries. The 
dynamic general equilibrium model of small open LDC developed by Buffie 
(1992) is supportive of this idea. He holds, whether an export boom acts as an 
engine of growth depends on the structural characteristics of the economy. 
Again he doubts whether a reliance on exports would result in sustained long
term economic growth in the less developed countries in the face of volatility 
and unpredictability in the world market (e.g., Jaffee, 1985). 

Another issue is whether the markets in developed countries are large enough 
for absorbing exports from less developed countries (LDCs), or whether trade 
barriers would impede this route of development (e.g., Adelman 1984 and Cline 
1984). Some scholars support the counter development strategy of 
protectionism or import substitution (e.g., Prebisch, 1950, 1959; Singer, 1950; 
Bagchi, 1982; Prebisch, 1984; Bruton, 1989; Grabowski, 1994). This involves 
utilizing a variety of policy instruments (tariffs, quotas, and subsidies) to 
substitute domestic output for imports. Import substitution can be implemented 
without impacts from other economies and the benefits in the form of increased 
employment and output are immediate. Promotion of import substitution 
industries may also help develop a variety of industries while export 
promotion may only result in a select number of industries and may lead to a 
country being stuck producing goods from which the economic gains have been 
exhausted (e.g., Young, 1991). 

I 
Some argue (e.g., Cordon, 1987) that financing development through import 
substitution may be politically attractive as tariffs may raise taxes in a hidden 
fashion. Grossman and Helpman (1991) show that use of tariffs may benefit 
countries with a comparative disadvantage in key sectors (R&D for instance) 
and lead to greater growth. Advocates of selective import protection also 
prevail (e.g., Taylor, 1988) and empirically many countries promote exports in 
one or more sectors while protecting others. Export promotion and import 
substitution strategies may well be complementary and the latter may be a 
necessary step for export-based growth [Grabowski (I 994) and Hamilton and 
Thompson (1994)]. 



4 

1.5 Growth-Led Export (GLE) Proposition: 

There is also potential for Growth -led Export (GLE). Bhagwati (1998a) 
postulates that GLE is highly likely, unless anti-trade bias results from the 

· growth -induced supply and demand. Neoclassical trade theory supports this 
(e.g., Findlay, 1984) proposition that other factors, aside from exports, are 
responsible for output growth (e.g., primary input growth and /or factor 
productivity growth). A growtlt-led exports (GLE) orthodoxy has been justified 
by Kaldor (1964), Lancaster (1980), Krugman (1984) and Stavrinos (1987). 
According to them, economic growth leads to enhancement of skills and 
technology resulting in increased efficiency and comparative advantages for the 
country which facilitate exports. Market failure, with subsequent government 
intervention, may also result in GLE (Growtlt-Led Exports). 

1.6 Proposition of Feedback Relationship: 

A feedback relationship between exports and economic growth is an interesting 
prospect. Helpman and Krugman ( 1985) postulate that. exports may rise from 
the realization of economies of scale due to productivity gains. The rise in 
export may further enable cost reductions which may result in further 
productivity gains. Bhagwati (1988a) conjectures that increased trade 
(irrespective of cause) produces more income, and more income leads to more 
trade and so on. 

1. 7 Proposition of Independence: 

Pack, (1988, 1992) and Yaghmaian, 1994) hold that there exists no causal 
relationship between exports and economic growth. The growth paths of the 
two time series are determined by other unrelated variables in the economic 
system. 

1.8 Variants of Hypotheses: 

All these deliberations indicate that the relation between export and economic 
growth is really complex and economists differ among themselves on this issue. 
There are five schools of thought regarding the relationship between export 
growth and income growth. These are as follows: 
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(i) Export-Led Income Growth Hypothesis: 

It is argued that export growth leads to income growth. Consequently, this 
hypothesis indicates Uni-directional Granger Causality running from export 
growth to income growth. 

(ii) Income-led Export Growth: 

This view postulates that income growth is the main source of export growth in 
any economy. Consequently, there exists Uni-directional Granger Causality 
running from income growth to export growth. 

(iii) Income-Led Export Growth Led Income: 

This hypothesis holds that, there exists a 'Two-Way Linkage' between income 
growth and export growth. In such relationship the income growth occurs 
initially and then it leads to export growth. Export growth subsequently leads to 
further growth in income. Thus there exists a Bi-directional Granger Causality 
between income growth and export growth where initial causal impulse comes 
from income growth. 

(iv) Export Growth-Led Income Growth-Led Export Growth: 

This hypothesis states that there exists a 'Two-Way Linkage ' between export 
growth and income growth. In such relationship export growth occurs initially 
and then it leads to income growth. Income growth, in turn, causes further 
growth in export. Thus, there exists a 'Bi-directional Granger Causality 
between export growth and income growth where initial causal impulse comes 
from export growth. 

(v) Independence: 

This hypothesis holds that there exists no Granger Causality between export 
and economic growth. Consequently, these variables are independent of each 
other. 

1.9 Income-Export Relationship in South Asian Countries: 

Empirical study of income-export growth relationship has received greater 
importance in recent years. It arises from the fact that achieving high income 
growth rate is considered to be the main objective and task for the government 
of a country. As a matter of fact, the prime objective of the economic 
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management in the South Asian Countries is to attain and maintain high income 
growth rate. 

The South Asian Countries are basically 'developing' nations. These are trying 
to get out of the 'vicious circle of poverty' through attainment of higher income 
growth. Such growth is necessary for ensuring economic development and 
distributional justice. These countries, after the formation of the SAARC in 
1987, have been stressing upon impressive economic growth for the years to 
come. 

Again the South Asian Countries have undertaken economic reforms in early 
1990s with outward-orientation ofthe economy. These countries have also been 
stressing upon expansion of bilateral and multi-lateral trade relations with other 
members ofthe SAARC. 

These countries again have been suffering from 'adverse ' current Accounts 
situations. Expansion of trade among these countries basically presents an 
attempt for raising the volume of export. This is so because export growth is 
being considered an instrument of ensuring economic growth. Again with 
change in economic policies, income-export relationship may also be expected 
to undergo changes. This indicates for the possibility of a structural shift in 
such relationship. The estimation of such export and economic growth 
relationship, therefore, may present an account of dynamic relations between 
these two variables in South Asian Countries. 

1.10 Objective of the Study: 

Under this controversial theoretical framework, we seek to enquire empirically 
into the relationship between income growth and export growth in Sri Lanka, a 
member country of the SAARC. Sri Lanka is an important member of the 
SAARC and has been stressing upon expanding trade relations with other 
member countries. Sri Lanka, a sea-locked country, has been bountifully 
blessed with a scope of successfully carrying on international trade at a cheaper 
cost. Consequently export promotion exercises constitute a noticeable 
economic program for this country. 

This perspective of the economy fascinates the imagination of researchers to 
enquire into the contribution of export growth into its economic growth and 
vice versa. We, therefore, seek to study the relation between economic growth 
and export growth in this economy. With this end in view, we present in brief 
the salient features of the economy of Sri Lanka 
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1.11 The Economy of Sri Lanka: 

With an economy of $80.58 billion, and a per capita GDP of about $4,700, Sri 
Lanka has mostly enjoyed strong growth rates in recent years. Sri Lanka began 
to shift away from a socialist orientation in 1977. Since then, the government 
has been deregulating, privatizing, and opening the economy to international 
competition. Twenty years of civil war has no doubt slowed economic 
diversification and liberalization. Following the quelling of NP (Janata 
Vimukthi Peramuna), increased privatization, reform, and a stress on export
oriented growth helped revive the economy's performance, taking GDP growth 
to 7% in 1993. Average annual GDP growth was 5.2% over 1991-2000. In 
2001, however, GDP growth was negative 1.4%-- the first contraction since 
independence. The economy was hit by a series of global and domestic 
economic problems and affected by terrorist attacks in Sri Lanka and the United 
States. The crises exposed the fundamental policy failures and structural 
imbalances in the economy and the need for bold reforms. 

In 2002, Sri Lanka commenced a gradual recovery. Early signs of a peace 
dividend were visible through out the economy -Sri Lanka has been able to 
reduce defense expenditures and begin to focus on getting its large, public 
sector debt under control. In addition, the economy has benefited from lower 
interest rates, a recovery in domestic demand, increased tourist arrivals, a 
revival of the stock exchange, and increased foreign direct investment. In 2002, 
economic growth bounced up to 4%, helped by strong service sector growth. 
Agriculture staged a partial recovery. Industrial sector growth, however, 
faltered for the second consecutive year due to weak demand and lower prices 
for Sri Lanka's exports. The government was able to exert fiscal control, and 
inflation trended down. 

The future of Sri Lanka's economic health is uncertain. If privatization 
continues and export orientation strengthens, weakness in government will have 
less impact on growth. Real growth continued to be in the 4%-6% range beyond 
2003 but remained below the 8%-9% growth needed to move quickly into the 
status of middle- income or newly developed country. 

The service sector is the largest component ofGDP (54%). In 2003, the service 
sector continued its strong expansion, fueled primarily by strong growth in 
telecom and financial services. Manufacturing accounts for about 15.9% of 
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GDP. Agriculture has lost its relative importance to the Sri Lankan economy in 
recent decades. It accounts for 20.1% ofGDP and provides employment to 33% 
of the working population. 

Exports to the United States, Sri Lanka's most important market (33%of total 
exports). India is Sri Lanka's largest supplier, with exports of $835 million in 
2002. Others suppliers are Japan, Hong Kong, Singapore Taiwan and South 
Korea. 

Sri Lanka is highly dependent on foreign assistance, and several high-profile 
assistance projects were launched in 2003. The most significant of these 
resulted from an aid conference in Tokyo in June 2003. 

1.12 Exports of Sri Lanka: 

Clothing and apparel is now the country's leading foreign exchange earner, 
accounting for over half of export receipts. Sri Lanka's traditional primary 
exports have been tea, natural rubber, and coconut products, especially 
desiccated coconut and coconut oil. However, the share of total export earnings 
accounted for by these three commodities declined steadily from 87% in 1972 

·to 48% in 1985 and 16% in 1999; tea decreased from its 58% share of total 
export value in 1972 to a low of 8.2% in 1995. Declining export shares for the 
country's agriculturally based exports are due to adverse weather conditions in 
recent years as well as rapid growth in the export earnings of industrial 
products. 

In 1999 garments accounted for 51% of Sri Lankan exports. Other commodity 
exports are tea (14%), diamonds and other precious gems (2.9%), and coconut 
products (1.7%). Sri Lanka is the source of a large portion of the world's tea 
exports (25%). 

Main Exports of The Country Consists of tea, Rubber, Coconuts, Garments, 
Gems, desiccated articles, made-up textiles, coconut fiber, activated carbon, 
articles of leather, and articles of steel. 

1.13 Sectoral GDP Growth, Investment and Savings: 

In contrast with the 1990s, real GDP growth since 2002 has been driven by the 
service sector (mainly transport and telecommunications), while industry has 
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taken second place due to a considerable slowdown in manufacturing growth. 
Meanwhile, agriculture has continued to lag and virtually stagnated over the 
recent period. 

The industrial sector, which contributes about 26% of GDP, has recovered 
slowly with growth averaging 3.6% in 2002-2004. This growth record is well 
below the rates achieved in the 1990s (6.8% on average) which in tum reflected 
strong manufacturing growth (8.1% on average). A primary reason is that the 
global economic slowdown during 2001-02 has limited the demand for Sri 
Lanka's manufactured exports, especially for textiles and garments, which are 
the country's largest export category. By 2004, textile and garment exports at 
about US$2.8 billion were below the levels attained in 2000 (US$3 billion). 

The service sector, which accounts for about 55% of GDP, has been on the 
upswing in the course of the past three years growing by over7% in 2002-04 
compared to the average annual growth of 5.6% recorded in the 1990s. The 
telecommunication sub sector as been at the forefront of this growth 
performance, reflecting the participation of the private sector in expanding the 
telecommunications network and provision for higher value added services 
growing on average by 25% the last three years. Healthy growth in transport, 
trade, and banking and real estate have also contributed to the expansion of the 
sector. 

Agriculture (including forestry and fisheries) has continued to lag behind other 
sectors and virtually stagnated during 2002-2004, compared to an average 
growth of 2.5% during the 1990s. A drought in 2004 contributed to a 0.7 
contraction in value added. The poor performance of the sector reflects its 
concentration on a few crops: paddy, tea, rubber, coconut and a small number 
of other field crops. This concentration entails high risks and makes the sector 
highly vulnerable to weather conditions. Infrastructure bottlenecks continue to 
hamper the distribution of agriculture produce, and unpredictable tariff 
adjustments create uncertainty and discourage long-term investment in the 
sector. 

Gross domestic investment remained somewhat subdued at around 22% of 
GDP in the immediate years after the ceasefire, but gained momentum in 2004 
reaching an estimated 25% ofGDP. 
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Table -1 
Sectoral GDP Growth Rates 1990-2004 

1990- 2001 2002 2003 2004 
2000 
average 

Agriculture Sector 2.5 -3.4 2.5 1.6 -0.7 

Industrial Sector 6.8 -2.1 1.0 5.5 5.2 

Manufacturing 8.1 -4.2 2.1 4.2 5.1 

Construction 5.2 2.5 0.8 5.5 6.6 

Services Sector 5.6 -0.5 6.1 7.9 7.6 

Transport, Storage 6.4 3.8 7.6 10.2 13.7 
and Communication 

Wholesale and Retail 5.5 -6.7 5.6 7.3 5.7 
Trade 

Banking,Insurance, 7.7 7.9 11.1 10.6 6.6 
and Real Estate 

PublicAdministration 3.5 1.0 0.0 0.6 2.0 
and Defense 

GDP 5.3 -1.5 4.0 6.0 5.4 

National Saving 19.8 20.3 19.5 21.3 -

Total Investment 25.2 22 21.3 22.3 25.0 

Foreign Direct 164 172 197 229 227 
Investment($Mn) 

Of which 39 90 5.0 30 10 
privatization proceeds 

Source: IMF World Econom1c Out Look Database. 
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1.14 Specific Issues Under Study: 

The present study seeks to enquire into 

(i) the existence of long-run equilibrium relationship between income growth 
and export growth in Sri Lanka 

(ii) the stability of such long-run relationship 

(iii) the nature and direction of causality between income growth and export 
growth in the economy of Sri Lanka. 

1.15 Plan of the Study: 

Chapter- 2 represents the review of literature. 

Chapter- 3 deals with methodology used in the study. 

Chapter - 4 is devoted to the study of the Stationarity of datasets and the Co
integration between export growth and economic growth. 

Chapter- 5 involves the study the stability of the long-run relationship 
between income growth and export growth. The stability of such 
relationship has been examined through the estimation ofthe 
Vector Error Correction (VEC) Model. 

Chapter- 6 consists in the study with the Vector Autoregressive Model (V AR). 
This model treats all variables symmetrically without making 
reference to the issue of dependence versus independence. 

Chapter- 7 presents intervention analysis through the study of Impulse 
Response Functions for export growth and economic growth in Sri 
Lanka. 

Chapter- 8 deals with the intervention analysis through the study of Variance 
Decompositions. Variance Decomposition helps separate 

the variations in an endogenous variable into some 
· component shocks. 

Chapter -9 is devoted to examine the Granger Causality between economic 
growth and export growth. 

Chapter -10 presents Spectral Analysis for further confirmation of Granger 
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Causality. 'Spectral Analysis' is a powerful tool for inspecting 
cyclical phenomenon and highlighting lead-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. 

Chapter -11: presents summary of findings and observations in different 
Chapters along with concluding remarks. 



13 

CHAPTER2 

LITERATURE SURVEY 

2.1 Introduction: 

There exists a plethora of studies on the relationship between export growth and 
economic growth. All these studies used the time series data for export and 
GDP (or GNP) of the countries concerned. These studies involved the use of 
time series methodologies. These methodologies consist of 

(i) test of stationarity of export and income series 

(ii) the study of cointegration between export and income growths 

(iii) the study on the stability of the long-run relationship 

(iv) examining the nature and direction of Granger Causality between export 
and income growths. 

These studies, however, differ among themselves in the matter of time series 
techniques employed on each account. Consequently, different studies came up 
with different conclusions about relations between export and economic growth 
in any particular country even though these studies employed almost the same 
time-series datasets for the variables concerned. 

We seek to present the summary of findings from different studies in tabular 
forms below: 

2.2 Findings on the Stationarity of Income series: 

A summary of the unit root test results on logarithms of real GDP is being 
presented through the Table-2.1. 

Table-2.1 
Results of Unit Root Tests on GDP of Several Countries 

Country DF ws KPSS DP HF Conclusion 
Australia 1 1 1 1 1(1) 
Austria 0 or 1 1 1 2 0 or 1, 1(0) DR or 

TR DR 1(1) TR 
Belgium 1 1 1 lTr 1(1) TR 
Canada 0 or 1 1 1 0 or 1(0) or 1(1) 
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TR 1TR TR 
Denmark OTRor 1 1 1TR 1(1) TR 

1 
Finland 0 or 1 1 1 OQTR IO) QTRor 

TR or 1(1) 
France 0 or 1 1 1 1TR 1(0) or 1(1) 

TR TR 
Greece 0 or 1 1 1 1TR 1(0) or 1(1) 

TR TR 
Hungary 1 1 1 2 0 or 1, 1(0) or 1(1) 

DR TR 
Iceland 1 I 1 1 1(1) DR 
Ireland 1 I OTRor 1 1(1) 

1 
Italy 0 or 1 1 I 0 or 1(1) 

TR 1TR 
Japan 0 or I 1 1 2 0 or 1, 1(0) or I (I) 

TR DR TR 
Korea Rep. I 1 1 1 1(0) DR or 

1(1) TR 
Luxembourg I I I I 1(1) 
Mexico 0 or 1 1 1 0 or 1(1) 

TR 1TR 
Nethei-Iands 1 1 1 2 0 or 1, 1(0) or 1(1) 

DR TR 
New 1 I I I 1(1) 
Zealand 
Norway I I I I I(l) 
Portugal 0 or I 1 1 0 or 1(0) or 1(1) 

TR lTR TR 
S_e_ain I I I I l(l) 
Sweden 0 I 1 0 or 

TR 
Switzerland I 1 1 1 I(l) 
UK I 1 OTRor I 1(1) 

1 
USA OTRor 1 1 1 1(0) or 1(1) 

1 TR 
Note: DR, TR and QTR refer to dnft, hnear trend ·and quadratic trend 
components respectively. 
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2.3 Findings on the Stationarity of Export Series: 

A summary of the unit root test results on logarithms of real Export is being 
presented through the Table-2.2. 

Table-2.2 
R esu ts o m oot est on xpor o fU "tR T E t fS evera I C t . oun nes 

Country DF ws KPSS DP HF Conclusion 

Australia 1 I OTRor I 1(1) 
1 

Austria 1 1 1 1 1(1) 

Belgium 1 1 1 1 1(1) 

Canada 1 I I I I (I) 

Denmark OTRor 1 I OTRor 1(0) TR or 
1 I 1(1) 

Finland 1 I 1 I 1(1) 

France I I I 1 1(1) 

Greece 1 1 I 1 1(1) 

Hungary 1 1 1 2 0 or 1, 1(1) DR 
DR 

Iceland 1 1 1 I 1(1) 

Ireland 1 1 1 I I( I) 

Italy I I I I I (I) 

Japan 1 1 1 ITR 1(1) TR 

Korea Rep. OTRor 1 I 0 1(0) or 1(1) 
1 TR 

Luxembourg 1 1 OTRor I 1(1) 
1 

Mexico 1 1 OTRor 1 1(1) 
I 
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Netherlands I I I I I (I) 

New OTRor OTRor OTRor I I(O) TR or 
Zealand I I I 1(1) 

Norway 1 1 OTRor 1 1(1) 
1 

Portugal 1 I OTRor OQTR I(O) QTR or 
I I(O) 

Spain I 1 OTRor I I(l) 
I 

Sweden I 1 OTRor 1 I (I) 
I 

Switzerland OTRor 1 I lTR I(O) or 1(1) 
1 TR 

UK I I I 2 0 or I, I(I) DR 
DR 

USA I 1 OTRor 1 1(1) 
I 

Note: DR, TR and QTR refer to drift, linear trend and quadratic trend 
components respectively 

2.3 Findings on Cointegration: 

A summary of the cointegration test results on logarithms of real GDP and 
logarithms of real Export is given by the Table-2.3 

Table-2.3 
F" d" m mgson c . t om e~ f Btw E rt dE ra Jon e een xpo an . G th conomic row 

Country Model AEG s JJ Conclusion 

Australia I,2 not not not Cl(l, 1) not CI(l,I) 
CI(l,l) CI(l, I )3 

Austria 3 not CI(l,1)2 inconclusive contradicting 
CI(l,1) 

Belgium 3 not not not Cl(l,I) not Cl(l,1) 
CI(l,I) CI(I, 1) 

Canada 3 not not not CI(l,I) not Cl(l,1) 
CI(l, I) CI(I,I) 

Denmark 3 Cl(l,I) CI(I,l) inconclusive CI(l,I) 

Finland 1,2 not not CI(l, 1) contradicting 
CI(I,I)1 Cl(l,l)3 
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France 3 not CI(l, 1) inconclusive contradicting 
CI(l,l) 

Greece 3 not CI(l,) not CI(l,I) contradicting 
CI(l,l) 

Hungary 2 not not not CI(l,l) not CI(l,l) 
CI(l,) CI(l,l) 

Iceland I,2 CI(l,) CI(l,) CI(l,I) CI(l,l) 

Ireland 1,2 not not CI(1,1)3 contradicting 
CI(l, 1) CI(l,I)3 

Italy 3 not CI(l, I) not CI(l,l) contradicting 
CI(l,l) 

Japan 2,3 CI(l,) CI(l,l) not CI(I,I) CI(l,l) 

Korea Rep. 3 not CI(l,l)2 not CI(l,l) contradicting 
CI(l,l)1 

Luxembourg 1,2 not not not CI(l, I) not CI(l,l) 
CI(l, 1) CI(l,l) 

Mexico 3 not CI(1,1)2 notCI(l,l) contradicting 
CI( 1 ,) 

Netherlands 2 not CI(l,1) CI(l,1) CI(l,1) 
CI(1, 1) 

New 1,2 not not CI(l,1)3 contradicting 
Zealand CI(l,1)1 CI(l,l)3 

Norway 1,2 not not CI(l, 1)3 contradicting 
CI(l, 1) CI(l,I)3 

Portugal 3 not CI(l, 1)2 inconclusive contradicting 
CI(l,l) 

Spain 1,2 not CI(l,l) CI(l,l)3 contradicting 
CI(l,1)1 

Sweden 3 not CI(l,I) inconclusive contradicting 
CI(l,l) 

Switzerland 3 not not Cl(1,1) contradicting 
CI(l, 1) CI(1,1) 

UK 2 not CI(1,1)2 notCI(l,l) contradicting 
CI(l, 1) 

USA 1,2 not not CI(1,1)3 contradicting 
CI(l, 1) CI(1,1)3 

Note: a) Model 1 has no deterministic term; Model 2 has an intercept term, 
while Model 3 has a linear .trend. b) 1

: There is some sign of cointegration2
: 

There is some sign of no cointegration.3
: Only for model I . 

.., 
~:95'f5o 
i B cc; 2811 
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2.4 Findings on Export-Led Growth: 

A summary of findings from economic investigations on the relationship 
between export and economic growth in South Asian and South East Asian 
countries is being presented through the Table-2.4 below: 

Table-2.4 
F" d" In IDf.?;SOn 'E L dG X 10rt- e row th' 

Estimate Sample Methodology Conclusion 
Country 

Asfu-Adjaye et India Cointegration and No Causality 
al.(1999) Vector 

Autoregression(V AR 
) 

Dhawan India Cointegration and Export-led 
&Biswal(1999) Vector growth in the 

Autoregression(V AR short run and 
) Cointegration in 

the long run 

Riezman et Sri Lanka & Vector No Causality and 
al.(1996) Bangladesh Autoregression(V AR Growth-led 

) export 

Love& Sri Lanka Vector error No Causality 
Chandra(2004) correction (VEC) 

Ghatak& India( 1960- Granger Causality Non export GDP 
Price( 1997) 1992) growth causes 

real export 
growth 

Abhijit Sharma India Co integration, A very weak 
and Theodore Vector error evidence of 
Panagiotidis(2004) correction (VEC), Export-led 

Granger Causality growth 
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Islam( 1996) Sri Lanka Bivariate VEC and Export-led 
Bangladesh 5-variables VEC growth 
Sri Lanka Export-led 
Bangladesh growth 

Bi-directional 
causality 
No Causality 

Jung& Sri Lanka Bivariate VAR No Causality 
Marshall( 1985) 

Dr. Joel Sentsho Botswana Aggregate Positive impact 
Production Function of traditional 
Model exports but 

negative impact 
of non traditional 
exports on 
growth 

Nidugala (200 1) India Esfahani' s( 1991 )mo Export-led 
del and Augmented growth 
Production Function 

Abhayaratne Sri Lanka Vector No Causality 
(1996) Bangladesh Autoregression(V AR No Causality 

) 

Judith A. Clarke and Bangladesh Cointegration, Vector Granger Causality 
Mukesh Sri Lanka error correction at longer horizons 
Ralhan(2005) (VEC), V AR, Granger leads to 

Causality bidirectional 
causality, even 
when there is not 
one-period 
causality. The 
longer horizon 
causality arises 
indirectly through 
one or more 
auxiliary variables. 
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Estimate Sample Methodology Conclusion 
Country 

Ekanaya (1999) Sri Lanka Vector error Bi-directional 
correction (VEC) causality 

Xu (1996) Sri Lanka Vector Growth-led export 
Autoregression(V AR) 

Arnade& Sri Lanka Vector error No Causality 
Vasavada (1995) Bangladesh correction (VEC) No Causality 

Sharma & Dhaka! Sri Lanka 4-variables ,Vector Export-led growth 
(1994) Autoregression(V AR) 
Love (1994) Sri Lanka 2-variables ,Vector No Causality 

Autoregression(V AR) 
Dodaro(l993) Sri Lanka Vector No Causality 

Autoregression(V AR) 
Hutchison & Sri Lanka Bivariate V AR, No Causality 
Singh (1992) Trivariate V AR 
Bahmani-Oskooee Sri Lanka Bivariate VAR No Causality 
et al.(l991) 
Murat Doganlar India Cointegration & Bi-directional 

Pakistan Vector error causality 
Philippines correction (VEC) Growth-led export 
Singapore Bi-directional 
South Korea causality 
Thailand Bi-directional 
Srr Lanka causality 
Turkey Bi-directional 

causality 
Export-led growth 
Growth-led export 
Bi-directional 
causality 

2.5 Findings From Major Empirical Studies: 

A summary of findings in some major empirical studies on the relationship 
between Export and Economic Growth is being presented through the Table-
2.5below: 
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Table-2.5 
Findings on the Relationship Between Export and Economic Growth 

Authors Blumenthal(1972) 
Data Japan-annual & quarterly, 1953:67 
Method OLS(growth of real exports on growth of real GDP) 
Unit root test 
Cointegration-
test 
Lag selection 
Other variables 
Results No significant relationship 

Authors Voivodas(l97 4) 
Data Korea- annual,1955:70 
Method OLS(growth of real GDP on proportion of exports to output) 
Unit root test 
Cointegration-
test 
Lag selection 
Other variables 
Results Significant export-economic growth relationship 

Authors Krueger (1978) 
Data Brazil, Chile, Colombia, Egypt, Ghana, India, Israel, South 

Korea, Philippines, Turkey-annual, 1954:71. 
Method OLS(log Real GNP on log Real Exports over the entire period) 

Unit root test 
Co integration-
test 
Lag selection 
Other variables Time trend; Dummy Variables for trade regimes 
Results Significant export/economic growth relationship 

Authors Fajana (1979) 
Data Nigeria- annual, 1954:74 
Method OLS(growth of Real GDP on Real Exports share of GDP); 

OLS(Meal GDP on Meal exports);OLS(growth of real GDP on 
proportion of exports to GDP) 

Unit root test 
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Cointegration-
test 
Lag selection 
Other variables Trade balance; current account. 
Results Significant export-economic growth relationship 

Authors Schenzler( 1982) 
Data Chile, India, South Korea-annual, 1950:79 
Method OLS (real GDP growth on real export growth or export share) 
Unit root test 
Co integration-
test 
Lag selection 
Other variables Investment share; govt. spending share; Foreign aid share. 
Results Significant export-economic growth relationship 

Authors Gupta (1985) 
Data South Korea- quarterly, 1960(1):79(4) & Israel- quarterly, 

1969( I). Real GNP & exports. 
Method Bivariate Sims (F); prewhitened via ARIMA transformations; 

transformed V AR with trend & constant. 
Unit root test 
Cointegration-
test 
Lag selection Preset to 4 
Other variables 
Results Bidirectional causality between export and economic growth 

Authors Jung & Marshal (1985) 
Data 37 developing countries- annual, periods within 1950:81. Real 

GNP/GDP growth & export growth. 
Method Bivariate Granger (F); DV AR & some D2V AR with constant. 
Unit root test 
Cointegration-
test 
Lag selection Preset to 2; increased to 3 if residuals correlated. 
Other variables 



Results 

Authors 
Data 

Method 
Unit root test 
Co integration-
test 
Lag selection 
Other variables 
Results 

Authors 
Data 

Method 
Unit root test 
Co integration-
test 
Lag selection 
Other variables 
Results 

Authors 
Data 

Method 
Unit root test 
Cointegration-
test 
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Export-led growth: Indonesia, Greece, Egypt, Costa Rica, 
Ecuador. Growth-led exports: Iran, Nigeria, Kenya, South 
Africa, Korea, Pakistan, Taiwan, Thailand, Bolivia, Chile, and 
Peru. Bidirectional causality: Israel. No causality: Venezuela, 
Morocco, Tunisia, India, Philippines, Sri Lanka, Portugal, 
Turkey, Argentina, Brazil, Colombia, Dominican Re. , El 
Salvador, Guyana, Honduras, Jamaica, Mexico, Paraguay, 
Uruguay. 

Darrat (1986) 
Hong Kong, Korea, Singapore, Taiwan- annual, 1960:82. % 
change in real GDP & exports. 
Bivariate Granger (F); LV AR in s.Qecified variables 

Set to 2 after nonparametric test for serial non correlation 

Growth-led exports: Taiwan. No causality : Hong Kong, Korea, 
Singapore 

Hasiao(l987) 
Hong Kong, South Korea, Singapore, Taiwan- annual, periods 
within 1960:82. Logs; real GDP & exports. 
Bivariat Sims & Granger(F); DV AR with constant. 

Preset to 3 exceet 2 for Singapore. 

Sims- Growth -led export: Hong Kong. Bidirectional causality: 
South Korea, Singapore, Taiwan. Granger- Growth -led export: 
Hong Kong. No causality: South Korea, Singapore, Taiwan. 

Grabowski (1988) 
Japan- annual, 1885: 1940. Growth of real GNP & exports or 
exports as a share of GNP, or growth of per capita GNP & 
exports 
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Lag selection 
Other variables Real gross capital formation as a share of GNP or growth of 

gross capital formation per capita; labor force growth; 
agriculture land growth; growth ofGNE; volume ofworld 
trade; time trend. 

Results Positive and significant export-economic growth effect. 

Authors Afxentiou & Serletis ( 1989) 
Data Canada-annual, 1870:1985, 1870:96, 1896:1929, 

1930:50,1950:85. Logs; nominal GNP & exports. 
Method OLS in levels and I st differences 
Unit root test ADF (SC; with & without constant & trend). 
Cointegration- CRDW; EG-ADF (SC; with constant). CRDW: cointegration; 
test EG-ADF: non cointegration. 
Lag selection 
Other variables Investment; government spending. 
Results Positive, significant export-economic growth effect but 

declining in importance over time. 

Authors Kunst & Marin(l989) 

Data Australia- quarterly, 1965(2): 85(4). Logs; real out put per 
employee in manufacturing sector & real exports of 
manufactured goods. 

Method 4-variable Granger (F); DV AR with no deterministic terms. 

Unit root test 

Cointegration- , 
test 
Lag selection AIC [Akaike's (1973) Information criterion for lag selection] 

Other variables Terms of trade (export unit value/import unit value for 
manufactured goods); real OECD GDP; seasonal dummy 
variables. 

Results Growth-led export 
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Authors Grabowski et al. (1990) 
Data Japan- annual, 1885: 1939 & 1952:80. Logs; real GDP 7 

exports. 
Method· 5-variable Granger (F); DVAR with constant 
Unit root test 
Cointegration-
test 

'Lag selection FPE [ Akaike;s ( 1969) Final Prediction Error criterion for lag 
selection] 

Other variables Real gross capital stock; labor force; agricultural productivity. 
Results No Export-led growth 1885: 193 9; Export-led growth for 

1952:80. 

Authors Sung-Shen et al. (1990) 
Data South Korea, Japan, Taiwan- quarterly, seasonally adjusted, 

periods within 1957(1 ):87(1 ). Logs; real GDP & exports. 
Method Bivariate Granger (F; Akaike FPE); DV AR with constant. 
Unit root test DF (with constant) 
Co integration-
test 
Lag selection FPE 
Other variables 
Results Bi-directional Causality: Japan, South Korea, Taiwan. 

Authors Afexntiou & Serlettis ( 1991) 

Data 16 industrial countries-annual, 1950:85. Logs; real Gnp & 
exports. 

Method Bivariate Granger (F); DV AR for all countries except LV AR for 
cointegrated countries with no deterministic. Terms. 

Unit root test PP (n.s.; with constant). 

Cointegration- PP (n.s.; with constant). Noncointegration except for Iceland, 
test Netherlands & Norway. 
Lag selection sc 
Other variables 
Results Growth-led export: Norway, Japan, and Canada. Bidirectional 

causality: US. No causality: Austria, Belgium, Denmark, 
Finland, Germany, Iceland, Netherlands, Spain, Sweden, 
Switzerland, UK. 
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Authors Ahmad & Kwan (1991) 

Data Pooled- 4 7 African developing countries- annual, 1981:87. 
Real GDP per capita & annual growth of real GDP. Total real 
exports; total real manufactured exports & share of real 
manufactured exports. Disaggregated into 30 low income & 
17 middle & high income countries. 

Method Bivariate Granger (F); LV AR in described variables with 
constant. 

Unit root test 

Cointegration-
test 
Lag selection AIC 

Other variables 

Results No export-led growth; some growth-led export in pooled 
cases. 

Authors Bahmani- Oskooee et al. (1991) 
Data 20 LDCs- annu8al, periods within 1951:81. Real GDP & 

export growth. 
Method Bivariate Granger (Akaike FPE); LV AR in growth variables, 

some DV AR, with constant 
Unit root test 
Cointegration-
test 
Lag selection 
Other variables FPE 
Results Export -led growth: El Salvador, Greece, Morocco, Peru, and 

Taiwan. Growth -led export: Nigeria, South Africa. 
Bidirectional causality: Dominican Republic, Indonesia, 
Korea, Paraguay. No causality: Brazil, Ecuador, Guyana, 
Honduras, Jamaica, Philippines, Sri Lanka, Tunisia. 

Authors Kugler (1991) 
Data US, Japan, Switzerland, West Germany, France, UK-

quarterly, seasonally adjusted, 1970:87. Logs, real GOP & 
exports. 

Method 4- Variable Granger; ECM for cointegrated countries, with 
constant. 
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Unit root test ADF (Preset to 1&6; with constant) 
Cointegration- JJML (AIC); Case!). Cointegration for West Germany & 
test France. 
Lag selection AIC 
Other variables Total real private consumption; real gross fixed capital 

business investment. 
Results Based results on cointegration outcome; concludes Export-led 

wowth for West Germany & France but not for others. 

Authors K wan & Cotsomotis ( 1991) 
Data China-annual, 1952:85 & 1952:78. Real per capita income & 

ratio of exports to income. 
Method Bivariate Granger (LR); LV AR & DV AR (income second 

differenced) with constant. 
Unit root test 
Co integration-
test 
Lag selection AIC 
Other variables 
Results Bi-directional Causality: 1952:85. No causality 1952:78. 

Authors Nandi & Biswas(1991) 
Data India-annual, 1960:85. Real GOP and export growth. 
Method Bivariate Sims (F); LV AR in growth variables with constant. 
Unit root test 
Co integration- . 
test 
Lag selection n.s. 
Other variables 
Results Export-led growth. 

Authors Salvatore n& Hatcher ( 1991) 
Data 26 developing countries- annual, 1963:85. 7 split up as 

1963:73 & 1973:85. 
Method OLS & AUTO (real GDP growth on real export growth) 
Unit root test 
Cointegration-
test 
Lag selection 
Other variables Gross fixed capital formation as % of GDP; real industrial 

production growth. 
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Authors 
Data 

Method 

Unit root test 
Cointegration-
test 
Lag selection 
Other variables 
Results 

Authors 

Data 

Method 

Unit root test 

Cointegration-
test 
Lag selection 

Other variables 
Results 
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Positive significant export coefficient for Chile, Malaysia, 
Tunisia, Uruguay, Colombia, El Salvador, Honduras, Ivory 
Coast, Senegal, Argentina, Dominican Rep., India, Nigeria, 
Zambia. Insignificant for South Korea, Israel, Kenya, Mexico, 
Nicaragua, Philippines, Bangladesh, Peru, Pakistan. 
Significant negative for Yugoslavia, Singapore. 

Sharma et al. (1991) 
West Germany, Japan, US, UK, Italy-quarterly, 
1960(1):87(2). Logs; real GNP & exports. 
4-variable Granger (LR). FEVDs ( 4 orderings; 8 & 20 quarter 
horizons). Constant included. Some first differenced, some 
first and seasonally differenced. 

FPE 
Labor; real capital formation 
Export-led growth: West Germany, Japan. Growth-led export: 
US, UK. No causality: Italy. 

Ahmed & Harhirun(1992) 

5 ASEAN countries-annual, 1967:88. Real per capita exports 
&GDP. 
Bivariate Granger (LR); ECM for cointegrated countries, 
DV AR for noncointegrated, with constant. 
ADF (LM; with constant and trend) 

EG-ADF (n.s.; no constant). Cointegration for Thailand; 
noncointegration for other countries. 
FPE 

Growth-led export: Malaysia, Philippines, Singapore, and 
Indonesia. No causality: Thailand. 
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Authors Egwaikhide (1992) 
Data Nigeria-annual, 1973. Logs nominal and real GOP & oil 

exports. 7 component sectors ofGDP. 
Method OLS (GOP on current and lagged oil exports, with constant). 3 

equations SEM (2sls). 
Unit root test 
Co integration-
test 
Lag selection Preset to 2 
Other variables Imports; export price of crude oil. 
Results A Marginal Export-led growth. 

Authors Serletis (1992) 
Data Canada-annual, 1870:85; 1870:44; 1945:85. Logs; real GOP & 

exports. 
Method Bivariate & trivariate Granger (F); DV AR with constant. 
Unit root test PP (0, 12, [2]; with constant & trend and combinations thereof). 
Cointegration- PO (0, 12, [2]; with constant). Nocointegration. 
test 
Lag selection sc 
Other variables Real imports 
Results Export-led growth: 1870:85; 1870:44. No causality: 1945:85. 

Authors Grdon & Sakyi-Bekoe(1993) 
Data Ghana-annual, 1955:87. Real export & GOP growth. 
Method Bivariate & Trivariate Granger, Sims, modified Sims, Akaike 

FPE, rank F-test (F); LV AR in growth variables with no 
deterministic terms. 

Unit root test ADF (n.s.; with constant 
Cointegration-
test 
Lag selection Preset to 3 & 5 for bivariate; preset to 5 & FPE for trivariate. 
Other variables Real investment growth. 
Results No export-led growth at 5% level; some Export-led growth, 

Growth-led export & Bidirectional causality in bivariate model 
at I 0% level. Some Growth-led export in trivariate Granger; 
Export-led growth for rank F-test. Results are method 
dependent. 
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Authors Khan & Saqib (1993) 
Data Pakistan-annual, 1972:88. 
Method OLS & 3SLS (real GDP growth on real exports; real 

manufactured exports; real primary exports). 
Unit root test 
Cointegration-
test 
Lag selection 
Other variables World GDP index; capital stock series; employed labor force; 

ratio of domestic export prices to World export prices. 
Results Significant positive export-economic growth effect. 

Authors Kugler & Dridi (1993) 
Data 11 LDCs (Argentina, Brazil, Chile, Egypt, Hong Kong, 

Malaysia, 
Mexico, Pakistan Philippines, Thailand)-annual, 1960:89. Logs; 
real GDP & exports. 

Method 4-variable with conclusions based on cointegration results. 
Unit root test ADF (preset to 1 & 2; with constant and trend). 
Cointegration- JJML (AIC; Case 1). Cointegration for all except Egypt, 
test Malaysia, Mexico, Thailand. 
Lag selection AIC 
Other variables Total private consumption expenditures; business-fixed 

investment 
Results Conclude Export-led growth for co integrated countries; i.e. 

Argentina, Brazil, Chile, Hong Kong, Pakistan, Philippines. 

Authors Oxley(1993) 
Data Portugal-annual, 1865:91. Logs; real GDP & exports 
Method Bivariate Granger (Wald); ECM with constant. 
Unit root test ADF (preset to 4; with & without trend. 
Cointegration- JJML( 1 ,2,3,:Case 1) 
test 
Lag selection EPF 
Other variables 
Results Growth-led export. 
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Authors Sengupta( 1993) 
Data South Korea, Taiwan, Japan, Philippines,-annual, periods within 

1961:87. Meal GDP & exports; GDP growth & % share of 
changes in exports in GDP. 

Method OLS-cotemporaneous relationship in growth or change variables-
aggregate production function. 

Unit root test 
Cointegration-
test 
Lag selection 
Other variables Real investment (capital); employment. 
Results Significant positive export-economic growth effect for Taiwan, 

South Korea but not for Japan or Philippines. For Japan also if 
definition of export variable change. 

Authors Supo Alege(l993) 
Data Nigeria-annual, 1960:85. Logs; real GDP, oil exports & total 

exports 
Method Bivariate Granger (F); LV AR with constant & linear trend. 
Unit root test 
CointegrationT 
test 
Lag selection Preset to 2 
Other variables 
Results No causality for total exports. Growth-led export for oil exports. 

Authors Rashid(l995) 
Data India-annual, 1960:89. Growth in real GDP and exports. 
Method 4-equation SEM 
Unit root test 
Cointegration-
test 
Lag selection 
Other variables Growth of real investment; industrial production; imports; 

agriculture. 
Results No positive significant export/economic growth. 

Authors Abhayaratne( 1996) 

Data Sri Lanka-annual, I 960:92. Logs; real GDP & exports. 
Method Trivariate Granger (Wald); DV AR with constant. 
Unit root test DF, ADF (preset to 2; with constant & trend. 
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Cointegration- JJML (SC; Case 0). Non cointegration. 
test 
Lag selection sc 
Other variables Real imports 

Results No causality. 

Authors Islam & Iftekharuzzaman( 1996) 
Data Bangladesh-annual, 1971:90. I'! Real GDP & exports. 
Method OLS simple regression between variables. 
Unit root test 
Cointegration-
test 
Lag selection 
Other variables Real investment; !'!population; Meal govt. expenditure. 
Results No positive significant export/economic growth effect. 

Authors Mallick( 1996) 
Data India-annual, 1951 :92. Logs; real GNP & exports. 
Method Bivariate Granger (F); ECM with constant. 
Unit root test ADF(general to specific; with constant & trend) 
Co integration- CRDW; EG-ADF (general to specific; with constant). 
test 
Lag selection 1,8 [2] 
Other variables 
Results Growth-led export 

Authors Liu et al. ( 1997) 
Data China-quarterly, 1983(3):95(1). Logs; real GNP, exports and 

( exports+ill!ports) 
Method Bivariate Granger, Sims, Hsiao (1979) & Geweke et al. 

(1983)(F); DV AR with constant. 
Unit root test ADF (AIC, SC; with constant and trend). 
Cointegration- EG- ADF (AIC, SC; with constant and trend). Noncointegration. 
test 
Lag selection AIC, SC 
Other variables 
Results Granger & Hsiao- ELG. BD for (exports+ imports). Sims-

Growth-led export. Bidirectional causality for (exports + 
imports). Geweke- No causality. 
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Authors On choke & In ( 1994) 
Data 3SPINS (Fiji, Papua New Guinea, Solomon Islands)- annual, 

periods within 1959:90. Logs; real GDP & exports. 
Method Bivariate Granger (n.s.); ECM for cointegrated; not proceeded 

with for noncointegrated, with constant. 
Unit root test PP, ADF (n.s.) 
Cointegration- PP, EG-ADF, CCR (2,3; with constant & trend & combinations 
test thereof). Mixed results. Proceeded by assuming cointegration for 

PNG & Solomon Island; noncointegration for Fiji. No further 
work undertaken for Fiji. 

Lag selection AIC, SC 
Other variables 
Results Export-led growth: PNG & Solomon Island 

Authors Sengupta & Espada (1994) 
Data Taiwan, SouthKorea, Japan, Thailand, Philippines-annual, 

periods within 1960:87. Meal GDP & Meal exp_orts 
Method OLS simple regressions between variables. 
Unit root test 
Co integration- CRDW; EG-ADF for South Korea only. Cointegrtation. 
test 
La_g_ selection 
Other variables t1Labor force; real investment & (real investment)2 
Results Significant positive export/economic growth effect except for 

Japan. 

Authors Ahmad & Harnhirun (1995) 
Data 5 ASEAN countries (Indonesia, Malaysia, Philippines, 

Singapore, Thailand)-annual, 1966:90. Real per capita GDP & 
e~ports. 

Method Bivariate Granger (LR)-only, examined for Singapore as 
cointegrated; ECM with constant. 

Unit root test ADF (n.s.; with constant & trend) 
Cointegration- JJML (preset to 2: Case 1.). Cointegration for Singapore only. 
test 
Lag selection Preset to 2. 
Other variables 
Results Bi-directional causality for Singapore. 
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Authors Amirkhalli & Dar (1995) 
Data 23 developing countries- annual, various periods within 1961 :90. 
Method OLS(real GDP growth on real export growth). 
Unit root test 
Cointegration-
test 
Lag selection 
Other variables Real investment to output share; population growth. 
Results Significant export-economic growth relationship for Bolivia, 

Colombia, Costa Rica, Guatemala, Honduras, Mexico, 
Philippines, Sri Lanka, Brazil, Chile, Malaysia, Tunisia, Uruguay, 
Korea, Singapore but not for Argentina, Ghana, India, Peru, 
Zambia, Pakistan, Thailand, Turkey. 

Authors Kwan & Kwok (1995) 
Data China-annual, 1952:85. Logs; real national income & exports. 
Method Bivariate Granger (LR); LV AR with constant. Exogeneity tests 

ofEH&HER 
Unit root test ZA(n.s.) 
Cointegration-
test 
Lag selection FPE 
Other variables Population; ratio of domestic investment to national income. 
Results Export-led growth. Results also suggest instantaneous causality 

from export to growth. 

Authors McCarville & Nnadozie(l995) 

Data Mexico-annual, 19926:88. Logs; real GDP& exports. 
Method Bivariate Granger (Wald & F); DVAR with no deterministic 

terms. 
Unit root test ADF(SC, AIC; no constant) 
Cointegration-
test 
Lag selection AIC 
Other variables 
Results Export-led growth. 

Authors Paul & Chowdhury(l995) 
Data Australia-annual, 1949:91. Logs; real GDP & exports. 
Method Bivariate Granger(F); DV AR with constant. 
Unit root test PP(1,3,5,7; combinations of constant & trend). 
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Co integration- PO(l,3,5,7,; with constant). Noncointegration. 
test 
Lag selection FPE 
Other variables 
Results Export-led growth. 

Authors Amoateng & Amoake-Adu ( 1996) 
Data 35 African countries, pooled into 3 groups-annual, 1971 :real 

GDP & exports. 
Method Trivariate Granger (Wald); DVAR with constant. 
Unit root test 
Cointegration-
test 
Lag selection Preset to 4. 
Other variables External debt servicing. 
Results Bi-directional causality . 

Authors Bo ltho( 1996) 
Data Japan-annual, 1913:37; 1952:73; 1973;90. Growth ofreal GGP & 

exports; some sectors. 
Method Bivariate Granger(F); LV AR in growth variables with 

mdeterministic terms not specified. 
Unit root test 
Cointegration-
test 
Lag selection Preset to 3 & 4. 
Other variables 
Results Some evidence of Growth-led export. 

Authors Ahmad et al. (1997) 

Data 5 ASEAN countries (Indonesia, Malaysia, Philippines, 
Singapore, Thailand)-annual1966:93. Logs; real per capita GOP 
& exports. 

Method Bivariate Granger(LR); DVAR with constant. 

Unit root test ADF(n.s.; with constant & trend) 

Cointegration- EG-ADF(n.s.; no constant). Nocointegration. 
test 
Lag selection FPE 
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Other variables 

Results Export-led growth: Thailand, Growth-led export: Malaysia, 
Indonesia, Singapore, Philippines. 

Authors Doyle(l998) 
Data Ireland-annual, 1953:93. Logs; real GDP & exports. 
Method Bivariate Granger(F); ECM wit constant and trend. 
Unit root test DF, ADF(preset to 2; with constant) 
Cointegration- JJML (AIC, EPF; Case 2). Cointegration. 
test 
Lag selection AIC,EPF 
Other variables 
Results Export-led growth. 

Authors Shan & Sun (1998b) 
Data China-monthly, seasonally adjusted, 1978( 5):96( 5). Logs; real 

industrial out put & exports. 
Method 6-variable Granger (Wald); OVER LV AR with constant. 
Unit root test ADF & PP (AIC & SC; with constant & trend and with constant 

only) 
Cointegration-
test 
Lag selection AIC & SC 
Other variables Energy consumption; labor force; real imports and capital 

expenditure. 
Results Bi-directional causality. 

Authors Karunaratne( 1997) 

Data Australia-quarterly, seasonally adjusted, 1971 (1 ):92( 4). Logs; per 
capita real GDP & exports. 

Method 6-variable Granger-IRFS and FEVDs, 12 & 24 quarter horizons. 
ECM with constant. 

Unit root test ADF & PP (AIC & SC; with constant) 

Cointegration- JJML (AIC; Case 1). Cointegration. 
test 
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Lag selection AIC 

Other variables OECD production index ; trade-weighted exchange rate; terms of 
trade index; technology innovation proxied by telephone 
penetration as measured by main lines per capita. 

Results Bidirectional causality. 

Authors Thornton( 1996) 
Data Mexico-annual, 1895: 1992. Logs; real GDP & exports. 
Method Bivariate Granger(F); E.CM with constant. 
Unit root test ADF(n.s.) 
Cointegration- JJML(various; Case 0). Cointegrated. 
test 
Lag selection FPE 
Other variables 
Results Export-led growth. 
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CHAPTER-3 

METHODOLOGICAL ISSUES 

3.1 Introduction: 

Macro-Economic variables, which are used in this study, are of time series by 
nature. These series are not deterministic variables. On the contrary, these are 
considered to be generated by some underlying stochastic processes. In any 
time series (Y1), each value of Y1, Y2 ....... ,Y1 is assumed to be drawn randomly 
from a probability distribution. To be completely general, the observed series 
Y1, Y2 ....... ,Y1 is assumed to be drawn from a set of jointly distributed random 
variables. If the underlying probability distribution function of the series could 
be specified, then one could determine the probability of one or another future 
values of the variable concerned. 

The complete specification of the probability distribution function for any time 
series is usually impossible. However, it is possible to construct a simplified 
model for the time series, which explains its randomness in a manner that is 
useful for econometric studies. This simple model may be a reasonable 
approximation of the actual and more complicated underlying stochastic 
process. The usefulness of such a model depends on how closely it captures the 
true probability distribution and the true random behavior of the series. 
Consequently, the validity and usefulness of macroeconomic studies with time 
series like export, economic growth etc. depends upon the nature of underlying 
stochastic process and upon approximation of the process. 

Specification of the underlying stochastic process is preceded by the 
identification of the nature of the stochastic process. More specifically, it is 
necessary to know whether the underlying stochastic process is invariant with 
time or whether it describes a random walk. If the process is non-stationary, it 
will be difficult to represent time series over past and future intervals of time by 
an algebraic model. By contrast, if the stochastic process is fixed in time i.e., if 
it is 'stationary', then one can model the process through an equation with fixed 
coefficients that can be estimated from the past data. It is analogous to the 
single equation regression model in which one variable is related to another 
variable with coefficients that are estimated under the assumption that the 
structural relationship described by the equation is 'invariant' over time. The 
probability of a given fluctuation in the process from the mean level is assumed 
to be the same at any point of time. In other words, the stochastic properties of 
the stationary process are assumed to be invariant with respect of time. For a 
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stationary process both the joint probability distribution and conditional 
probability distribution are invariant with respect of time. 

3.2 The Basic Problem: 

In a provocative study Charless R. Nelson and C.I. Plosser (1982) found 
evidence that macroeconomic variables like GNP, exchange rate, interest rate, 
employment, money supply, price level etc. behave like random walks. As 
these series follow 'Random walks', these are not 'trend reverting'. 
Consequently, these economic variables do not tend to revert back to a long run 
trend after a shock. 

These findings of Nelsion and plosser (1982) posed serious problems for 
econometric studies with macroeconomic variables. The studies, so far carried 
out with the macroeconomic variables, were based on the idea that these 
variables were 'deterministic non-stationary' series. Stationarities in these 
series were ensured through 'Filtering' like differencing of the series and 
identifying appropriate Autoregressive Moving Average (ARMA) processes. 
Findings of Nelson and Plosser ( 1982) hit the basic idea underlying these 
studies and the relevance of the studies was threatened consequently. ' 

3.3 The Nature Of The Problem: 

The reason why Nelson-Piosser findings would threaten the basic approach 
behind . the econometric studies with macroeconometric time series and why 
random walk process for the time series would limit the use of this series in 
econometric studies need serious consideration. 

First, variance of the random walk processes in the joint probability distribution 
are no longer constant. Instead, the variances expand out with time and the 
random walk errors are no longer 'Homoscedastic'. Consequently, the Gauss
Markov theorem would not hold, and Ordinary Least Squares (OLS) method 
would not yield consistent estimates of the parameters concerned. 

Second, random walk processes fail to possess finite variance. In such case, the 
regression analysis fails and econometric studies with these series become 
irrelevant. 

Third, detrending the variable before running the regression will not help 
because even the detrended series still remains non-stationary. Consequently, 
the random walk process becomes non-deterministic, non-stationary process. In 
such case detrending fails to ensure stationarity. 
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Fourth, if a variable follows a random walk, the effects of a temporary shock 
will not dissipate after several years but instead will be permanent. This occurs 
because the autocorrelation functions for such variables are 'uniform' by nature 
and it declines geometrically over time. The random walk process in such case 
has an infinite memory. The current value of the process depends on all past 
values and the magnitude of the effect remains unaltered with time. As a result, 
the effect of a temporary shock will not dissipate after several years but will 
remain permanent. This further indicates that, in case of the presence of non
stationarity in the series for the variable describing random walks, the series 
does not revert back to a long run trend after a shock. 

3.4 Stationarity: Relevance of Unit Root Tests: 

Unit Root Test is useful for examining the 'stationarity' of a time series. Given 
a time series data generating process (DGP), testing for random walk is a test of 
'stationarity'. It is also called the 'Unit Root Test'. 

Suppose we have a series {Y1 } with process such that 

3.1 

where 1¢1 <I and e1 ~ iid N(O,cr2
1). 

We can estimate the parameters in equation (3.1) by OLS. Our estimator is 

efficient and the series is stationary since l¢1 < 1. We could use at-statistic to 

test the hypothesis. 

Ho:¢=0 
against 
HI:¢ :f:-0 

This is a legitimate test since the null-hypothesis is a refutable hypothesis, even 
though the power against a local alternative is negligible. 

Now we suppose that the data set was really generated by 
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I 

Yt=Lj=O Et-j 
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which is non-stationary since V AR(Y1)~ oo as t gets large_ Now we would 
want to test 

Ha:¢=1 
against 
HA: ¢ < 1 

This is a problem, however, since the centre of mass of the usual estimator 
would be bounded away from 1. We would tend to error on the side of rejection 
too many Ha. 

Under these circumstances 'spurious' regression with a high R2 but near zero 
Durbin-Watson statistic is found to occur in time series analysis. So the usual 
tests fail to test 'Stationarity' or random walk process in the time series. It is 
done through a special test called 'unit Root Test'. 

3.5 Unit Root Test: The Methodology: 

Let us consider the data generating process 

3.1 

The associated question is whether ¢ = 1. Subtracting Y1_1 from both sides we 

get, 

11Yt= (¢-1)Yt-1 + Et 

=y Yt-1 + Et 

y =0 implies that ¢ = 1 which indicates the presence of a unit root in {Y1 } • 

A drift is allowed by including an intercept 

Allowing for linear trend with a drift gives us 
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In any event , the test hypothesis is 

Ho: y= 0 ( Y1has a unit root) 

against 

H1 : y=f:. 0 ( Y1 is stationary ) 

A~ 
The test statistic r I '\} Var(r) is a t-statistic. The critical values come from a 

set of Tables prepared by Dickey and Fuller. This test is known 'Dickey-Fuller 
Test'. 

The immense literature and diversity of unit root tests can at times be confusing 
and present a truly daunting prospect for a researcher. The unit root theory has 
been examined with an emphasis on testing principles. The summary of finding 
is given below: 

When time series data are used in econometric analysis, the preliminary tests 
provide information about stationary of the data. Non-stationary data contain 
unit roots. The main objective of unit root tests is to determine the degree of 
integration of each individual time series. Various methods for unit root tests 
have been applied in the study. Some ofthem are being explained below. 

3.6 Augmented Dickey Fuller Unit Root Test: 

In order to test for the existence of unit roots, and to determine the degree of 
differencing necessary to induce stationarity, the Augmented Dickey-Fuller test 
is used. Dickey and Fuller (1976, 1979), Said and Dickey(1984), Phillips 
(1987), Phillips and Perron ( 1988), and others developed modifications of the 
Dickey-Fuller Test (ADF) determine the the form in which the data should be 
applied in any econometric analysis. The test is based on the following 
equations: 

k 

!1y =r+ay + "e.!1y +e 
I 1-1 ~ J 1-j+l I 

j;2 

3.2 

k 

11y =r+b"t+ ay + "ej!1y . +e 
I 1-1 ~ 1-j+l I 

j;2 

3.3 



k 

11y=ay +"B.!1y +e 
I 1-1 L..J j 1-j+l I 

J~2 

where y1 = Modelled Variabes, ~Yt = First differenced series of y1 

~Yt-j+t =First differenced series ofy1 at (t-j+l)th lags. (j=2 ... k) 
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3.4 

The equation (3.2) is related to ADF tesl with constant as exogenous. Equation 
(3.3) is based on constant and linear trend as exogenous and ADF test with no 
exogenous is presented in equation (3 .4 ). 

3.7 The DF- GLS Unit Root Test: 

The DF-GLS test was developed by Elliott, Rothenberg and Stock (1996). The 
DF-GLS t-test is performed by testing the hypothesis ao =0 in the regression 

d d d d 

11y =aoY +11y + ....... +a 11y +ul 
I I 1-1 P 1-p 

3.5 

where lt is the locally de-trended series y1 . The local de-trending depends on 
whether we consider a model with drift only or a linear trend. 

(i) The model for DF-GLS unit root test without time trends i.e., a model with 
drift only is 

/1 /1 k /1 

Y = ay + "lf/il1y . +u1 I 1-1 L..J 1-1 
i~l 

3.6 

(ii) The model for DF-GLS unit root test with time trends i.e. a model with 
linear trend is 

3.7 

3.8 Phillips-Perron unit Root Test: 

Phillips (1987), Phillips and Perron (1988) have generalized the DF tests to 
situations where disturbance processes e1 are serially correlated, without 
augmenting the initial regression with lagged dependent variables. The PP is 



44 

intended to add a 'correction factor' to the DF test statistic and the test is 
designed for examining the presence of any 'structural shift' in the dataset. 

Let the AR(l) model be 

1'; =,u+rplf;-l+&t [t=1, ... ,T] 3.8 

If 81 ·is serially correlated, the ADF approach is to add lagged f'<.. Y1 to 'whiten' 
the residuals. To illustrate the alternative approach, the test statistic T(cp1 -1) has 
been considered which is distributed as p11 from the maintained regression with 
an intercept but no time trend. The PP modified version is 

Zpf.l = T(rp1 -1)- CF 3.9 

where the correction factor CF is 

T -

CF = 0.5(sr/ -s;)/[~)1';_1 -Y1-1)
2 IT 2

)] 3.10 
1=2 

and, 3.11 

I T 

si, = s; + 2LWs1 L&1&1_ 5 IT 3.12 
s=l l=s+l 

and 

- T 

y = L r; I(T -1) 3.13 
1=2 

3.9 Correlogram: 

One of the simple, intuitive and interesting methods of testing 'stationarity' is 
running a correlogram. Correlogram is nothing but a graphical representation of 
Autocorrelation Function (ACF) and Partial Autocorrelation Function (PACF). 
The nature of stationarity can also be found almost accurately in most of the 
cases with the help of Correlogram. 
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3.10 Cointegration: 

Macroeconomic variables are usually non-stationary and exhibit random walk 
processes. Regressing one random variable against the another can lead to 
spurious results since conventional significance tests will tend to indicate a 
relationship between the variables when in fact none exists. This is the reason 
why it is important to test for random walks. 

Random walk processes attain stationarity upon first 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 time series follow random 
walks, variables are subject to first differencing before using them in 
regression. 

However, differencing the data has a cost. The cost arises from the fact that the 
differncing 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 
and variance. 

It is of interest, therefore, to ask whether there are formal arguments in favour 
of or against differencing. One approach to this issue starts by noting that 
estimation and hypothesis testing, using the least square method, is justified 
only when the various variables being used are stationary. Differencing would 
be appealing, therefore, if the first differences of a set of variables were 
stationary, with the variables themselves being non-stationary. 

Engel Granger (1987) hold that there are situations where one can run a 
regression between two variables even though both variables are random walks. 
Sometimes two variables follow random walks but linear combinations of those 
variables will be stationary. In such case the variables are cointegrated. Co
integration provides a method to eliminate the cost of differencing by retaining 
terms in levels but only in linear combinations, which are stationary. 

3.11 Cointegration: Definition: 

Cointegration is the study concerning the existence of long run equilibrium 
relationship among variables. The study allows the researcher to describe the 
existence of an equilibrium or stationary relationship among two or more series, 
each of which is individually non-stationary. According to Engle and Granger 
(1987) the variables will be cointegrated when the linear combination of non
stationary variables is stationary. 
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Engle and Granger (1987) provide the following definition of cointegration. 

The components of the vectors x1= ( XJt, x2~> ... X 01) are said to be cointegrated of 
order d, b, denoted by x1 ---CI ( d,b) if 

(i) all the components ofx1 are integrated of order d 

(ii) there exists a vector~=(~~> ~2 , ..... ,~0) such that the linear combination 

flxt = fl1 XII + fl2x21 + ... : + flnxnt 
is integrated of order (d-b) where b>O. 
The vector~ is called the cointegrating Vector. 

More specifically, let {Yt} and {X1} be two I(l) series such that 

Now if u1 is I(O) i.e.,stationary at level, then Y1 and X1 are CI( 1,1 ). 

3.12 Four Cases for Cointegration: 

Here we face four cases for consideration; 

Case 1: Let {Y1 } and {X1} be stationary such that Y1 -1(0) and X1- 1(0). 
Consequently, d=O and there cannot be any b>o so that Y~> X1-CI (d,b). 

Under this situation, a long run relationship between Y1 and X1 does already 
exist and the classical regression model is appropriate. 

Case 2: Let {Y1 } and {X1} sequences are of different orders. Then regression 
equation using such variables are meaningless. 

Case 3: The non-stationary {Y1 } and {X1} sequences are integrated of the same 
order but the residual sequence contains a stochastic trend. This is the case in 
which the regression is spurious. 
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Case 4: The non-stationary {Y1 } and {X1} sequences are integrated of the same 
order and the residual sequence is stationary. In this case {Y1 } and {X1} are 
co integrated. 

3.13 Vector Error Correction Modeling: 

Vector Error Correction modeling provides important information on the short 
run relationship between any two cointegrated variables. Vector Error 
Correction test has provided empirical evidence on the short run causality 
among variables concerned. 

In the present study the Vector Error Correction Model consists of the 
equations involving GDP and Export. 

where, ~y1 = first difference ?f GDP; 

~x1 = first difference of export; 

Zt-I = first lag of error term of co-integrating equation; 

Eit and e21 are white noise errors; 

a 1 , a2 , a3 and a4 ; P1 , P2 , PJ and P4 are the coefficients of lagged variables in 
the above model. 

The focus of the Vector Error Correction analysis is on the lagged Zt terms. 
These lagged terms are the residuals from the previously estimated 
cointegrating equations. Lagged z1 terms provide an explanation of short run 
deviations from the long run equilibrium. Lagging these terms means that 
disturbance of the last period impacts upon the current time period. 

Statistical significance tests are conducted on each of the lagged Zt term in 
equations (3 .14) and (3 .15). In general, finding a statistically insignificant 
coefficient of the Zt term implies that the system under investigation is in short 
run equilibrium as there are no disturbances present. If the coefficient of the Zt 
term is found to be statistically significant, then the system is in the state of the 
short run disequilibrium. In such a case the sign of Zt term gives an indication of 
the causal direction between the two test variables in the short run. 
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3.14 Granger Causality: Introduction: 

The study of Co integration of variables indicates if the variables are related or 
not. The cointegration procedure stresses upon estimating distributed lag 
relationship along with the error correction structure. However, the 
autoregressive structure does not play any significant role in the study of 
cointegration between variables concerned. 

This particular feature of the co integration equations accounts for the inability 
of the equation in explaining if the variables concerned are 'exogenous' or 
'endogenous'. Engle, Hendry and Richard (1983) define a set of a variable X1 

in a parameterized model to be 'weakly exogenous' if the full model can be 
written in terms of a marginal probability distribution of X1 and a conditional 
distribution of Y1 IX., such that estimation of the parameters involve the joint 
distribution of Y1 and X1• With reference to time series applications, variable X1 

is said to be predetermined in the model if X1 is independent of all subsequent 
structural disturbances E1_5 . Variables that are predetermined in the model can be 
treated, at least asymptotically, as if they were exogenous in the sense that 
consistent estimates may be obtained when they appear as regressors. 

Cointegrating equations cannot establish if any of the variables is exogenous. 
Consequently, cointegrating equations cannot be used for forecasting purposes .. 
These equations, therefore, cannot explain if one of the variables could be used 
for the effective prediction for variations in another variable. This explains why 
cointegrating relation fails to establish 'Granger' causal relationship between 
variables concerned. Granger Approach, on the other hand, provides the 
effective method of determining the nature, direction and pattern of causal 
relations between variables under study. 

3.15 Methodology: 

Let us consider a jointly covariance stationary stochastic process y1 , x1 with E(x1 

) =E(y1)=0 and with a covariance generating function fx(z) , gy(z) and gxy(z). It 
is assumed that x possesses an autoregressive representation and both y and x 
are linearly in deterministic. 

Then the projection ofx1on past values ofx and past values ofy is given by 

co co 

Xt = LhJxt-J + LVr-JYt-J +ur 3.16 
j=\ }=\ 
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where the least square residuals u1 obey the orthogonality condition 

Solving (3 .16) for u1 permits the orthogonality condition to assume the form of 
normal equations 

<X) <X) 

E{(x1 - Lh1x1_1 - Lv1y 1_)x1_p} = 0, 3.17 
J=i }=I 

p = 1,2, ··········· 

<X) <X) 

E{(x1 - L h1x1_ 1 - L v1y1_)y1_p} = 0, 3.18 
j=i }=I 

p = 1,2, .......... . 

These equations can be written as 

<X) <X) 

C x (/J) = L h 1c x (/J - j) + L v 1c yx (/J - j) 3.19 
J=i j=I 

<X) <X) 

Cx(f3) = Lh1cxy(fJ- j)+ LV1cy(fJ- j) 3.20 
J=i }=I 

These equations hold only for positive integer 

p = 1,2, .......... . 

Multiplying both sides of (3 .19) and (3 .20) by zP and summing over all p, we 
get the following equations in terms of z transformation 

gxy(z) + m(z) = h(z)gx(z) + v(z)g yx (z) 3.21 

3.22 
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where m(z) and n(z) are unknown series in non-positive power of z only. That 
m(z) and n(z) series are non-positive powers of z is equivalent with equations 
(3 .19) and (3 .20) holding only for P> 1. Equations (3 .21) and (3 .22) are the 
normal equations for h(z) and v(z). 

Following Weiner, Granger (1969) has proposed that 'y causes x' whenever 
v(z)f:-0. That is, y is said to cause x if, given all past values of x, past values y 
help predict x. The conditions under which v(z) does or does not equal to zero 
turn out to be of substantial interest to econometrician and macro-economists. 

Let us consider the projection of y1 on the entire x process 

ct) 

y, = LbJxt-J + s, 
J=l 

where E( e1x1_j) = 0 for all j 

Let x1 have the 'World Moving Average' presentation such that 

X,= d(L)77, 

7]1 = x, - P[x, I xt-J,x,_2 •...... ..J 

3.23 

3.24 

It is assumed that x possesses an autoregressive representation so that [d(z-1
)] is 

one sided square summable in non-negative power of z. It is always possible to 
uniquely factor the cross covariance generating function as 

3.25 

where a(z) and cp(z) are one sided in non-negative power ofz. 

Substituting (3.24) and (3.25) into the usual relation 

3.26 
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we have 

3.27 

Evidently, b(z) is one sided in non-negative powers of z if and only if 

tp(z-1
) = kd(z-1

) = kd(z-1 
), where k is a constant. Under this condition 

(3 .26) becomes 

b(z) = ka(z)l a~d(z) 3.28 

Here u(z) has an inverse that is one sided in non-negative power of z. 

Now if b(z) is one sided in non-negative power of z, the equation (3.21) and 
(3.22) are both satisfied with v{z)=O and · 

b(z) = z[d(z)l z] + Cl(z-1
) 3.29 

Consequently, equation (3.22) becomes 

¢(z)a(z-'1) + n(z) = z[d(z) I z] + -
1-a(z-1 ~(z) 

d(z) . 
3.30 

Dividing both sides of equation (3.30) by zu(z-1
) gives 

¢(z) I z + n(z)l za(z-1
) = [d(z)l z] + tp(z) I d(z) 3.31 

where n(z)/za(z-1
) involves only negative powers of z. Since the right hand side 

involves only non-negative power of z, (3 .31) implies 

d(z)[tp(z)l z] = [d(z)l z]tp(z) 3.32 

This equation (3.32) can be satisfied if tp(z) = kd(z) where k is a constant. 

Now let (xt.y1) be a jointly 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 
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3.33 

where a1 and u1 are serially uncorrelated processes with means zero and E( a1 

u5)=0 for all t and where the one-step-ahead errors 

[x, - p(px, I X 1_p ....... ,y1_p····)]and[y, I Yt-P'""'Yt-P""")] are each linear 
combination of a1 and u1• 

Under these situations Sims (1972) explains the concept of causality through 
the following theorem 
"Y; can be expressed as a distributed lag of current and past x 's (with no 

further x 's) with a disturbances process that is orthogonal to past, present and 
future x 's if and only y does not Granger cause x ". 

Consequently, the test involves estimating the following regressions: 

n n 

Y, = La;x,_J + Lf3JYt-J +ul, . 3.34 
i==l j=l 

n n 

x, = L:a;y,_J + LoJx,_J + u2, 3.35 
i=l J=l 

where it is assumed that the disturbances UJt and u21 are uncorrelated. 

Equation (3 .34) postulates that current y1 is related to past values of y1 itself as 
well as ofx1 and (3.35) postulates a similar behavior for Xt. Four cases then can 
be distinguished. 

(i) Unidirectional Causality From x toy: 

It is indicated if the estimated coefficients on the lagged x in (3.34) are 
statistically different from zero as a group (i.e, :La; iO) and the set of estimated 
coefficients on the lagged y in (3.35) is not statistically different from zero 
(i.e,Io1=0). 
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(ii) Unidirectional causality from y to x : 

It exists if the set of lagged x coefficients in (3.34) is not statistically different 
from zero (i.e, =0) and the set of the lagged y coefficient in (3. 35) is statistically 
different from zero (i.e, IAI=O). 

(iii) Feedback or Bilateral Causal: 

It is suggested when the sets ofx andy coefficient are statistically significant in 
both the regressions. 

(iv) Independence: 

It is suggested when the sets of x and y coefficients are not statistically 
significant in both the regressions. 

3.16 Conventional Granger Causality Test: 

The model for Conventional Granger Causality test is based on the following 
equations: 

m m 

Y; = :La1X,_1 + :Lb1Y;_1 + s, 3.36 
J=l J=l 

m m 

X,= :La1Y;_1 + Lh1X,_1 +1], 3.37 
J=l J=l 

where Y1 and X1 represent first difference of GDP and Export series 
respectively. 

3.17 'Window Finding' of Structural Changes: Methodology: 

The choice of sub-periods objectively involves the identification of structural 
changes through 'Window Finding'. The basic procedure is described below. 

Sometimes researcher seeks to investigate the stability of the coefficient 
estimates as the sample size increases. Sometimes researcher also wants to find 
out whether the estimate will be different in enlarged samples and whether 
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these will remain stable over time. Working with a sample, a researcher may 
produce a regression which is too closely tailored to his sample by 
experimenting with too many formulations of his model. In this case, he is not 
contained whether the estimated function will perform equally well outside the 
sample of data which has been used for the estimation of coefficients. 
Furthermore, there may have occurred events which change the structure of the 
relationship like changes in taxation law, introduction of birth control measures 
and so on. If such structural changes occur, the co-efficient may not be stable. 
These may again be sensitive to the changes in the sample compositions. 

Testing for structural stability calls for the use of additional observations 
besides the sample that are used to estimate a given model. Procedures for 
testing structural stability are given by Rao ( 1960) and Chow ( 1952). 

The econometric method which involves "Window Finding" uses Chow test to 
identify- the sub-periods. Here equality between two regressions co-efficient 
concerning the relationship over two different periods is tested. This is done by 
F-test. Let us consider two samples with n1 and n2 observations respectively and 
the general model for data set is -

Y =XP+u 3.38 

Let us rewrite the model for these two individual samples such as 

3.39 

3.40 

where Y1 - n1 x 1 

·• 
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YI- 1 X 1 

Yz- 1 x 1 

<h- mx 1 

By combining (3.39) and (3.40) we have 

3.41 

And the null hypothesis of interest is 

Ho: YI = Yz (=P say) 

Under the null hypothesis, the model is 

( Y
1 J(Z1 W1 

0 J(:. J + (U1 J 
Yz Zz0Wz Uz 

Oz 

3.42 

The L.S estimate ofthe efficient vector in (3.42) is 
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3.43 

Ifwe fit (3.39) and (3.40) individually, their LS estimates ofthe coefficients 
will be 

( i,) ~ [(z, w, Y (z, w, )[' (z, w, )' Y1 3.44 

( i,) ~ [(z, w, Y (z, w, )[' (z, w, )' y, 3.45 

where c1 is the estimate of 'YL The sum of squares necessary for computing test 
statistics can then be obtained by using the results in (3.43), (3.44) and (3.45). 
The sum of squares measures the distance of individual observations from the 
common regression plane is 

3.46 

Here Q1 /82 has x2 distribution with (n-2m-l) degrees of freedom where we 
assume that u1 and u2 have a common variance 82. Now Q1 can be decomposed 
into two sum squares Q2 and Q3. Q2 will measures the distance of the individual 
estimated regression planes, and Q3 measures the distance of the individual 
estimated plane from the common regression plane. Thus, 
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3.47 

and Q3 = Q1 - Q2. Here Qz/82 has a x2 distribution with (n-2m-l) degrees of 
freedom. 

Again, 

Q, +,w,{ i,) -(z,w,{~JJ[(z,w,{ i} (z,w,{~J] 
+[<z,wt;J -(z,w, eJJ[(z,w,{ ~:) -(z,w,{~J] 
It may be noted that c1 is the estimate of y1 obtained from the first regression 
and that d2 is the estimate of 82, obtained from pooled regression plane. So the 
ratio is 

3.48 

So, we have an F-distribution with (1, n-2m-21) digress of freedom. Here Q3 is 
the restricted sum of squares and that Q2 is the unrestricted sum of squares. 

If, however, the new observations n2 are fewer than the number of parameters in 
the function we may proceed as follows. First, from the augmented sample we 
obtain the regression equation. 

A A A 

Y = f3 0 + /31 + ............ + f3 k X k 3.49 

From which we calculate the residual sum of squares 

3.50 

with (n1 +n2-k) degrees of freedom. 



58 

Second, from the original sample of n1 we have 

" " " 
y = f3o+ /31+ f3k xk 3.51 

from which the unexplained sum of squares is 

3.52 

with n1-k degrees of freedom. 

Third, subtracting the two sums of residuals we find 

3.53 

with (n1 +n2 -k)=n2 degrees of freedom, where n2 are the additional 
observations. Further, we form F* ratio where 

3.54 

The null hypotheses are 

Ho: bi = ~i (i = 0,1,2 ........... k) 

Ho: bi i: ~i 

The F* ratio is compared with the theoretical value of obtained from the F-table 
with vi= n2 and v2 = (n-k) degrees of freedom. 

IfF* ratio exceeds the table value of F, we reject the null hypothesis i.e, we 
accept that the structural coefficient are unstable. This indicates that their 
values are values are changing in extended sample period. 

3.18 Vector Autoregressive (V AR) Model: 

Economic theories sometimes suggest a relationship between two variables, y1 

and Zt . In that case modeling each series involves an autoregression of y1 on 
lagged values of y1 and an autoregression of Zt on lagged values of Zt . However 
such a separate approach would not capture any interaction between the 
variables concerned. 
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However, such interactions between the variable are captured through a Vector 
Autoregression (V AR) model where the time path of {y1 } is affected by the 
current and past realizations of {Zt} sequence and the time path of {Zt} sequence 
is allowed to be affected by current and past realizations of {y1 } sequence . In a 
VAR y1 is related not just to its own lagged values but also those of z and 
similarity, z1 is related to its own lagged values and those of y1 , such that 

3.55 

3.56 

The VAR model, consisting of the equations (3.55) and (3.56) can be written as 

where, b=(b1 b2) is the vector of constants usually known as drift 

&1 = (&11 &21 ) are innovations relative to information 

set Xt-1 = (Zt-1 Zt-1) 

The equation (3.57) define a VAR (1,2) Model where order (p)=l and k 
(number ofvariables)=2. 

3.57 

This form of the VAR is in its 'Reduced Form' in the sense that no current 
dated values of the y1 and Zt appear in any of the equations. The 'Reduced 
Form' V AR could serve as the solution in a dynamic simultaneous equation 
model. For example, let us consider a V AR system with contemporaneous 
relationship between two variables such that 

3.58 

3.59 

where it is assumed that 



(i) both y1 and Zt are stationary, and 

(ii) eyt and ezt are white noise disturbances 

such that 

Eyt~ iidN(O,cr2y) 

ezt ~ iidN(O,cr\) 

60 

Now the VAR system consisting of equations (3.58) and (3.59) can be written 
as 

or, Bxl = lo +['I xl-1 + &I 3.60 

where 
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Pre-multiplying equation (3.60) by B-1 we have 

3.61 

where A0 = B-1 ro 

Now 'equivalent form' of(2.47) is 

3.62 

3.63 

Thus the 'Structural VAR' constituted by equations (3.58) and (3.59) is 
converted to the 'Standard Form' constituted by equation (3.62) and (3.63) 

Here 

611 =(syt -b126zt)/(l-b12b21) 

Thus e11 and e21 are the composites of the two shocks Eyt and Ez1 . 

3.19 Stability ofthe V AR Model: 

The first order V AR model of (3 .61) defines a first order difference equation 
which can be iterated backward to obtain 
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where I = 2 *2 identity matrix 

After n iterations, we have 
n 

XI = (1 +A] + ... + AnAo +I AIel-] + Ar-1 xl-n-1 

i=O 

3.64 

It is observed that the convergence requires that the expression A1n vanish as 

n~ a . Consequently, the stability of the V AR model requires that the roots of 
(1-a11L) (l-a22L)-(a12a21 e) i.e. outside the unit circle. The stability conditions 
holds iff 

(i) the {y1} and {Zt} sequences are jointly covariance stationary 

(ii) each sequence has a finite and time-invariant mean and a finite time
invariant variance. 

3.20 Impulse Response Functions: 

If the stability condition is met, the particular solution for x1 (3.64) can be 
written as 

n 

x1 = Jl + 'LA1
1
et-J 

i=O 

where p ~ (Y.; )' 
3.65 

Equation (3.65) is Vector Moving Average (VMA) representation of (3.61) in 
that the variables, y1 and Zt are represent in terms of the current and past values 
of two types of shocks (ie., elt and e21). Again equation (3.65) can further be 
simplified as 
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a 

x, = Jl + L¢;s,_; 3.66 
1=0 

where 

Consequently, we have for (3.66) 

[
y ] [y] <1J [¢11(i) ¢12(i) ][8' ·] 
z~~ = ~ + ~ ¢2I(i) ¢22(;) s::~; 

The four sets of coefficients ¢u(;)•¢l2(i)'¢21(;)and¢22(;) are called the 'Impulse 

Response Functions'. Plotting coefficients of Djk(i) against I is a practical way to 
visually represent the behavior of the {y1} and {Zt} series in response to various 
shocks. 

3.21 Variance Decomposition: 

Given the equation (3 .66), we have for n1
h period 

n 

x,_n = Jl + LSt-n-i 3.67 
1=0 

E(xt+n) = J.l represents the unconditions n period ahead forecast error such that 

n-1 

x,_n- E(x,_n) = Lst-n-I 
i=O 

3.68 

Using (3 .68) we can find one-period ahead," two period ahead and thus n period 
ahead forecast errors. Each of the forecast errors would have variances. It is 
possible to decompose the n-step ahead forecast error variance owing to each 
shocks in {y1} and { Zt} sequences. 

Thus the 'Forecast Error Variance Decomposition' indicates the proportion of 
variation in a sequence owing to its 'own shock' versus shocks to other 
variables. 
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CHAPTER-4 

STUDY OF STATIONARITY & CO-INTEGRATION FOR EXPORT 
AND ECONOMIC GROWTH 

4.1 Introduction: 

Empirical analysis of income-export growth relationship has received greater 
importance in recent years. It arises from the fact that maintaining economic 
growth and stability in the face of export promotion is considered to be the 
main task of the economic authority of any country. The economic authority 
can effectively contribute to the maintenance of economic stability and groWth 
provided it understands the empirical relationship between export and 
economic groWth. 

The empirical issue of the relationship between export and economic growth is 
important for Sri Lanka because Sri Lanka began to shift away from a socialist 
orientation in 1977. Since then, the government has been deregulating, 
privatizing, and opening the economy to international competition. She has 
become a member of SAARC and stressed upon establishing strong trade 
relations with other members of the SAARC. This indicates the possibility of 
structural shift in income-export relationship. The estimation of such 
relationship in Sri Lanka may present an account of dynamic relations between 
these two variables. We, therefore, seek to estimate the relation. 

4.2 The Data: 

The relationship between Export growth and Income growth in the economy of 
Sri Lanka is being studied for the period 1970-2005. The study involves the use 
of annual dataset for GDP and Export in Sri Lanka. The data cover the period 
ranging from 1970-2005. Wholesale Price Index (WPI) of 2000 AD is used 
with 2000 as the base period (2000=100). The data have been taken from 
various issues of the IFS (International Financial Statistics). For estimating 
models\ we have converted the dataset into (natural) Logarithmic form where 
first difference of Log Export and first difference of Log GOP series are 
represented by X1 and Y1 respectively. 

1 Following Enders, W. (I 995). 'Applied Econometric Time Series', 120-121. 
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4.3 Graphical Presentation of Series: 

Time plots of income growth (Y1 ) and export growth (X1) series are being 
presented through the Figure-4.1 

Figure-4.1 
Time Plots of Income Growth cYt) and Ex ort Growth (Xt) 
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The Figure-4.1 shows that 

(i) both series are free from any stochastic trend 

(ii) both the series are marked by the absence of any deterministic trend 

(iii) both the series do not exhibit any structural shift. 

These features of the series are the pointers to their stationarity. However, for 
the confirmation of 'stationarity' Y1 and X1, the series are being subject to 'Unit 
Root Tests'. 
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4.4 Augmented Dickey-Fuller Tests for Unit Roots in Different Series: 

Results of the Augmented Dickey-Fuller Tests for the presence of Unit roots in 
the series for economic growth and export growth are being presented through 
the Tables-4.1 -4.4 and the summary of the results is being presented through 
the Table~4.5. 

Table-4.1 
Results of Augmented Dickey-Fuller Tests for Unit Root in Income Growth 

(Y1) at Level 
Null Hypothesis: D(LOGGDP) has a unit root 
Exogenous: Constant 
Lag Length: 0 (Automatic based on SIC, MAXLAG=9) 

t -Statistic Prob.* 
Augmented Dickey-Fuller test statistic -5.468550 0.0001 
Test critical values: I% level -3.639407 

5% level -2.95ll25 
10% level -2.614300 

*MacKinnon (1996) one-sided p-values. 
Augmented Dickey-Fuller Test Equation 
Dependent Variable: D(LOGGDP,2) 
Method: Least Squares 
Sample(adjusted): 1972 2005 
Included observations: 34 after adjusting endpoints 

Variable Coefficient Std. Error !-Statistic Pro b. 
D(LOGGDP(-1)) -0.952260 0.174134 -5.468550 0.0000 

c 0.061881 0.015399 4.018444 0.0003 
R-squared 0.483079 Mean dependent var 0.001839 
Adjusted R-squared 0.466925 S.D. dependent var 0.086232 
S.E. ofregression 0.062959 Akaike info criterion -2.635630 
Sum squared resid 0.126844 Schwarz criterion -2.545844 
Log likelihood 46.80571 F-statistic 29.90503 
Durbin-Watson stat 2.021830 Prob(F -statistic) 0.000005 

Table-4.2 
Results of Augmented Dickey-Fuller Tests for Unit Root in Income Growth 

(Y1) at Level 
!Null Hypothesis: D(LOGGDP) has a unit root 
Exogenous: Constant, Linear Trend 
Lag Length: 0 (Automatic based on SIC, MAXLAG=9) 

!-Statistic Prob.* 
Augmented Dickey-Fuller test statistic -5.497482 0.0004 
Test critical values: 1% level -4.252879 

5% level -3.548490 
10% level -3.207094 
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*MacKinnon (1996) one-sided p-values. 
Augmented Dickey-Fuller Test Equation 
Dependent Variable: D(LOGGDP,2) 
Method: Least Squares 
Sample(adjusted): 1972 2005 
Included observations: 34 after adjusting endpoints 

Variable Coefficient Std. Error t-Statistic Pro b. 
D(LOGGDP( -1)) -0.967077 0.175913 -5.497482 0.0000 

c 0.079833 0.026651 2.995444 0.0054 
~TREND(I970) -0.000920 0.001112 -0.827353 0.4144 

R-squared 0.494247 Mean dependent var 0.001839 
Adjusted R-squared 0.461618 S.D. dependent var 0.086232 
S.E. of regression 0.063272 Akaike info criterion -2.598647 
Sum squared resid 0.124104 Schwarz criterion -2.463969 
Log likelihood 47.17701 F -statistic 15.14736 
Durbin-Watson stat 2.035695 Prob(F-statistic) 0.000026 

Table-4.3 
Results of Augmented Dickey-Fuller Tests for Unit Root in Export Growth 

(X1) at Level 
!Null Hypothesis: D(LOGEXPORT) has a unit root 
l§_xogenous: Constant 
Lag Length: 0 (Automatic based on SIC, MAXLAG=9) 

t-Statistic Prob.* 
Augmented Dickey-Fuller test statistic -5.549598 0.0001 
Test critical values: 1% level -3.639407 

5% level -2.951125 
10% level -2.614300 

*MacKinnon (1996) one-sided p-values. 
Augmented Dickey-Fuller Test Equation 
Dependent Variable: D(LOGEXPORT,2) 
Method: Least Squares 
Sample(adjusted): 1972 2005 
Included observations: 34 after adjusting endpoints 

Variable Coefficient Std. Error t-Statistic Pro b. 
D(LOGEXPORT( -1 )) -0.947762 0.170780 -5.549598 0.0000 

c 0.065086 0.013489 4.825073 0.0000 
IR-squared 0.490430 Mean dependent var 0.000995 
Adjusted R-squared 0.474506 S.D. dependent var . 0.056066 
S.E. of regression 0.040643 Akaike info criterion -3.510981 
Sum squared resid 0.052858 Schwarz criterion -3.421195 
Log likelihood 61.68668 F-statistic 30.79804 
Durbin-Watson stat 2.047393 Prob(F-statistic) 0.000004 
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Table-4.4 
Results of Augmented Dickey-Fuller Tests for Unit Root in Export Growth 

(Xt) at Level 
Null Hypothesis: D(LOGEXPORT) has a unit root 
Exogenous: Constant, Linear Trend 
Lag Length: 0 (Automatic based on SIC, MAXLAG=9) 

t-Statistic Prob.* 
Augmented Dickey-Fuller test statistic -5.700709 0.0002 
Test critical values: !%level -4.252879 

5% level -3.548490 
10% level -3.207094 

*MacKinnon (1996) one-sided p-values. 
Augmented Dickey-Fuller Test Equation 
Dependent Variable: D(LOGEXPORT,2) 
Method: Least Squares 
Sample( adjusted): 1972 2005 
Included observations: 34 after adjusting endpoints 

Variable Coefficient Std. Error t -Statistic Pro b. 
D(LOGEXPORT( -1 )) -0.967277 0.169677 -5.700709 0.0000 

c 0.083309 0.019401 4.294148 0.0002 
@TREND( 1970) -0.000914 0.000706 -1.294456 0.2051 

R-squared 0.516561 Mean dependent var 0.000995 
Adjusted R-squared 0.485371 S.D. dependent var 0.056066 
S.E. of regression 0.040220 Akaike info criterion -3.504799 
Sum squared resid 0.050148 Schwarz criterion -3.370121 
Log likelihood 62.58159 F -statistic 16.56195 
Durbin-Watson stat 2.122882 Pro b(F -statistic) 0.000013 

Table-4.5 
Summary of Results (obtained in Tables 4.1-4.4) 

Mackinnon Critical Value 
Variable Exogenous ADFTest Prob.* Lag 1% 5% 10% 

Statistic value length 
Income Constant -5.468550 0.0001 0 -3.639407 -2.951125 -2.614300 
Growth at 
level 
Income Constant, -5.497482 0.0004 0 -4.252879 -3.548490 -3.207094 
Growth at Linear 
level Trend 
Export Constant -5.549598 0.0001 0 -3.639407 -2.951125 -2.614300 
Growth at 
level 
Export Constant, -5.700709 0.0002 0 -4.252879 -3.548490 -3.207094 
Growth at Linear 
level Trend 
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It is observed from the Table-4.5 that 

(i) all the variables at level are free from unitroots. Consequently, the series are 
stationary at levels 

(ii) the variables do not have any deterministic trend 

(iii) income growth (Y1) and export (X1) series are 1(0). 

4.5 Phillips-Perron Unit Root Tests: 

Tables 4.6-4.9 present the results of Phillips-Perrron Unit Root Tests on 
variables concerned and the summary of the result is being presented through 
the Table-4.1 0. 

Table-4.6 
Results of Phillips-Perron Tests for Unit Root in Income Growth (Yt) at 

Level 
~ull Hypothesis: D(LOGGDP) has a unit root 
Exogenous: Constant 
!Bandwidth: 2 (Newey-West using Bartlett kernel) 

Adj. t-Stat Prob.* 
IPhillips-Perron test statistic -5.469894 0.0001 
Test critical values: 1% level -3.639407 

5% level -2.951125 
10% level -2.614300 

*MacKinnon (1996) one-sided p-values. 
Residual variance (no correction) 0.003731 
HAC corrected variance (Bartlett kernel) 0.003766 
Phillips-Perron Test Equation 
Dependent Variable: D(LOGGDP,2) 
Method: Least Squares 
Sample(adjusted): 1972 2005 
Included observations: 34 after adjusting endpoints 

Variable Coefficient Std. Error t-Statistic Pro b. 
D(LOGGDP(-1 )) -0.952260 0.174134 -5.468550 0.0000 

c 0.061881 0.015399 4.018444 0.0003 
R-squared 0.483079 Mean dependent var 0.001839 
Adjusted R-squared 0.466925 S.D. dependent var 0.086232 
S.E. of regression 0.062959 Akaike info criterion -2.635630 
Sum squared resid 0.126844 Schwarz criterion -2.545844 
Log likelihood 46.80571 F-statistic 29.90503 
Durbin-Watson stat 2.021830 Prob(F -statistic) 0.000005 
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Table-4.7 
Results ofPhillips-Perron Tests for Unit Root in Income Growth (Yt) at 

Level 
!Null Hypothesis: D(LOGGDP) has a unit root 
!Exogenous: Constant, Linear Trend 
!Bandwidth: 2 (Newey-West using Bartlett kernel) 

Adj. t-Stat Prob.* 
Phillips-Perron test statistic -5.495326 0.0004 
Test critical values: 1% level -4.252879 

5% level -3.548490 
10% level -3.207094 

*MacKinnon (1996) one-sided p-values. 
Residual variance (no correction) 0.003650 
HAC corrected variance (Bartlett kernel) 0.003564 
Phillips-Perron Test Equation 
Dependent Variable: D(LOGGDP,2) 
Method: Least Squares 
Sample( adjusted): 1972 2005 
Included observations: 34 after adjusting endpoints 

Variable Coefficient Std. Error t~Statistic Pro b. 
D(LOGGDP(-1)) -0.967077 0.175913 -5.497482 0.0000 

c 0.079833 0.026651 2.995444 0.0054 
@TREND(l970) -0.000920 0.001112 -0.827353 0.4144 

R-squared 0.494247 Mean dependent var 0.001839 
Adjusted R-squared 0.461618 S.D. dependent var 0.086232 
S.E. ofregression 0.063272 Akaike info criterion -2.598647 
Sum squared resid 0.124104 Schwarz criterion -2.463969 
Log likelihood 47.17701 F -statistic 15.14736 
Durbin-Watson stat 2.035695 Prob(F -statistic) 0.000026 

Table-4.8 
Results of Phillips-Perron Tests for Unit Root in Export Growth (Xt) at 

Level 

Null Hypothesis: D(LOGEXPORT) has a unit root 
Exogenous: Constant 
Bandwidth: 3 (Newey-West using Bartlett kernel) 

Adj. t-Stat Prob.* 
Phillips-Perron test statistic -5.550113 0.0001 
Test critical values: 1% level -3.639407 

5% level -2.951125 
10% level -2.614300 
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*MacKinnon ( 1996) one-sided p-values. 
Residual variance (no correction) 0.001555 
HAC corrected variance (Bartlett kernel) 0.001448 
Phillips-Perron Test Equation 
Dependent Variable: D(LOGEXPORT,2) 
Method: Least Squares 
Sample(adjusted): 1972 2005 
Included observations: 34 after adjusting endpoints 

Variable Coefficient Std. Error t-Statistic Pro b. 
D(LOGEXPORT(-1)) -0.947762 0.170780 -5.549598 0.0000 

c 0.065086 0.013489 4.825073 0.0000 
R-squared 0.490430 Mean dependent var 0.000995 
Adjusted R-squared 0.474506 S.D. dependent var 0.056066 
S.E. of regression 0.040643 Akaike info criterion -3.510981 
Sum squared resid 0.052858 Schwarz criterion -3.421195 
Log likelihood 61.68668 F-statistic 30.79804 
Durbin-Watson stat 2.047393 Prob(F-statistic) 0.000004 

Table-4.9 
Results of Phillips-Perron Tests for Unit Root in Export Growth (Xt) at 

Level 

!Null Hypothesis: D(LOGEXPORT) has a unit root 
Exogenous: Constant, Linear Trend 
Bandwidth: 3 (Newey-West using Bartlett kernel) 

Adj. t-Stat Prob.* 
Phillips-Perron test statistic -5.773231 0.0002 
Test critical values: 1% level -4.252879 

5% level -3.548490 
10% level -3.207094 

*MacKinnon (1996) one-sided p-values. 
Residual variance (no correction) 0.001475 
HAC corrected variance (Bartlett kernel) 0.001139 
Phillips-Perron Test Equation 
Dependent Variable: D(LOGEXPORT,2) 
Method: Least Squares 
Sample( adjusted): 1972 2005 
Included observations: 34 after adjusting endpoints 

Variable Coefficient Std. Error t-Statistic Pro b. 
D(LOGEXPORT(-1)) -0.967277 0.169677 -5.700709 0.0000 



c 0.083309 0.0194011 4.294148 0.0002 
@TREND(1970) -0.000914 0.0007061 -1.294456 0.2051 

R-squared 0.516561 Mean dependent var 0.000995 
Adjusted R-squared 0.485371 S.D. dependent var 0.056066 
S.E. of regression 0.040220 Akaike info criterion -3.504799 
Sum squared resid 0.050148 Schwarz criterion -3.370121 
Log likelihood 62.58159 F -statistic 16.56195 
Durbin-Watson stat 2.122882 Prob(F-statistic) 0.000013 

Table-4.10 
Summary ofResults (obtained in Tables 4.6-4.9) 

Mackinnon Critical Value 

Variable Exogenous P-P Test Prob.* Bandw 1% 5% 

Income 
Growth 
at level 

Income 
Growth 
at level 
Export 
Growth 
at level 
Export 
Growth 
at level 

statistic value ith 

Constant -5.469894 0.0001 2 -3.639407 -2.951125 

Constant, -5.495326 0.0004 2 -4.252879 -3.548490 
Linear 
Trend 

Constant -5.550113 0.0001 3 -3.639407 -2.951125 

Constant, -5.773231 0.0002 3 -4.252879 -3.548490 
Linear 
Trend 

The Table-4.1 0 also shows that the null-hypothesis of 'unit root', because of 
structural shift under PP Test 

(i) has been rejected in case of income growth at 1% level 

(ii) has also been rejected in case of export growth series at I% level. 
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10% 

-2.614300 

-3.207094 

-2.614300 

-3.207094 
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4.6 Correlogram Analysis for Stationarity: 

The stationarity of the variables has been examined through the study of their 
correlograms. Figures 4.2-4.3 present the correlograms of the variables 
concerned. 

Figure -4.2 
c orre o~ram Al"fil G nalySIS or nco me rowt h(Y) tL t a eve 

S~mple: 1970 2005 
Included observations: 35 

Autocorrelation Partial Correlation AC PAC Q-Stat Prob 

I I I p I 1 0.048 0.048 0.0866 0.769 
I I I I 2 0.041 0.039 0.1525 0.927 
I D I I p I 3 0.099 0.096 0.5515 0.907 
c= I c=:: I 4 -0.398 -0.413 7.1593 0.128 
I I I I 5 -0.032 0.013 7.2041 0.206 
I [ I I [ I 6 -0.077 -0.062 7.4698 0.280 
I 

~ 
I I I 7 -0.107 -0.011 7.9990 0.333 

I I r== I 8 -0.128 -0.338 8.7850 0.361 
I I I :J I 9 0.052 0.136 8.9195 0.445 
I p I I I 10 0.067 0.019 9.1504 0.518 
I I I I 11 0.026 0.023 9.1856 0.605 
I p I I L I 12 0.128 -0.140 10.101 0.607 
I I I J I 13 0.005 0.105 10.103 0.686 
I I I I 14 0.026 0.029 10.145 0.751 
I I I I 15 -0.002 -0.025 10.145 0.810 
I I I [ I 16 -0.019 -0.065 10.171 0.858 

Figure 4.3 
c orre ogram Al"fiE G na ys1s or xport rowt h (X) L t at eve 

Sample: 1970 2005 
Included observations: 35 

Autocorrelation Partial Correlation AC PAC Q-Stat Prob 

I P I I P I 1 0.052 0.052 0.1043 0.747 
I [ I I [ I 2 -0.125 -0.128 0.7212 0.697 
I I=JI I PI 3 0.217 0.235 2.6223 0.454 
I I I I I 4 -0.015 -0.070 2.6320 0.621 
IC: I IJ: I 5 -0.227 -0.172 4.8605 0.433 
I I I I I. 6 -0.034 -0.066 4.9132 0.555 
I I I I 7 -0.021 -0.050 4.9329 0.668 
IC:: I IC: I 8 -0.290 -0.236 8.9690 0.345 
IC; I IJ:: I 9 -0.170 -0.160 10.410 0.318 
I p I I I 10 0.104 0.038 10.972 0.360 
I [ I I [ I 11 -0.093 -0.078 11.441 0.407 
IC I IC I 12 -0.207 -0.199 13.845 0.311 
I FJ I I I 13 0.123 -0.022 14.739 0.324 
I PI I PI 14 0.201 0.123 17.224 0.244 
I I I ll I 15 0.015 0.061 17.239 0.305 
I PI I PJI 16 0.298 0.250 23.272 0.107 



4.7 Findings from the Correlograms: 

It is observed from the Figures 4.2-4.3 that 

(i) the corresponding ACFs are free from any dying out pattern of spikes 

(ii) the corresponding PACFs are marked by the absence of any singularly 
significant spike at Jag one. 
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Consequently, these correlograms testify for the stationarity of the series Y1 

(income growth) and X1 (export growth). 

4.8 Summary of Findings on Stationarity: 

It is therefore observed that 

(i) Y1 (income growth) and X1 ( export growth) series are stationary at level. 
Consequently, Y1 and X1 are 1(0) 

(ii) both the series are free from any deterministic trend 

(iii) there exist no structural breaks in the series concerned. 

4.9 Cointegration: Meaning & Relevance: 

Cointegration is the study concerning the existence of long run equilibrium 
relationship among variables. The study allows the researcher to describe the 
existence of an equilibrium or stationary relationship among two or more series, 
each of which is individually non-stationary. According to Engle and Granger 
(1987) variables will be cointegrated when the linear combination of non
stationary variables is stationary. 

Engle and Granger (1987) provide the following definition of cointegration. 

The components of the vectors x1= ( x1r. x2r, ••• x0 r) are said to be cointegrated of 
order d, b, denoted by x1 ~CI ( d,b) if 

(i) all the components of x1 are integrated of order d 

(ii) there exists a vector ~ = C~t. ~2 , ••••• ,~0) such that the linear combination 



75 

f3xt = fJ1 XII + fJ2x21 + ···· + f3nxnt 
is integrated of order (d-b) where b>O. 
The vector pis called the cointegrating Vector. 

4.10 Four Cases for Cointegration: 

Here we face four cases for consideration; 

Case 1: Let {Y1 } and {X1} be stationary such that Y1 ~I(O) and X1~ I(O). 
Consequently, d=O and there cannot be any b>o so that Yh X1~CI (d,b). 

Under this situation, a long run relationship between Y1 and X1 does already 
exist and the classical regression model is appropriate. 

Case 2: Let {Y1 } and {X1} sequences are of different orders. Then regression 
equation using such variables are meaningless. 

Case 3: The non-stationary {Y1 } and {X1} sequences are integrated of the same 
order but the residual sequence contains a stochastic trend. This is the case in 
which regression is spurious. 

Case 4: The non-stationary {Y1 } and {X1} sequences are .integrated of the same 
order and the residual sequence is stationary. In this case {Y1 } and {X1} are 
co integrated. 

4.11 Long-run Relationship Between Income Growth and Export Growth: 

Income growth (Y1 ) and export growth (X1 ) are stationary variables and both 
the series are I(O). So, the Case 1 is relevant here. Consequently, a long-run 
relationship must exist between {Y1 } and {X1}. This means that Y1 must be in a 
long-run relation with X~, Similarly, X1 must maintain a long-run relationship 
with Y1• 

The existence of long-run relationship between income growth and export 
growth being assured, it then becomes pertinent to enquire into the stability of 
such relationship. This constitutes the subject of our study in the next chapter. 



CHAPTER-S 

STABILITY OF THE LONG-RUN RELATIONSHIP BETWEEN 
INCOME GROWTH AND EXPORT GROWTH 

5.1 Introduction: 
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There exists a long-run relationship between income growth and export growth 
in the economy of Sri Lanka. The stability of such relationship needs to be 
examined. This is done through the estimation of the Vector Error Correction 
(VEC) Model. The estimated model helps us understand if any short-run shock 
could destabilized the long-run relationship between these variables. 

5.2 The VEC Model: 

In the present study the Vector Error Correction Model is as follows: 

!:V(t = Yz + PzZt-1 + fJ/'1Y1-1 + flzt1Yt-z + fJ3 t....Xt-1 + fJ4t....Xt-z + 6zt 

where /1Y =first difference ofY (income growth) 

11X =first difference of X (export growth) 

Z1_1= first lag of error term of the regression equation (serving as the 
virtual cointegrating equation) 

cit, cit are white noise error terms 

a.1 ... a.4 are the coefficients of 11 Y and /1X in equation (5.1) 

~ 1 ... ~4 are the coefficients of 11 Y and /1X in equation (5.2) 
,. 

5.2 

Y1 and y2 are the intercept of the equations (5.1) and (5.2) respectively. 

In the estimation ofVEC model at least one of p1 and p2 should be non-
zero. 
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5.3 Results of Estimation: 

The estimated VEC model consisting of equations 5.1-5.2 is given by the 
Table-5.1. 

Table-5.1 
The Results of the VEC Estimation [ Of E( nations (5.1) and (5.2) 

Dependent Independent Coefficients Standard 't' Statistics 
Variable Variable errors 
flY Constant(P1) 0.002036 (0.01161) [ 0.17542] 

Zt-1 -0.704321 (0.28658) [-2.45772] 

D.Yt-1 -0.142415 (0.25723) [-0.55365] 

D.Yt-2 -0.036871 (0.18718) [-0.19699] 

D.Xt-1 -0.627110 (0.38231) [-1.64033] 

D.Xt-2 -0.754450 (0.28239) [-2.67165] 

!:!.X Constant(P2) 5.75E-05 (0.00796) [ 0.00722] 

z t-1 0.228940 (0.19647) [ 1.16526] 

D.Yt-1 -0.077044 (0.17635) [-0.43687] 

D. Yt-2 0.066862 (0.12833) [ 0.52103] 

D.Xt-1 -0.409207 (0.26210) [-1.56125] 

D.Xt-2 -0.466245 (0.19360) [-2.40826] 

Table-5.2 
Relevant Statistics of the VEC Estimation 

R-squared 0.540625 0.475321 
Adj. R-squared 0.452283 0.374422 
Sum sq. resids 0.111620 0.052464 
S.E. equation 0.065522 0.044921 
F-statistic 6.119717 4.710828 
Log likelihood 45.12816 57.20768 
Akaike AIC -2.445510 -3.200480 
Schwarz SC -2.170685 -2.925655 
Mean dependent -0.000262 -0.001272 
S.D. dependent 0.088533 0.056794 
Determinant Residual Covariance 7.95E-06 

Log Likelihood 103.7134 
Log Likelihood (d.f. adjusted) 97.06893 
Akaike Information Criteria -5.191808 
Schwarz Criteria -4.550549 



5.4 Stability of the VEC Model: 

The roots of the characteristic polynomials corresponding to Autoregressive 
Structures in equations 5.1-5.2 are given by the Table 5.3 

Table-5.3 
Roots of Characteristic Polynomial 

Roots of Characteristic Polynomial 
Endogenous variables: GDPGROWTH EXPORTGROWTH 

Exogenous variables: 
Lag specification: 1 2 

Root Modulus 
1.000000 1.000000 

-0.435612- 0.521402i 0.679425 
-0.435612 + 0.521402i 0.679425 
-0.088189- 0.588831i 0.595398 
-0.088189 + 0.588831 i 0.595398 
0.413309 0.413309 
VEC specification imposes I unit root(s). 

It is observed from the Table-5.3 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 

(iv) two of the characteristic roots are not statistically different from zero. 
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Again the inverse roots of AR Characteristic Polynomials lie within the unit 
circle. This is being shown by the Figure-5.1 

All these findings testify for the stability of the estimated VEC model 
consisting of equations 5.1-5.2 



Figure-5.1 
Inverse Roots of AR Characteristic Pol nomials 

Inverse Roots of AR Characteristic Polynomial 

1.5~--------------,---------------. 

1.0 

0.5 

0.0 
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-1.0 

-1.5;----,,----.----+----.-----.--__, 
-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 

Table-5.4 
VEC Residual Portmanteau Tests for Autocorrelations 

VEC Residual Portmanteau Tests for Autocorrelations 
HO: no residual autocorrelations up to lag h 
Sample: 1970 2005 
Included observations: 32 

Lags Q-Stat Pro b. Adj Q-Stat Pro b. df 
1 0.456075 NA* 0.470787 NA* NA* 
2 0.718094 NA* 0.750274 NA* NA* 
3 1.351460 0.8526 1.449161 0.8356 4 
4 6.558150 0.5850 7.399663 0.4942 8 
5 7.433644 0.8277 8.437286 0.7501 12 
6 7.592189 0.9601 8.632418 0.9278 16 
7 12.79850 0.8859 15.29650 0.7592 20 
8 19.52103 0.7237 24.25987 0.4468 24 
9 20.95068 0.8274 26.24895 0.5594 28 
10 22.04831 0.9061 27.84551 0.6770 32 
11 23.99085 0.9372 30.80556 0.7139 36 
12 30.41029 0.8635 41.07666 0.4232 40 

*The tesf is valid only for lags larger than the V AR lag order. 
df is degrees of freedom for (approximate) chi-square distribution 
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The adjusted statistics for the corresponding Chi-square values, given the 
degree of freedom show that 

(i) the hypothesis of no serial correlations have been rejected for upto the 2"d 
lag at 5% level, 

(ii) the hypothesis of no serial correlation can not be rejected at 10% level for 
the 121

h lag. 
/\ /\ 

Consequently, the VAR residuals u1, and u 2, are found to be serially 

independent. 

/\ /\ 

5.5 Normality of the VEC Residuals t:1, and t:21 : 

The Table 5.5 presents the results ofVEC Residual Normality Test. 

Table-5.5 
VEC Residual Normality Tests 

VEC Residual Normality Tests 
Orthogonalization: Cholesky (Lutkepohl) 
HO: residuals are multivariate normal 
Sample: 1970 2005 
Included observations: 32 
Component Skewness Chi-sq df Pro b. 

I -0.249705 0.332546 1 0.5642 
2 0.228167 0.277655 1 0.5982 

Joint 0.610201 2 0.7370 
Component Kurtosis Chi-sq df Pro b. 

1 4.223428 1.995700 1 0.1577 
2 1.855733 1.745796 1 0.1864 

Joint 3.741496 2 0.1540 
Component Jarque-Bera df Pro b. 

1 2.328246 2 0.3122 
2 2.023451 2 0.3636 

Joint 4.351697 4 0.3605 
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It is observed from the Table-5.5 that 

(i) the JB statistic for sit = 2.328246 .. Consequently, the null hypothesis of 
A 

normality of sit is accepted at 10% level. 
A 

(ii) the JB statistic for s 21 = 2.023451. Consequently, the null hypothesis of 
A 

normality of s 21 is also accepted at 10 % level. 
A A 

(iii) the JB statistic for both s 11 and S 21 = 4.351697. Consequently, the null 
A A 

hypothesis, ( that sit and s 21 are multivariate normal ) is accepted at 10% 

level. 
A A 

It, therefore, is found that the residuals sit and S 21 for the equations 5.1 and 

5.2 are normal. 

5.6 Findings from the Table 5.1 [Eqn 5.1] in the VEC Model: 

In the estimated equation ( 5.1) 

A 

(a) p 1, the coefficient of Zt-1 is significant at 1% level. 
A A 

(b) p 1 =-0. 704321 indicates that p 1 is negative and its absolute value is less 
than unity. 

A A 

(c) a3 and a4 (i.e, the coefficients of ~X1_ 1 and ~X1_2 respectively) are 

significant at 10% and 1% level respectively. 

5.7 Economic Interpretations of the Findings [Eqn 5.1]: 

The economic significance of these findings is as follows 
A 

(i) PI, being significant at 1% level, indicates that short-run shocks, 
transmitted through the channel of income growth, significantly affected the 
long-run relationship which income gro~h maintained with export growth. 

A 

(ii) The negative value of PI indicates that income growth, following any 
positive shock transmitted through the channel of income growth, declined. 
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Consequently, short-run positive income shock appeared to pull down income 
growth from its long-run equilibrium level. 

(iii) ~~~~ < 1 indicates that income growth oscillated around the long-run 

equilibrium level following short-run income shocks and oscillations were 
convergent. Thus the long-run relationship, which income growth maintained 
with export growth, was stable. 

1\ 1\ 

(iv) a3 and a 4 being significant (at 10% and 1% level respectively), even in 

the presence of~ Y1_; (i= I ,2) in the vector of regressors for ~ Yt. indicates that 
export growth Granger Caused economic growth in the short-run. 

5.7 The Findings From the Table-5.1 [Eqn 5.2]: 

In the estimated equation 5.2 in the VEC model 
1\ 

(a) p 2 is not significant even at I 0% level. 
1\ 

(b) f3 2 , the coefficient of LDC1_2 , is significant at 5% level 

(c) all other coefficients fail to be significant even at 10% level. 

5.8 Economic Interpretations of the Findings From the Table 5.1 [Eqn 5.2]: 

The economic significance of these findings is as follows. 
1\ 

(i) p 2 , being insignificant (even at 10% level), indicates that the shocks, 

transmitted through the export channel, failed to disturb the long-run 
relationship that export growth maintained with economic growth. 

(ii) Consequently, this long -run relationship is stable. 

1\ 1\ 

(iii) f3 3 and /34 being insignificant ( even at 10 % level), indicate that 

economic growth jailed to Granger cause export growth in the short run. 
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5.9 Summary of Findings: 

It is, therefore, observed that in the economy of Sri Lanka over the period 1970-
2005 

(i) the long-run relationship, that economic growth maintained with export 
growth, was stable. The shocks, transmitted through income growth channel, 
had no significant dis-stabilizing impact on the long-run relationship. 
Consequently, the short-run dynamics of income growth defined an 
'equilibrium 'process. 

(ii) the long-run relationship, that export growth maintained with income 
growth, was stable. The shocks, transmitted through export growth channel, 
failed to exert any appreciable impact on the long-run relationship. 
Consequently, the short-run dynamics of export growth defined a 'stable 
equilibrium process'. 

(iii) there did exist 'Uni-directional' short-run Granger Causality running from 
export growth to income growth. 

(iv) income growth, consequently, failed to Granger cause export growth in 
the short-run. Income growth emerged as an exogenous variable in the 
equation (5.2) for export growth. 



CHAPTER-6 

VRCTOR AUTOREGRESSIVE (V AR) MODEL OF EXPORT AND 
ECONOMIC GROWTH IN THE ECONOMY OF SRI LANKA 

6.1 Introduction: 
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In order to find the long-run dynamic relationship between export and 
economic growth in the economy of Sri Lanka, we cannot make any a priory 
assumption of endogenity and exogeneity of variables. For this purpose, Vector 
Autoregressive Model (V AR) can be applied. This model treats all variables 
symmetrically without making reference to the issue of dependence versus 
independence. A V AR model also offers a scope for Intervention Analysis 
through the study of Impulse Response Functions for the endogenous variables 
in the model. Variance Decomposition allows us to study the 'Variance 
Decompositions' for these variables and thus help us understand the 
interrelationships among the variables concerned. We therefore, seek to develop 
a V AR model for Export and Economic Growth for the economy of Sri Lanka 
in this chapter. 

6.2 The V AR Model: 

The Vector Autoregression (VAR) Model for Y1 (GDP Growth) and X1 (Export 
Growth) for the economy of Sri Lanka Gonsists of the equations (6.1) and (6.2) 

k k 

yl = a! + L {Jli yl-i + L rliXt-i + Uit 
i=I i=I 

k k 

XI= a2 + LfJ2iX1-; + LY2iyt-i +u21 
i=I i=l 

6.3 Features of the V AR Model: 

The V AR model consisting of equations ( 6.1) and ( 6.2) requires"that 

(i) Y1 and X1 be stationary, and 

(ii) UJt and U21 be white-noise terms such that 
ult~ iidN(O,cr2

u1), and 

U21 ~ iidN(O,cr2 uJ). 

6.1 

6.2 
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In this model both Y1 and X1 are stationary at level such that Y1 ~1(0) and 
X1~1(0). Consequently, the first requirement is satisfied. 

However, the properties of ult and u21 need to be studied. This will enable us to 
find ifult and u21 are really white noise terms. 

6.4 Selection of Lag Length: 

The appropriate lag-length needs to be determined before the estimation of a 
V AR model. The lag-length may be selected through the 'Selection Criteria' 
like AIC, SIC, HQIC etc. The table 6.1 gives forth the relevant statistics 
corresponding to different criteria for different lags. 

Table-6.1 
V AR Lag Order Selection Criteria 

V AR Lag Order Selection Criteria 
Endogenous variables: GDPGROWTH EXPORTGROWTH 
Exogenous variables: C 
Sample: 1970 2005 
Included observations: 29 

Lag LogL LR FPE AIC sc HQ 
0 91.86509 NA* 6.97E-06* -6.197592* -6.103296* -6.168060* 
I 92.54510 1.219324 8.78E-06 -5.968627 -5.685739 -5.880030 
2 93.13925 0.983426 1.12E-05 -5.733741 -5.262260 -5.586079 
3 97.81237 7.090250 1.08E-05 -5.780163 -5.120089 -5.573436 
4 102.5953 6.597141 1.05E-05 -5.834158 -4.985492 -5.568367 
5 104.4006 2.241035 1.26E-05 -5.682798 -4.645539 -5.357942 
6 104.5044 0.114558 1.75E-05 -5.414096 -4.188245 -5.030175 

* indicates lag order selected by the criterion 
LR: sequential modified LR test statistic (each test at 5% level) 
FPE: Final prediction error 
AIC: Akaike information criterion 
SC: Schwarz information criterion 
HQ: Hannan-Quinn information criterion 
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It is observed from the table-6.1 that 

(i) LR statistics for lag 0 is significant at 5% level 

(ii) SIC statistics for lag 0 is significant at 5% level 

(iii) FPE, AIC, HQ statistics for lag 0 are significant at 5% level. 

However, the zero lag relation indicates instantaneous relationship between Y1 

X1 • In that case VAR specification is not possible. We, therefore, have 
followed Enders' Method and started with eight lags. We have then reduced 
the lags by one and carried out the test, given that the estimated t-statistics for 
the coefficient involved is insignificant. In the 4 lag specification a few 
parameters have been found statistically significant. 

We, therefore, have chosen four (4) lags for each endogenous variables in 
their Autoregressive and Distributed Lag Structures in the estimable V AR 
model. 

6.5 The Estimable V AR Model: 

The estimable VAR model, therefore, consists of the following equations. 

Y, = al + fJ11 Y,_l + fJ12 Y,_2 + /313 Y,_3 + fl14 Y,_4 + Y11 Xt-1 

+ YI2Xt-2 + ri3Xt-3 + YI4Xt-4 + u!t 

X, = a2 + fJ21X,_1 + fJ22Xt-2 + f323Xt-3 + f324Xt-4 + Y21Y,_1 

+ Yn Y,_2 + Y23 Y,_3 + Y24 Y,_4 + u21 

6.6 Results of Estimation of the V AR Model: 

6.3 

6.4 

The results of estimation of the VAR model consisting of equations (6.3) and 
(6.4) are given by the Table-6.2 
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Table-6.2 
Results of Estimations of Equations (6.3) and (6.4) 

Dependent Independent Coefficients Standard 't'Statistics 
Variable Variable errors 
Yt Constant( a) 0.024667 (0.04133) [ 0.59689] 

Y,_, 0.095328 (0.19089) [ 0.49940] 
Y,.2 0.027309 (0.17990) [ 0.15180] 
Y,.3 -0.0 I 0305 (0.17876) [-0.05765] 
Y,-4 -0.415325 (0.18155) [-2.28760] 
X,_, 0.237720 (0.29899) [ 0.79507] 
x,.2 -0.137126 (0.29679) [-0.46204] 
x,.3 0.675867 (0.28914) [ 2.33753] 
Xt-4 0.058995 (0.30748) [ 0.19186] 

X, Constant( a') 0.042623 (0.02718) [ 1.56825] 

X,_, 0.092533 (0.19664) [ 0.47057] 
x,.2 -0.109670 (0.19519) [-0.56187] 
x,.3 0.413422 (0.19016) [2.17409] 
x,-4 -0.113054 (0.20222) [-0.55905] 
Y,_, 0.049708 (0.12554) [ 0.39595] 
Yt-2 0.035405 (0.11832) [ 0.29923] 
Yt-3 -0.121736 (0.11757) [-1.03547] 
Y,-4 0.117095 (0.11940) [ 0.98066] 

Table-6.3 
Relevant.Statistics Of Estimated Equations (6.3)_ and (6.4) 

R-squared 0.373710 0.230005 
Adj. R-squared 0.145968 -0.049993 
Sum sq. resids 0.078578 0.033988 
S.E. equation 0.059764 0.039305 
F-statistic 1.640937 0.821452 
Log likelihood 48.66643 61.65679 
Akaike AIC -2.559125 -3.397212 
Schwarz SC -2.142806 -2.980894 
Mean dependent 0.064445 0.067839 
S.D. dependent 0.064670 0.038358 
Determinant Residual Covariance 5.20E-06 
Log Likelihood (d.f. adjusted) 100.6111 
Akaike Information Criteria -5.329751 
Schwarz Criteria -4.497114 
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1\ 1\ 

The residuals of the estimated equations (6.3) and (6.4) are u11 and u2, 

respectively. 

6. 7 Conditions of Stability for the V AR Model: 

Let us consider the equations (6.3) 

Y, = a1 + /311 yl-1 + /312 Y,_2 + /313 Y,_3 + /314 Y,_4 + Y11 x,_1 + rl2 x,_2 

+ r13x/-3 + r14xt-4 + ult 

Equation (6.3) can be written as 

or, 

6.3 

Y, - Pn Y,_1 -/312 Y,_2- /313 Y,_3- /314 Y,_4 = a1 + r11Xt-1 + ri2Xt-2 + rl3Xt-3 + r14xt-4 + ult 

or, 

Y, - PnLY,- p12L2Y,- f313L3Y, - f314L4Y, = a1 + r11LX, + r12L2X/ + ri3L3XI + r14L4XI + u 

or, 

(l-{J~~L-f312L2 -f313L3 +f314L4)Y, =a1 +r11(L+r12L2 +ri3L3 +r14L4)X, +u1, 

6.5 

The stability of the equation (6.5) requires that the roots of the Characteristic 
Polynomial B(L) be less than one. 

Similarly, let us consider (6.4) 

x, = a2 + P21 x,_1 + P22 x,_2 + f323x,_3 + fJ24 x,_4 + r 21 Y,_1 + 

Y22 Y,_2 + Y23 Y,_3 + Y24 Y,_4 + u21 

6.4 



Again equation (6.4) can also be written as 

where A(L) = (1- /l21 L- /322 L2- /323 L3- /324 L4
) and 

Y2 (L) = CY21L + Y22L
2 + Y23L

3 + Y24L
4

) 
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6.6 

Stability of the equation (6.6) requires that the roots of the Characteristic 
Polynomial A(L) be less than unity. 

It, therefore, follows that the estimated V AR model, consisting of equations 
(6.3) and (6.4) will be stable iff 

(i) the roots of the Characteristics Polynomial B(L) are less than unity, and 

(ii) the roots of the Characteristic Polynomials A(L) are less than unity. 

6.8 Stability of the Estimated V AR Model: 

The roots of the Characteristic Polynomials B(L) and A(L) are given by the 
Table-6.4 

Table-6.4 
V AR Stability Condition Check 

Roots of Characteristic Polynomial 
Endogenous variables: GDPGROWTH EXPORTGROWTH 
Exogenous variables: C 
Lag specification: 1 4 

Root Modulus 
-0.660392 - 0.594011 i 0.888238 
-0.660392 + 0.594011i 0.888238 
0.609854 - 0.573220i 0.836961 
0.609854 + 0.573220i 0.836961 

-0.282455- 0.713948i 0.767791 
-0.282455 + 0.713948i 0.767791 
0.670540 0.670540 
0.183307 0.183307 
No root lies outside the unit circle. 
V AR satisfies the stability condition. 
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It is observed from the Table-6.4 that 

(i) there are four characteristic roots (eigenvalues) for B(L), 

(ii) there are four characteristic roots (eigenvalues) for A(L), 

(iii) absolute values of the roots are less than unity, 

(iv) three of the roots are positive, and 

(v) three roots have negative values. 

(vi) two roots are not significantly different from zero. 

All these observations testify for the stability of the V AR model. 

Figure-6.1 
Inverse Roots of AR Characteristic Pol nomial 

Inverse Roots of AR Characteristic Polynomial 

1.5~----------------~------------------~ 

1.0 

0.5 

0.0 

-0.5 

-1.0 

-1.5~-----r----~----~~----~----~----~ 
-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 

Again the Figure-6.1 shows that the inverse roots of AR Characteristic 
Polynomials lie within the unit circle. 

All these findings confirm that the estimated V AR model is stable. 
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6.9 Normality of the VAR residuals U 11 and U 21 : 

The Table-6.5 presents the results ofVAR Residual Normality Tests. 

Table-6.5 
V AR Residual Normality Tests 

VAR Residual Normality Tests 
Orthogonalization: Cholesky (Lutkepohl) 
HO: residuals are multivariate normal 
Sample: 1970 2005 
Included observations: 31 

Component Skewness Chi-sq df Pro b. 
1 0.692321 2.476425 1 0.1156 
2 -0.020061 0.002079 1 0.9636 

Joint 2.478504 2 0.2896 
Component Kurtosis Chi-sq df Pro b. 

1 3.812267 0.852212 1 0.3559 
2 1.627504 2.433170 1 0.1188 

Joint 3.285382 2 0.1935 
Component Jarque-Bera df Pro b. 

1 3.328637 2 0.1893 
2 2.435249 2 0.2959 

Joint 5.763886 4 0.2175 

It is observed from the Table-6.5 that 
1\ 

(i) the JB statistic for u1, = 3.328637 .. Consequently, the null hypothesis of 
1\ 

normality of u11 is accepted at 1 0% level. 
1\ 

(ii) the JB statistic for u 21 = 2.435249. Consequently, the null hypothesis of 
1\ 

normality of u 21 is also accepted at 10 % level. 
1\ 1\ 

(iii) the JB statistic for both u 11 and u 21 = 5.763886. It indicates that the null 
1\ 1\ 

hypothesis, (that u11 and u 21 are multivariate normal,) is accepted at 10% 

level. 
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6.10 Serial Independence of the V AR Residuals ( u11 and U21 ): 

1\ 1\ 

The correlograms of the V AR residuals u1, and u 21 are being presented 

through the Figures 6.2 and 6.3. 

Figure~6.2 
1\ 

Correlogram of Residuals u11 

Sample: 1970 2005 
Included observations: 30 

Autocorrelation Partial Correlation 

I I I I 

I I I I 

I I I I 

I I I I 

I :::J I I pI 
: ~ : : ~ : 
lc::= 
I ::J 
I D 

~p: 
I p I 

I [ I [ I 

I D 
IC: : cp : 
: [p 
I [ 

I 

:~ 

AC PAC Q-Stat Prob 

1 -0.016 -0.016 0.0088 0.925 
2 -0.001 -0.002 0.0089 0.996 
3 -0.037 -0.037 0.0568 0.996 
4 -0.011 -0.013 0.0616 1 .ODD 
5 0.157 0.157 1 .0053 0.962 
6 -0.079 -0.077 1.2530 0.974 
7 -0.084 -0.090 1 .5489 0.981 
8 -0.335 -0.337 6.4370 0.598 
9 0.089 0.085 6.8000 0.658 

10 0.080 0.064 7.1060 0.715 
11 -0.079 -0.076 7.4196 0.764 
12 0.070 0.090 7.6775 0.810 
13 -0.204 -0.135 10.036 0.691 
14 0.075 -0.010 10.374 0.734 
15 -0.064 -0.157 10.638 D. 778 
16 -0.056 -0.148 10.850 0.819 

Figure~6.3 
1\ 

Correlogram of Residuals U 21 

Sarni:>ie: 1970:2665 
Included observations: 30 

Autocorrelation Partial Correlation AC PAC GI-St at Prob 

I [ I I I 1 -0.041 -0.041 0.0567 0.812 
I I I I 2 0.039 0.037 0.1077 0.948 
I E I I c: I 3 -0.138 -0.135 0.7846 0.853 
I I I I 4 0.019 0.007 0.7978 0.939 
I E I I L I 5 -0.141 -0.133 1.5574 0.906 
I p I I 3 I 6 0.125 0.100 2.1810 0.902 
I 

~ 
I I L I 7 -0.123 -0.113 2.8174 0.901 

I I I~ I 8 -0.132 -0.187 3.5779 0.893 
I g_ I I L I 9 -0.138 -0.122 4.4469 0.880 
I I It= I 10 -0.168 -0.250 5.8079 0.831 
I I I I 1 1 0.007 -0.036 5.8104 0.886 
I f I I ] I 12 0.148 0.068 6.9864 0.859 
I I I I 13 0.044 -0.028 7.0972 0.897 
I ~ I I I 14 0.042 0.025 7.2021 0.927 
I I I [:J I 15 -0.037 -0.097 7.2918 0.949 
I p I I I 16 0.097 0.086 7.9387 0.951 

It has been observed from the correlograms given by the Figures 6.2-6.3 that 

(i) the corresponding ACFs are marked by the absence of any dying out pattern 
of spikes, and 
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(ii) the corresponding PACFs are also free from any single significant spike at 
any lag. 

" " These observations testifY for the fact that u 11 and u 21 residuals are free 

from auto-correlations of any order. 

6.11 Further Confirmation of Serial Independence for the V AR Residuals 

" " 

The results of the V AR Residual Portmanteau Test for Autocorrelations are 
being presented through the Table-6.6. 

Table-6.6 
V AR Residuals Portmanteau Tests for Autocorrelations 

V AR Residual Portmanteau Tests for Autocorrelations 

HO: no residual autocorrelations up to lag h 

Sample: 1970 2005 

Included observations: 31 

Lags Q-Stat Pro b. Adj Q-Stat Pro b. df 

I 0.329331 NA* 0.340308 NA* NA* 

2 0.961592 NA* 1.016174 NA* NA* 

3 1.891387 NA* 2.045590 NA* NA* 

4 3.050191 NA* 3.376068 NA* NA* 

5 4.644844 0.3257 5.277385 0.2600 4 

6 5.728460 0.6776 6.621069 0.5780 8 

7 10.84563 0.5422 13.23075 0.3525 12 

8 18.06714 0.3200 22.96409 0.1147 16 

9 20.10275 0.4515 25.83245 0.1714 20 

10 23.33779 0.4999 30.60798 0.1654 24 

II 26.03581 0.5711 34.78991 0.1761 28 

12 28.83536 0.6275 39.35760 0.1738 32 

*The test is valid only for lags larger than the V AR lag order. 

dfis degrees of freedom for (approximate) chi-square distribution 

The adjusted statistics for the corresponding Chi-square values, given the 
degree of freedom, show that 

(i) the hypothesis of no serial correlation cannot be rejected at I 0% level for 
the 121h lag. 
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1\ 1\ 

Consequently, the VAR residuals u1, and u2, are found to be serially 

independent. 

1\ 1\ 

6.12 Homoscedasticity of the V AR Residuals ( u11 and U 21 ): 

1\. 1\ 

Time plots of the V AR residuals ( u11 and u2, ) are given by the Figures 6.4 

and 6.5 respectively. These figures show that 
1\ 

(i) there exist no cluster in the time plot of u11 , and 
1\ 

(ii) the time plot of u21 is also marked by the absence of cluster. 

These observations testify for the 'homoscedasticity' of the residuals 
concerned. 

Figure-6.4 
1\ 

Time Plot of :Residuals ofEquation-6.3 (u1, ) 

G DPGROVVfH Residuals 
.20 ~-----r--------------. 
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Figure-6.5 
1\ 

Time Plot of Residuals ofEquation-6.4 (U 21 ) 

EXPORTGROVVTH Residuals 

1\ 

6.13 Further Confirmation ofHomoscedasticty of the VAR Residuals (u11 

1\ 

andu21 ): 

1\ 1\ 

The correlogram ofthe variance VAR residuals (u11 and u 21 ) are given by the 

Figures 6.6 and 6.7. 
Figure-6.6 

1\ 

Correlogram of Variance of V AR Residuals ( u 11 ) 

Sample: 1970 2005 
Included observations: 30 

Autocorrelation Partial Correlation AC PAC Q-Stat Prob 

I c I I E I 1 -0.129 -0.129 0.5476 0.459 
I I I I 2 -0.026 -0.043 0.5702 0.752 
I [ I I [ I 3 -0.083 -0.094 0.8168 0.845 
I :::I• I :::J• 4 0.209 0.189 2.4228 0.659 
I I I I 5 -0.043 0.001 2.4948 0.777 
I I I I 6 -0.015 -0.013 2.5040 0.868 
I L I I [ I 7 -0.117 -0.098 3.0709 0.878 
I :::r I I :I I 8 0.166 0.105 4.2756 0.831 
I I I I 9 -0.055 -0.027 4.4136 0.882 
I I I I 10 -0.030 -0.039 4.4563 0.924 
I 

~ 
I I _I: I 11 -0.110 -0.073 5.0678 0.928 

I I •E I 12 -0.095 -0.190 5.5461 0.937 
I I I [ I 13 -0.024 -0.059 5.5789 0.960 
I I I I 14· -0.025 -0.056 5.6175 0.975 
I [ I I I 15 -0.067 -0.046 5.9047 0.981 
I I I I 16 -0.040 -0.049 6.0139 0.988 



Figure-6.7 
1\ 

Correlogram of Variance of V AR Residual ( u 21 ) 

Sample: 1970 2005 
Included observations: 30 

Autocorrelation Partial Correlation AC PAC Q-Stat Prob 

1 0.274 0.274 2.4780 0.115 
2 0.150 0.081 3.2498 0.197 
3 0.008 -0.056 3.2521 0.354 
4 -0.005 -0.007 3.2531 0.516 
5 0.229 0.261 5.2637 0.385 
6 0.040 -0.092 5.3277 0.503 
7 -0.070 -0.144 5.5302 0.596 
8 0.051 0.157 5.6447 0.687 
9 -0.225 -0.274 7.9589 0.538 

10 -0.220 -0.254 10.277 0.417 
11 -0.213 -0.007 12.579 0.322 
12 -0.235 -0.104 15.522 0.214 
13 0.020 0.018 15.543 0.275 
14 -0.164 -0.082 17.165 0.248 
15 -0.067 0.116 17.450 0.293 
16 -0.095 -0.093 18.065 0.320 

It is observed from the Figures 6.6 and 6.7 that 

96 

(i) the corresponding ACFs are free from any dying out pattern of spikes, and 

(ii) the corresponding PACFs do not contain any singularly significant spike at 
lag one or at any other lags onward. 

These observations indicate that 
1\ 1\ 

(i) variances of residuals ( u11 and u 21 ) are free from autoregressive structure, 

and 

(ii) there exists no Autoregressive Conditional Heteroscedasticity (ARCH) 
1\ 1\ 

for u11 and u 21 • 



97 

1\ 

6o14 Confirmation of Homoscedasticity of the VAR Residuals (u1, and 
1\ 

u
21 

) through Autoregressive Conditional Heteroscedasticity (ARCH) & 

Generalized Autoregressive Conditional Heteroscedasticity (GARCH) 
Model : 

Table-6o7 
R esu ts o fE 0 st1mat10n o fE t' 63Th ;qua IOD- o hARCHM d I roug1 o e 

Dependent Variable: GDPGROWTH 
Method: ML- ARCH (Marquardt) 
Sample(adjusted): 1975 2005 
Included observations: 31 after adjusting endpoints 
Failure to improve Likelihood after 24 iterations 
Variance backcast: ON 

Coefficient Std. Error z-Statistic Pro b. 
GDPGROWTH1 0.063182 0.193469 0.326573 0.7440 
GDPGROWTH2 0.057809 0.220918 0.261676 0.7936 
GDPGROWTH3 -0.043366 0.411320 -0.105432 0.9160 
GDPGROWTH4 -0.397149 0.193377 -2.053756 0.0400 

EXPORTGROWTH1 0.240299 0.668079 0.359687 0.7191 
EXPORTGROWTB2 -0.149563 0.566884 -0.263834 0.7919 
EXPORTGROWTH3 0.702315 0.480952 1.460260 0.1442 
EXPORTGROWTH4 0.081262 0.485999 0.167206 0.8672 

c 0.024902 0.074594 0.333831 0.7385 
Variance Equation 

c 0.001510 0.003750 0.402746 0.6871 
ARCH(1) -0.087123 0.379176 -0.229769 0.8183 
ARCH(2) 0.035893 0.443673 0.080901 0.9355 

GARCH(1) 0.498030 1.330680 0.374267 0.7082 
R-squared 0.369527 Mean dependent var 0.064445 
Adjusted R-squared -0.050789 S.D. dependent var 0.064670 
S.E. of regression 0.066292 Akaike info criterion -2.478545 
Sum squared resid 0.079103 Schwarz criterion -1.877196 
Log likelihood 51.41745 F-statistic 0.879164 
Durbin-Watson stat 1.960968 Prob(F -statistic) 0.580699 
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Table-6.8 
R esu ts o fE stimat10n o fE 64Th ~quat10n- . hARCHM d I rou~J o e 

Dependent Variable: EXPORTGROWTH 
Method: ML- ARCH (Marquardt) 
Sam2_le(adjusted): 1975 2005 
Included observations: 31 after adjusting endpoints 
Failure to improve Likelihood after 35 iterations 
Variance backcast: ON 

Coefficient Std. Error z-Statistic Prob. 
EXPORTGROWTH1 0.031477 0.289859 0.108596 0.9135 
EXPORTGROWTH2 -0.007234 0.191445 -0.037786 0.9699 
EXPORTGROWTH3 0.543256 0.133208 4.078268 0.0000 
EXPORTGROWTH4 -0.082408 0.170282 -0.483948 0.6284 

GDPGROWTH1 0.054362 0.203180 0.267557 0.7890 
GDPGROWTH2 0.031756 0.060379 0.525945 0.5989 
GDPGROWTH3 -0.114061 0.071040 -1.605576 0.1084 
GDPGROWTH4 0.103504 0.172570 0.599777 0.5487 

c 0.019800 0.020049 0.987608 0.3233 
Variance Equation 

c 0.000251 0.000258 0.972333 0.3309 
ARCH(1) 0.293166 0.462019 0.634532 0.5257 
ARCH(2) 0.771444 0.604873 1.275383 0.2022 

GARCH(l) -0.171899 0.218152 -0.787980 0.4307 
R-squared 0.138626 Mean dependent var 0.067839 
Adjusted R-sguared -0.435624 S.D. dependent var 0.038358 
S.E. ofregression 0.045960 Akaike info criterion -3.672071 
Sum squared resid 0.038022 Schwarz criterion -3.070721 
Log likelihood 69.91710 F-statistic 0.241404 
Durbin-Watson stat 1.782124 Prob(F -statistic) 0.992166 

The Table 6. ?shows that 

the ARCH (I), ARCH(2) and GARCH(J) coefficients are not significant even at 
10% level. 

Similarly, the Table 6.8 shows that the ARCH(l), ARCH(2) and GARCH(1) 
coefficients fail to be significant even at 10% level. 

1\ 1\ 

All these findings testifY for the fact that the VAR residuals u11 and u21 are 

'Homoscedastic'. 
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6.15 Findings From the Table 6.2 [Equation (6.3)]: 

It is observed from the Table 6.2 for the estimated equation 6.3 that 

4 1\ 4 1\ 

(i) Lflli < 1 and Ir < 1 
i=l i=l li 

These indicate that the auto-regressive and distributed lag structures in 
equation 6.3 are consistent. 

1\ 

(ii) r 13 , the coefficient of Xt-3 is significant at 1% level 
1\ 

(iii) r 13 is significant at 1% level 

(iv) ; 13 > 0 and lr~3 ~ < 1 

1\ 1\ 1\ 

(v) rll' rl2 and r 14 are not significant even at 10% level. 
1\ 

(vi) /314 , the coefficient ofY1-4 is significant at 1% level 
1\ 1\ 1\ 

(vii) fJ 11 , fJ 12 and /313 are not significant even at 10% level. 

6.16 Economic Interpretations of the Findings: 

The economic significance of these findings are as follows. 
1\ 

(i) r 13 , being significant, indicates that Xt-3 significantly affected Y1 even in 

the presence of Y1_i ; i =1, ... ,4 in the vector of regressors. Consequently, X1 

the export growth Granger caused Y1 • the economic growth in the economy of 
Sri Lanka over the period of study. 

(ii) ; 13 > 0 and lr~3 ~ < 1 indicate that three period back export growth 

favorably affected the current period economic growth though the effect was 
less than proportional. 

1\ 

(iii) significant (at 1% level) /3 14 indicates that current period economic growth 

was significantly affected by four period back economic growth. 
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6.17 Findings From the Table 6.2 [Equation (6.4)]: 

It is observed from the Table 8.2 for the estimated equation 8.3 that 
4 1\ 4 1\ 

(i) LfJ2; < 1 and LY2; 
i=I i=I 

These indicate that the autoregressive and distributed lag structures in equation 
6.4 are consistent. 

1\ 

(ii) r 2p (i = 1, .... ,4) are not significant even at 10% level. 
1\ 

(iii) fJ 23 , the coefficient of X1_3 significant at 1% level. 

6.18 Economic Interpretations of the findings: 

The economic significance of these findings is as follows. 
1\ 

(i) y 2; (i=1, .. 4) being insignificant (even at 10% level) in the presence of X1_1 

(i=1, .. 4) in the vector of regressors for X1 implies that economic growth failed 
to Granger cause export growth in the economy of Sri Lanka over the period of 
study. 

1\ 

(ii) significant (at 1% level) fJ 23 indicates that current period export growth was 

significantly affected by three period back export growth. 

6.19 Overview of Findings: 

The findings in Sec. 6.16 and 6.18 indicate that in the economy of Sri Lanka 
over the period of study 

(i) export growth Granger Caused economic growth, 

(ii) economic growth failed to Granger Cause export growth. 

Consequently, the economy of Sri Lanka was marked hy the presence of 
'Uni-directional Causality' running from export growth to economic growth 
over the period 1970-2005. 
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CHAPTER-7 

INTERVENTION ANALYSIS THROUGH THE STUDY OF IMPULSE 
RESPONSE FUNCTIONS FOR EXPORT GROWTH AND ECONOMIC 

GROWTH IN SRI LANKA 

7.1 Introduction: 

VAR model represents a 'Simultaneous Equation System' where for each 
endogenous variable one equation is specified. Again each equation contains 
the autoregressive structure of the endogenous variable along with distributed 
lag structures of other endogenous variables. Consequently, a shock to the 'i th' 
variable not only directly affects the 'i th' variable itself but the shock is also 
transmitted to all other endogenous variables through the dynamic (lag) 
structure of the V AR. 

An Impulse Response Function traces the effects 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 can 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. 

The V AR model estimated in chapter-6 contains two endogenous variables, 
namely, the economic growth (Y1 ) and export growth (X1). We, therefore, seek 
to study in this chapter the dynamic response of Y 1 and X1 across different time 
periods in response to shocks transmitted through channels of different 
endogenous variables concerned. 

7.2 Graphical Presentation of Impulse Response Functions For Economic 
Growth: 

The relevant Impulse Response Functions of economic growth in response to 
impulses, transmitted through the channels of economic growth and export 
growth, are being presented through the Figures 7 .1.1 and 7 .2. The numerical 
values of these responses across different periods are given by the Table-7 .1 
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Figure-7.3 

Response to Cholesky One SD Innovations± 2SE 
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Figure-7.4 
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Table-7.1 Table-7.2 
R espouse o fE . G COUOIDIC rowt h R espouse o fE G xport rowt h 

Response ofEconomic Growth Response of E~ort Growth 
Period Economic Export Period Economic Export 

Growth Growth Growth Growth 
1 0.059764 0.000000 1 0.009432 0.038157 

(0.00759) (0.00000) (0.00696) (0.00485) 

2 0.007939 0.009071 2 0.003843 0.003531 
(0.01135) (0.01147) (0.00740) (0.00752) 

3 0.002009 -0.003528 3 0.001832 -0.003407 
(0.01062) (0.01151) (0.00691) (0.00747) 

4 0.006075 0.024406 4 -0.003247 0.015218 
(0.01148) (0.01164) (0.00741) (0.00748) 

5 -0.022138 0.010859 5 0.006426 -0.001088 
(0.01196) (0.01218) (0.00754) (0.00793) 

6 -0.001825 -0.006469 6 0.001073 -0.000682 
(0.01077) (0.01005) (0.00518) (0.00610) 

7 -0.004388 0.010965 7 -0.003534 0.003412 
(0.01005) (0.00918) (0.00468) (0.00565) 

8 0.000401 -0.008313 8 0.005703 7.20E-05 
(0.01019) (0.00935) (0.00475) (0.00551) 

9 0.012077 -0.005912 9 -0.001873 0.001508 
(0.00977) (0.00782) (0.00403) (0.00411) 

10 -0.001587 0.004397 10 -0.001446 -0.001061 
(0.00815) (0.00692) (0.00317) (0.00370) 

11 0.005556 -0.004420 11 0.002615 0.001686 
(0.00786) (0.00672) (0.00301) (0.00342) 

12 8.56E-05 0.004782 12 -0.002222 0.000570 
(0.00771) (0.00632) (0.00292) (0.00275) 

13 -0.006814 0.002021 13 0.000930 -0.001888 
(0.00738) (0.00588) (0.00258) (0.00257) 

14 0.002162 -0.000908 14 0.000376 0.001902 
(0.00611) (0.00506) (0.00232) (0.00233) 

15 -0.003674 0.002951 15 -0.000775 -0.000645 
(0.00602) (0.00487) (0.00229) (0.00211) 

16 5.05E-06 -0.003407 16 0.001256 -0.000685 
(0.00564) (0.00482) (0.00214) (0.00187) 

17 0.003422 2.59E-05 17 -0.000~39 0.001290 
(0.00542) (0.00429) (0.00198) (0.00186) 
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18 -0.001431 0.000333 18 0.000283 -0.000872 
(0.00449) (0.00376) (0.00174) (0.00167} 

I9 0.002482 -0.002043 I9 0.000355 0.000345 
(0.00447) (0.00370) (0.00168) (0.00149) 

20 -0.000355 0.002262 20 -0.000872 0.000246 
(0.00405) (0.00354) (0.00162) (0.00140) 

7.3 Findings From the Figure-7.1: 

It is observed from the Figure-7 .I that following shocks, transmitted through 
the economic growth channel, economic growth 

(i) responded immediately by rising above the long run base at t=I 

(ii) fell bellow the long run base at t=5 and remained so until t=8 

(iii) registered a small rise above the equilibrium base at t=9 

(iv) touched the base at t=4,8,12 periods 

(v) exhibited very damped oscillations around the base level for 10::; t::; 20 

(vi) almost collapsed on the long -run base for 20::; t::; oo 

7.4 Findings From the Figure-7.2: 

The Figure 7.2 shows that, following shocks transmitted through export growth 
channel, economic growth 

(i) exhibited delayed response by rising above the base level at t=2 

(ii) fell bellow the base level at t=3 

(iii) exhibited damped oscillations around the base level for 6 ::; t ::; 16 

(iv) did not collapse on the base line even at period I 0. 
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7.5 Overall Findings on the Nature of Economic Growth Responses: 

(A) The findings in Sec 7.3 indicate that the shocks, transmitted through the 
channels of economic growth 
(i) were short -lived 

(ii) failed to change the long-run equilibrium base of economic growth 

(iii) produced very damped oscillations in the economic growth around the long 
run base. 

(B) The findings in Sec. 7.4 indicate that the shocks, transmitted through the 
channel of export growth 
(i) were long-lived 

(ii) seemed to distort the equilibrium base of economic growth 

(iii) accounted for most of the short-run variations in economic growth for 
t s 17 periods. 

7.6 Graphical Presentations of Impulse Response Functions for Export 
Growth (Xt): 

The Impulse Response Functions of export growth (X1) corresponding to 
equation 6.4 in the V AR system and in response to impulses transmitted 
through the channels of economic growth and export growth are being 
presented through the Figures 7.3 and 7.4. The corresponding numerical values 
ofthese responses are given by the Table-7.2 

7.7 Findings from the Figure-7.3: 

The Figure- 7.3 shows that, following shocks transmitted through the channel 
of economic growth, export growth 
(i) exhibited immediate small rise above the long -run base at t=l 

(ii) fell below the base level at t=4 

(iii) exhibited very damped oscillations around the base level 3 s t s oo 

(iv) collapsed on the base on the base level for 14 s t ~ oo periods. 

(v) oscillations were convergent. 
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7.8 Findings from the Figure -7.4: 

The Figure -7.4 shows that, following impulses transmitted through the export 
growth channel, export growth 

(i) responded immediately by rising above the long-run base at t=l 

(ii) fell below the long-run base at t=3 

(iii) exhibited damped oscillations around the long run equilibrium level for 
t?.5 

( iv) collapsed on the equilibrium base for t ?. 19 

7.9 Findings From the Joint Study ofthe Figures 7.3 and 7.4: 

The joint study of Figures 7.3 and 7.4 indicate that 

(i) short-run variations in export growth were mainly due to impulses 
transmitted through the channel of export growth 

(ii) both type of shocks were short-lived since these failed to change the long
run equilibrium bases of export growth. 

7.10 Overall Findings from the Study with Impulse Response Functions: 

It is, therefore, observed from the findings in Sees. 7.3- 7.9 that 

(i) export shocks were the predominant cause behind the short-run variations in 
export growth. 

(ii) export shocks generated significant short-run variations in income growth 

(iii) the shocks, transmitted through export growth seemed to distort the 
equilibrium base of economic growth. Consequently, export shocks were long
lived for economic growth. 

(iv) shocks transmitted through the channels of economic growth and export 
growth failed to change the equilibrium base of export growth. Consequently, 
for export growth both these shocks were short-lived. 
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CHAPTER-S 

INTERVENTION ANALYSIS THROUGH THE STUDY OF VARIANCE 
DECOMPOSITIONS 

8.1 Introduction: 

We have seen how shocks to one endogenous variable may affect the other 
endogenous variables in the V AR model through Impulse Response Functions. 
In this section, with the help of Variance Decomposition we seek to separate 
the variations in an endogenous variable into some component shocks. 

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 ·attributed 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. Variations in export growth over the period of the 
study were basically the effect of responses to the shocks transmitted through 
both export growth and income growth channels. So a part of total variations in 
export growth was due to export growth shocks and another part of the 
variations was due to income growth shocks. The break-up of total variations in 
export growth into these two definite parts across different periods (t = 
1,2, ..... ,20) constitute the 'Variance Decomposition' of export growth. 
Similarly, we have the' Variance Decomposition' of income growth. 

8.2 Variance Decomposition oflncome Growth: 

The percentile decompositions of variance of income growth representing 
contributions of shocks, transmitted through the channels of two endogenous 
variables are given by the Table-8.1. The ·corresponding graphical presentations 
are given by the Figure 8.1. 

Fi ure-8.1 
Variance Decomposition of GDPGROWTH 
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Table-8.1 
Variance Decomposition of Economic Growth 

Period S.E Economic Growth Export Growth 
1 0.059764 100.0000 0.000000 
2 0.060968 97.78649 2.213510 
3 0.061103 97.46283 2.537168 
4 0.066077 84.18744 15.81256 
5 0.070528 83.74967 16.25033 
6 0.070847 83.06216 16.93784 
7 0.071825 81.18943 18.81057 
8 0.072305 80.11683 19.88317 
9 0.073545 80.13521 19.86479 
10 0.073694 79.85911 20.14089 
11 0.074035 79.68790 20.31210 
12 0.074189 79.35688 20.64312 
13 0.074529 79.47107 20.52893 
14 0.074566 79.47656 20.52344 
15 0.074714 79.40221 20.59779 
16 0.074792 79.23746 20.76254 
17 0.074870 79.28082 20.71918 
18 0.074885 79.28682 20.71318 
19 0.074954 79.25062 20.74938 
20 0.074989 79.17898 20.82102 

8.3 Findings from the Table-8.1 and Figure-8.1: 

It is observed from the Table 10.1 and Figure-1 0.1 that 

(i) Variations in income growth level in 1 :::;; t:::;; 20 were mainly due to shocks 
transmitted through the channel of income growth 

(ii) Contribution of export shocks in income growth variations remained almost 
stable for t :::;; 3 periods 

(iii) income shocks dominated over the export shocks in generating short-run 
variations in income growth for t> 1 as t ~ oo 

(iv) income shocks accounted for at most 80% of total variations in income 
growth level for t ~ 1 periods. 
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(v) export shocks, on the other hand, accounted for at most 20% of total 
variations in income level. 

8.4 Variance Decomposition of Export Growth: 

The percentile decompositions of Variance of export growth representing 
contributions of shocks, transmitted through the channels of two endogenous 
variables, are given by the Table 8.2. The corresponding graphical presentations 
are given by the Figure.:.8.2 
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Table-8.2 
Variance Decomposition of Export Growth 

S.E Economic Growth Export Growth 
0.039305 5.757956 94.24204 
0.039650 6.597829 93.40217 
0.039839 6.747055 93.25295 
0.042770 6.430392 93.56961 
0.043263 8.490632 91.50937 
0.043282 8.544790 91.45521 
0.043560 9.094283 90.90572 
0.043932 10.62606 89.37394 
0.043998 10.77557 89.22443 
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10 0.044034 10.86552 89.13448 
11 0.044144 11.16242 88.83758 
12 0.044203 11.38499 88.61501 
13 0.044253 11.40339 88.59661 
14 0.044296 11.38875 88.61125 
15 0.044307 11.41344 88.58656 
16 0.044330 11.48184 88.51816 
17 0.044359 11.51182 88.48818 
18 0.044369 11.51098 88.48902 
19 0.044371 11.51596 88.48404 
20 0.044381 11.54974 88.45026 

8.5 Findings from the Table- 8.2 and Figure- 8.2: 

It is observed from the Table- 8.2 and Figure-8.2 that 

(i) short run variations in export growth for 1 ~ t ~ 2 periods were almost 
entirely due to export shocks 

(ii) contribution of income shocks to short-run variations in export growth 
increased at t=4 period 

(iii) income shocks accounted for at most 11% of total variations in export 
growth for t ;;::: 8 periods 

(iv) export shocks, on the other hand, accounted for about 89% of total 
variations in export growth for t ;;::: 8 periods. 

8.6 Summary of Findings: 

It, therefore, appears that 

(i) export shocks were more important than income shocks in accounting for 
short-run variations in export-growth 

(ii) export shocks were less important than income shocks in accounting for 
short-run variations in income growth. 

These two observations also testify for no causal relationship between export 
growth and income growth in the economy of Sri Lanka over the period 2006-
2025. 
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CHAPTER-9 

GRANGER CAUSALITY BETWEEN ECONOMIC GROWTH AND 
EXPORT GROWTH 

9.1 Granger Causality Test: The Estimable Model: 

Granger causality is a technique for determining whether one time series is 
useful in forecasting another. Ordinarily, regressions reflect "mere" 
correlations, but Clive Granger, who won a Nobel Prize in Economics, argued 
that there is an interpretation of a set of tests as revealing something about 
causality. 

A time series X is said to Granger-cause Y if it can be shown, usually through a 
series of F-tests on lagged values of X (and with lagged values of Y also 
known), that those X values provide statistically significant information about 
future values of Y. 

Since we have found two co-integrating equations between GDP (Yt) and 
Export (Xt) , there is a possibility of two -way causal relationship between the 
variables. 

The Granger Causality Test has been performed with the estimation of the 
following equations with the different lags of the independent variables with 
the basis of level data. 

Y,= a.+ ~1Y1.1 + ~2Y,.2+ ~3Yt-3 + ~4 Y, -4 + 'Y1X1-1 + 'Y2X1-2 + 'Y3Xt-3 +y4Xt-4 +u, 
9.1 

X,= 8 +o1Xt-1 +o2X t-2 +83 X, -3 +o4Xt-4 +n1 Y, -1 +n2Yt-2 +n3 Yt-3 +n4Yt-4 +v, 
9.2 

The results of estimation of equations (9 .1 )-(9 .2) are being presented through 
the Tables 9.1-9.4 
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Table-9.1 

esu so e s rna e ~qua IOD . R It fth E ti t dE f 111 
Dependent Variable: Income Growth 
Method: Least Squares 
Sample(adjusted): 1975 2005 
Included observations: 31 after adjusting endpoints 

Variable Coefficient Std. Error t-Statistic Pro b. 
Y,.J 0.086920 0.191000 0.455078 0.6535 

Yt-2 0.036446 0.178949 0.203665 0.8405 

Yt-3 -0.008006 0.177519 -0.045097 0.9644 

Yt-4 -0.417718 0.181020 -2.307580 0.0308 
x,_I 0.180301 0.300666 0.599671 0.5549 
x,_2 -0.146875 0.296143 -0.495960 0.6248 

Xt-3 0.694320 0.289654 2.397068 0.0255 

Xt-4 0.113586 0.309491 0.367010 0.7171 
Constant 0.023003 0.041834 0.549875 0.5879 

Table-9.2 

e evan a IS ICS 0 ,qua IOD- • R I t St f f f E f 9 3 
R-squared 0.372502 Mean dependent var 0.063429 

Adjusted R-squared 0.144321 S.D. dependentvar 0.065177 

S.E. of regression 0.060291 Akaike info criterion -2.541581 

Sum squared resid 0.079969 Schwarz criterion -2.125262 

Log likelihood 48.39450 F-statistic 1.632483 

Durbin-Watson stat 1.967000 Prob(F-statistic) 0.172467 
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Table-9.3 

R esu ts o t e st1mate f h E ' dE ;quatJOn 92 . 
Dependent Variable: X 
Method: Least Squares 
Sample(adjusted): 1975 2005 
Included observations: 31 after adjusting endpoints 

Variable Coefficient Std. Error t-Statistic Pro b. 

Xt-1 0.090386 0.196488 0.460010 0.6500 

Xt-2 -0.094590 0.193532 -0.488753 0.6299 

Xt-3 0.419058 0.189292 2.213823 0.0375 

Xt-4 -0.116062 0.202255 -0.573841 0.5719 

Y, 0.045766 0.124821 0.366656 0.7174 

Yt-1 0.020521 0.116945 0.175478 0.8623 

Yt-2· -0.122728 0.116010 -1.057904 0.3016 

Yt-3 0.112807 0.118298 0.953585 0.3507 

Yt-4 0.043140 0.027339 1.577969 0.1288 
Constant 

Table-9.4 

Rl e evant s tatJStJCS 0 ;quatJOn- . fE 94 
R-squared 0.226270 Mean dependent var 0.067839 

Adjusted R-squared -0.055086 S.D. dependentvar 0.038358 

S.E. of regression 0.039400 Akaike info criterion -3.392376 

Sum squared resid 0.034153 Schwarz criterion -2.976057 

Log likelihood 61.58183 F-statistic 0.804213 

Durbin-Watson stat 2.051259 Prob(F-statistic) 0.605736 



115 

9.2 Findings From The Tables 9.1-9.2 [Equation 9.1] : 

It is observed from the estimated equation (9 .I) that, 

A 

(i) f3 4 , the coefficient of Yt-4 (GDP growth at lag 4) is negative and 
significant. It implies that four period lag GDP growth significantly affected 
current GDP growth. 

A A A 

(ii) all other coefficients, i.e., /3 1, f3 2 , f3 3 are not statistically significant. 

Consequently, GDP growth at Zagl, 2, 3, do not significantly affect current 
GDP growth. 

A 

(iii) r 3 , the coefficient of X1_3 in significant at I% level even in the presence Y1_ 

i (i=1,2,3,4) in the vector ofregressors in equation 9.1. This indicates that 
Export Growth 'Granger Caused' GDP Growth over the period of study. 

9.3 Findings From The Tables 9.3-9.4 [Equation 9.2] : 

It is observed from the estimation of equation 9.2 that 
A A 

(i) 83 , the coefficient ofXt-3, is significant at 1% level and 83 > 0 
A 

(ii) 7r 1 (j=l,2,3,4,) are not significant even at 10% level. 

All these findings indicate that 

(i) three period back export growth favorable export growth, and 

(ii) economic growth failed to "Granger Cause' economic growth in the 
economy of Sri Lanka over the period of study. 

9.4 Overview of Findings : 

The findings in Sees 9.2-9.3 indicate that there did exist 'Unidirectional 
Causality' running from Export Growth to Economic Growth in the 
economy of Sri Lanka over the period 1970-2005. 

This finding supports our finding of Uni-directional Causality from Export 
Growth to Economic Growth in chapters 5 through chapter 8. 
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CHAPTER-10 

SPECTRAL ANALYSIS FOR FURTHER CONFIRMATION OF THE 
NATURE OF GRANGER CAUSALITY 

10.1 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 
comtemporaneous 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 
comovement clear from the beginning that 'Spectral Analysis' is a powerful 
tool for inspecting cyclical phenomenon and highlighting lead-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 its '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. 

We seek to examine the causal relation between Economic Growth and Export 
Growth 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 5 through 9, between the variables concerned. 
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10.2 Spectral Estimation: Methodology: 

10.2.1 Fourier Transformation: 

Given a function h(t) of a real variable t, the Fourier Transformation ofh(t) can 
be defined as 

H(w) = r:h(t)e-iwt dt 10.1 

provided the integral exists for real w. 

A sufficient condition for H(w) to exist is 

r: h(t)dt < 00 

If (1 0.1 )is regarded as an integral equation for h(t) given H(w), then a simple 
inversion formula exists of the form 

1 f"' . h(t) =- H(w)e'w1 dw 
2TC 00 

10.2 

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 

+«> 

H(w) = Lh(t)e-iwt 
-<Xl 
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is the Fourier Transform of h(t). Here H(w) is defined only m the 
interval [ -;r, 7r]. The Inverse Fourier Transform is given by 

1 f" . h(t) =- H(w)e'w' dw. 
2;r ;r 

10.2.2 Peridogram And Auto- Spectrum: 

Let us consider a finite series uG) of length T = N ~t 
where N = number of data 

~t = the sampling periodicity 

vk = the frequency= k/( N ~t ) 

tj = the time = j ~t 

The Discrete Fourier Transform (DFT) U(k) ofuG) and its inverse (IDFT) for 
finite series are 

U(k) = _!_Iu(j)e-i2mktN 
N J=O 

1 [N-1]/2 

U(j) =- Lu(k)e-i27fikiN 
N k=[N/2] . 

where k € [-[N/2], [(N-1)/2] and j = 0, ... , N-1 

10.3 

10.4 

Equation (10.3) can only be an approximation of the corresponding real 
quantity, since it provides only for finite set of discrete frequencies. The 
quantity 

Pu(k) = IU(k)l
2 

is the Power Spectrum and its estimators is 'Schuster's 

Periodogram' 



[N-1] 

Pu(k) = M Iruu(J)e-i2t<lk/N 
J;-[N-1] 

[N-1] 2JTJk 
=M I Yuu(J)Cos-

J;-[N-1] N 

where, r uu ( -J) = Yuu ( J) 

(N-J) 
N-1 I [{u(J)-u}{u(J+J)-u}] 

J;-(N-J) 
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10.5 

and r uu ( J) is the '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'. 

A N-1 2JTJk 
Su(k)=f::.t L wM(J)y

1111
(J)Cos-

J;-(N-I) N 
10.6 

Since Pu(k) and Yu(J) are related by DFT, equation(I0.6)'can also be written as 

A [N-1/2] 

Su(k)=M IPu(k 1)WM,(k-k1
) 10.7 

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 M1 = 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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10.2.3 Cross Spectrum: 

Cross Spectrum is obtained by substituting the Cross-Covariance Function in 
equation (1 0.6) for the Autocovarience Function. Thus, if we have two time 
series u1(J) and u2 (J) and their Cross Covariance Function y22 (J) = y22 ( -J), the 
Cross Spectrum is 

" N-1 
s12 (k) = M L w (J)yl2 (J)e-i2Jdkl N 

J=-(N-1) 

1\ 1\ 

= c12 (k)- i Q12 (k) 10.8 

1\ 1\ 

The real part C 12 ( k) is the 'Cospectrum' and the imaginary Q 12 ( k) the 

'Quadrature Spectrum" 
Here the Coherence Spectrum is 

10.9 

and the 'Phase Spectrum' is 

10.10 

Again the 'Gain Spectrum' is 

" is12"(k)l 
G12(k) = -'-"-----'- 10.11 

S1(k) 
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10.3 Univariate Periodograms Nature and Significance: 

The Univariate Periodograms for income growth (Y) and Export Growth (X) 
are given by the Figures 10.1-10.2. The Figures 10.3-10.4 provide the 
corresponding 'Univariate Periodograms' by periods. 
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Figure-10.3 

Periodogram of VAR00001 by Period 

S.OE-1 

O.OEOI~~----------------------------------------~------------------

1.0E1 2.0E1 3.0E1 4.0E1 5.0E1 

Period 

Figure-10.4 

Periodogram ofVAR00002 by Period 

S.OE-1 

O.OEu~-~------------------------------------------~-----------------

1.0E1 2.0E1 3.0E1 4.0E1 5.0E1 

Period 



::
"iii 

s:::: 
C1> c 

.;::-

5.0E-1 

O.OEO 

2.5EO 

2.0E 

1.5E 

·c;; 1.0EO 
s:::: 
~ 

5.0E-1 

O.OEO 

0.0 

0.0 

123 

Figure-10.5 

Spectral Density of VAR00001 by Frequency 

0.1 0.2 0.3 0.4 0.5 

Frequency 

Window: Parzen (5) 

Figure-10.6 

Spectral Density of VAR00002 by Frequency 

0.1 0.2 0.3 0.4 0.5 

Frequency 

Window: Parzen (5) 
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Figures 10.1-10.2 indicate that 

the periodograms are almost horizontal straight lines without any noticeable 
periodicity. These periodograms, therefore, testify for 'almost uniform' 
decomposition of variance in Y and X across different frequencies. 

These periodograms, in tum, also indicate almost unform' decomposition o 
variances in Y and X across different periods. This is substantiated by the 
nature of periodograms of Y and X (across periods) as given by the Figures 
10.3-10.4 .. These Figures 10.5-10.6, therefore, testify for 'stationarity' ofY and 
X in view of the fact that variances of the variables concerned remained 
constant over time (time invariant variance) during the period of over study. 
These exist no 'deterministic' or 'stochastic' trends in the variables concerned. 

10.4 Spectral Density Representations: Nature and Significance: 

Figures 10.5-10.6 present the 'Spectral Density by Frequency' for Y and X 
respectively. These figures also indicate that each Spectral Density' is free 
from any noticeable 'periodicity. Absence of sharp peak in the spectral 
densities concerned indicates that the univariate spectral structural of the 
variables (y and X) do not exhibit any cyclical behavior. 

:€;' 
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c ., 
c 

Figure-10.7 

Spectral Density of VAR00001 by Period 
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The corresponding 'Spectral Densities by period' for Y and X are given by the 
Figures 10.7 and 10.8. These figures also exhibit absence of 'periodicity' in the 
'Spectral Densities' concerned. These findings confirm the incidence of 
statistically insignificant auto-regressive structures for the endogenous 
variables ( Y and X) in the VAR Model studied in chapter-5. 

10.5 The 'Cospectral Density by Frequency' For Income Growth (Y) and 
Export Growth(X): 

The 'Cospectral Density by Frequency' for Y and X is given by the Figure- I 0.9 
Fi ure-10.9 
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The 'Cospectral Density' 

(i) is not a horizontal straight line 

(ii) is marked by the presence of structural ups and downs 

(iii) contains a singular sharp peak at frequency 0.25 (approx) 

Figure-10.10 

Cospectral Density of VAR00001 and VAR00002 by Period 
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The Cospectral Density by period for these variables as given by the Figure-
10.10 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 ofY and X over the period of time 

(ii) the co-movement is marked by some 'periodicities' 

(iii) ther did exist a dominant periodicity at period 3 (approx). 

All these observations confirm that Y and X are 'cointegrated' and the long
run relationship between these variables is 'Stable'. 
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10.6 'Coherency Spectrum' For Y and X: 

The 'Coherency Spectrum' by Frequency between Y and X is being presented 
through Figure-10.11 while the Figure-10.12 presents the corresponding 
'Coherency Spectrum' by period. The 'Spectrum' in Figure-10.11 shows that 
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(i) the 'coherency' for the variables Y and X is as high as 0.55 for at frequency 
0.4 

(ii) the 'Coherency' is 0.5 (approx) at frequency-0.25 

The 'Spectrum' in Figure- I 0.12 correspondingly shows that 

(i) the 'Coherency' is as high as 0.55 at period 2 and 

(ii) the 'Coherency' is 0.5 (approx) at period 3. 

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 the 'periodicity' at frequency 0.25 or at period 
3. 

10.7 'Gain Spectrum' For Y and X: 

The 'Gain Spectrum' for Y and X by frequency is given by the Figure-10.13. 
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The 'Gain Spectrum' shows that 

(i) the 'Gains' ofY (Income Growth) from X (Export Growth) from Y (Income 
Growth) lies Over the 'Gains' of X from Y across all the frequency levels. 

(ii) the 'Gain' ofY from X is also very significant at frequency 0.40 

All these observations confirm that 

(i) the contribution of variations in X (Export Growth) to variations in Y 
(Income Growth) was higher than that of Y (Income Growth) to X (Export 
Growth) at all frequency levels and therefore, 

(ii) there did exist 'Uni-directional Granger Causality' from Export Growth 
to Income Growth over the period of our study across all the frequency levels. 

10.8 'Phase Spectrum' for Y and X: 

The 'Phase Spectrum' for Y and X is being presented through the Figure-10.14. 
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The 'Phase Spectrum' shows that 

the phase difference Q12(k) is negative over almost all the frequency levels ( 
barring frequency range 0.1-0.3). 'Export Growth', therefore, was in 'lead' 
positions and 'Income Growth' was in lag position across almost all the 
frequency levels. However, the lagged position of Economic Growth implies 
that Export Growth favorably affected Economic Growth. 

These observation indicates that variations in Export Growth occurred first and 
such variations then led to variations in Income Growth. Consequently, the 
'Unidirectional Causality 'from 'Export Growth' to 'Income Growth' is further 
established. 

10.9 Overview of Findings from the Spectral Analysis: 

In this 'Spectral Analysis 

(i) 'Univariate Periodograms' for Y and X, confirm that Y and X are 
'Stationary' i.e, Y- I (0) and X- I (0) 

(ii) 'Auto Spectra' confirm absence of periodicity in Y and X across all 
frequency levels and the incidence of statistically insignificant auto-regressive 
structure for the endogenous variables in the VAR model studied in chapter-5 

(iii) the 'Cospectrum 'for Y and X exhibit 'periodicity' at frequency 0.25. This 
confirms that Y and X are 'Cointegrated' and the long-run relationship 
between Y and X is 'Stable ' 

(iv) the 'Coherence Spectrum' for Y and X 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 
'Unidirectional Granger Causality' from Export Growth to Economic Growth 
over the period of study. 

(vi) the 'Phase Spectrum 'for the variables further confirms that Export Growth 
'Granger Caused' Economic Growth in the economy of Sri Lanka over the 

period of study. 
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CHAPTER-11 

SUMMARY AND CONCLUSION 

11.1 Introduction: 

The relationship between economic growth and export growth has been studied 
for the economy of Sri Lanka over the period 1970-2005 in chapter-4 through 
chapter-10. A summary of the main findings on different aspects of such 
relationship is being presented below. 

11.2 Stationarity: 

It has been observed in chapter-4 that 

(i) both income growth (Y1) and export growth (X1) series are stationary at 
level. So Y1 ~ 1(0) and X1 ~ 1(0). 

(ii) both the series are free from any deterministic trend, and 

(iii) both the series do not contain any structural shift. 

11.3 Long-Run Relationship: 

Income growth (Y1 ) and export growth (X1) being stationary, there did exist 
long-run relationship between them. 

11.4 Stability of the Lou-Run Relationship: 

It has been observed in chapter-S that in the economy of Sri Lanka over the 
period 1970-2005. 

(i) the long-run relationship, that economic growth maintained with export 
growth, was stable. The shocks, transmitted through income growth channel, 
had no significant dis-stabilizing impact on the long-run relationship. 
Consequently, the short-run dynamics of income growth defined an 
'equilibrium' process. 

(ii) the long-run relationship, that export growth maintained with income 
growth, was stable. The shocks, transmitted through export growth channel, 
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failed to exert any appreciable impact on the long-run relationship. 
Consequently, the short-run dynamics of export growth defined a 'stable 
equilibrium process'. 

(iii) there did exist 'Uni-directional' short-run Granger Causality runningjrom 
export growth to income growth. 

(iv) income growth, consequently, failed to Granger cause export growth in the 
short-run. Income growth emerged as an exogenous variable in the equation 
(5.2) for export growth. 

11.5 Causal Relation: 

The findings in our study with the V AR Model in Chapter 6 indicate that in the 
economy of Sri Lanka over the period of study 

(i) economic growth Granger Caused export growth, 

(ii) export growth failed to Granger Cause economic growth. 

Consequently, the economy of Sri Lanka was marked by the presence of 'Uni
directional Causality' runningjrom economic growth to export growth over the 
period 1970-2004. 

11.6 Findings from the Study of Impulse Response Functions: 

It is observed from the findings in Sec. 7.3- 7.9 that 

(i) export shocks were the predominant cause behind the short-run variations in 
export growth. 

(ii) export shocks generated significant short-run variations in income growth 

(iii) the shocks, transmitted through export growth seemed to distort the 
equilibrium base of economic growth. Consequently, export shocks were long
lived for economic growth. 
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(iv) shocks transmitted through the channels of economic growth and export 
growth jailed to change the equilibrium base of export growth. Consequently, 
for export growth both these shocks were short-lived. 

11.7 Findings from the Study of Variance Decomposition: 

It is observed in Sees 8.3-8.5 that 

(i) export shocks were more important than income shocks in accounting for 
short-run variations in export-growth 

(ii) export shocks were Jess important than income shocks in accounting for 
short-run variations in income growth. 

These two observations also testify for no causal relationship between export 
growth and income growth in the economy of Sri Lanka over the period 2006-
2025. 

11.8 Findings from the Study of Spectral Analysis: 

In the 'Spectral Analysis 

(i) 'Univariate Periodograms' for Y and X, confirm that Y and X are 
'Stationary' i.e, Y- I (0) arid X- 1(0) 

(ii) 'Univariate Spectra' confirm absence of periodicity in Y and X across all 
frequency levels and the incidence of statistically insignificant auto-regressive 
structure for the endogenous variables in the VAR model studied in chapter-5 

(iii) the 'Cospectrum 'for Y and X exhibit 'periodicity' at frequency 0.25; This 
confirms that Y and X are 'Cointegrated' and the long-run relationship 
between Y and X is 'Stable' 

(iv) the 'Coherence Spectrum' for Y and X 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 
'Unidirectional Granger Causality' from Export Growth to Economic Growth 
over the period of study. 

(vi) the 'Phase Spectrum' for the variables further confirms that Export Growth 
'Granger Caused' Economic Growth in the economy of Sri Lanka over the 

period of study. 
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11.9 Concluding Remarks: 

The study confirms 'Unidirectional Causality' running from economic growth 
to export growth in the economy of Sri Lanka over the period 1970-2005. The 
Impulse Response Functions study also testifies for the fact that responses of 
economic growth to impulses, transmitted through export growth, were 
significant. Moreover, export shocks also exert significant impact on the long
run equilibrium value of economic growth. All these observations highlight the 
importance of export growth in the matter of economic growth in the economy 
of Sri Lanka over the period 1970-2005. 

The Variance Decomposition study shows that economic growth is expected to 
cause variation in export growth in years to come. In Variance Decomposition 
analysis we have a 20 period ahead forecast. Consequently, we get the forecast 
error variance for next twenty tears. Export shocks have been found to account 
for declining proportion of such variance with the passage of time. By 2025 
export shocks would account for 21% of total variations in income growth. By 
2025 income shocks would account for 12% of total variations in export 
growth. This hints at low importance of export growth and low importance of 
economic growth for each other in the economy of Sri Lanka in future. , 

The South Asian developing country Sri Lanka has promoted export as a means 
for enhancing economic growth, in course of its a struggle for reforming 
domestic economy, removing or simplifying import restrictions, ensuring 
political stability, encouraging investment and alleviating poverty, which 
should also improve output and lead, in time, to further promotion of export. Sri 
Lanka has experienced increases in exports, national output and capital 
formation, along with some volatile terms of trade, which, in conjunction with 
the country's development plans, would suggest that dynamic links should exist 
between exports, national output , capital formation and terms of trade. The 
commonly used Granger-causality tool reveals the expected causal links. 
Export, either directly or indirectly via auxiliary variables, is causally linked 
with economic out put. 

The importance of capital formation and terms of trade in bringing about the 
observed causal feedback between exports and output is a key outcome. 
Consequently, despite our finding of causal links between exports and output, 
our results should not be interpreted as indicating definitive support for an 
"export-led growth" strategy; i.e., as support for the stance that export is an 
essential determinant of economic growth for all the member countries of the 
SAAR C. 
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