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ABSTRACT 

 

This dissertation presents three essays about the evolution and relation of SAARC 

countries’ agricultural production. Essay 1 (discussed in Chapter 2) examines the evolution of 

agricultural production in three SAARC countries: Bangladesh, India and Pakistan. The 

selection of these countries is based on their agricultural economic importance to the region, 

as they represent about 80% of the agricultural economy. The unobserved components model 

is used to decompose the per capita agricultural production of each country, and investigate 

the relationship of each component among these countries. The time period for the study is 

1961–2010, and the FAO’s statistical data set is used. The smooth trend plus stochastic cycle 

methodology of Koopman et al. (2009) are used to estimate the model by maximum 

likelihood. The empirical results clearly demonstrate that India is positively correlated with 

Bangladesh in irregular components, but moderately correlated with Pakistan in growth. 

Finally, there is evidence of a stronger correlation between the three countries in short cycles 

than in long cycles. 

Essay 2 (discussed in Chapter 3) comprises two sections, in which section 3.1 investigates 

the short-term and long-term relationships as well as regime-switching behavior across the 

per capita agricultural production of Bangladesh, India and Pakistan, using vector error 

correction model (VECM) and Markov-switching VECM model (MS-VECM). This section 

used the same data set which is used in Essay 1. The empirical results confirm the existence 

of two long-term cointegrating vectors between the variables under consideration and 

demonstrate that an unexpected shock to the respective log per capita agricultural production 

of India and Pakistan causes transitory impacts. On the other hand, an unexpected shock to 

the log per capita agricultural production of Bangladesh causes a permanent disequilibrium in 

all variables. Finally, MS-VECM model has shown two volatility regimes (i.e. low and high 
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volatility). The Markov-switching impulse responses have indicated that: (i) agricultural 

production adjustments in the first regime are smoother than those in the second regime, and 

(ii) these adjustments are faster in the case of a shock to the agricultural production of 

Pakistan than to the agricultural production of either Bangladesh or India. Section 3.2 

investigates the dynamics of cross-country per capita agricultural production growth and 

volatility spillovers between Bangladesh, India, and Pakistan. This section uses per capita 

agricultural production data for the period from 1961 to 2012, obtained from the FAO’s 

statistical database, to construct and estimate a multivariate generalized autoregressive 

conditional heteroskedasticity (MGARCH) model. The MGARCH model is estimated 

utilizing the maximum likelihood method. The volatility impulse response functions (VIRF) 

are also applied to quantify the effects of independent shocks on expected conditional 

volatility. The model provides good statistical fit and the empirical results indicate significant 

cross-country per capita agricultural production volatility spillovers among these countries. 

Essay 3 (discussed in Chapter 4) comprises three sections. Since it is overwhelming 

recognized that energy is an important factor for the development of economic growth, this 

chapter examines the interaction between energy consumption and economic growth. In 

particular, section 4.1 examines the dynamic relationship between energy consumption and 

the three major sectoral outputs (agricultural, manufacturing and service) in 13 south and 

south-east Asian countries (i.e. Bangladesh, India, Nepal, Pakistan, Sri Lanka, Indonesia, 

Malaysia, the Philippines, Thailand, Singapore, Brunei Darussalam, Myanmar and Vietnam) 

using a panel data framework for the period 1971–2012. Besides, SAARC and ASEAN 

countries were selected since they are geographical neighbors. It undertakes panel 

cointegration analysis to investigate the long-run relationship between the variables. In 

addition, the panel vector error correction model (VECM) and impulse response functions 

(IRFs) are employed to examine the short- and long-run direction of causality and the effect 
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of responses between energy consumption and the three sectoral outputs. The empirical 

results reveal that the long-run equilibrium relationship between energy consumption and the 

three sectoral outputs is positive and statistically significant, indicating the existence of long-

run co-movement among the variables. The short- and long-run causality results support the 

existence of bidirectional causality between energy consumption and the three sectoral 

outputs, with the exception of the short-run causality between energy consumption and 

service sector output, which is unidirectional, running from service sector output to energy 

consumption. The IRFs show that the shocks of all the variables reach the equilibrium level 

within three to seven years from the initial shock. 

Sections 4.2 and 4.3 investigate the dynamic relationships between energy consumption 

and economic growth in nine south and south-east Asian countries (i.e. Bangladesh, Brunei 

Darussalam, India, Indonesia, Malaysia, Pakistan, the Philippines, Sri Lanka, and Thailand) 

using a panel data framework. The period for the study is 1990–2012, and the World Bank 

Development Indicators data set is used. Since the unit root tests evidenced mixed results, 

this dissertation uses both panel vector autoregression (VAR) and panel vector error 

correction model (VECM) methods to investigate the relationship between the variables. In 

addition, Granger causality tests and impulse response functions (IRFs) are employed to 

examine the direction of causality and the effect of responses between the variables. The 

panel cointegration analysis reveals that the long-run equilibrium relationship between real 

gross domestic product, energy consumption, real fixed capital formation and the total labor 

force are positive and statistically significant, indicating the existence of long-run co-

movement among the variables. The panel Granger causality results evidence bidirectional 

causality effects between energy consumption and economic growth, which supports the 

feedback hypothesis, meaning that these variables have strong interdependency. The short- 

and long-run causality results (derived from the panel VECM) support the growth hypothesis 
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in which unidirectional causality runs from energy consumption to economic growth, 

meaning that the economy of these countries is energy dependent. The IRFs show that the 

shocks of all the variables require a long period to reach the equilibrium level and the greatest 

response of each variable is attributed to its own shock. 
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ΠΕΡΙΛΗΨΗ 

 

Η παρούσα διατριβή παρουσιάζει τρία δοκίμια σχετικά με την εξέλιξη και τη σχέση της 

αγροτικής παραγωγής των χωρών της SAARC. To Δοκίμιο 1 (Κεφ. 2), εξετάζει την εξέλιξη 

της αγροτικής παραγωγής τριών χωρώντης SAARC: του Μπαγκλαντές, της Ινδίας καιτου 

Πακιστάν. Η επιλογή των χωρών αυτών βασίζεται στη σημασία της αγροτικής τους 

οικονομίαςγια την ευρύτερη περιοχή, καθώς αντιπροσωπεύουν περίπου το 80% αυτής. Το 

μοντέλο μη παρατηρημένων συστατικών χρησιμοποιείται για να αποσυντεθεί η κατά 

κεφαλήν αγροτική παραγωγή της κάθε χώρας, και να διερευνηθεί η σχέση του κάθε 

συστατικού μεταξύ των χωρών αυτών. Η χρονική περίοδος που χρησιμοποιείται στη μελέτη 

είναι 1961-2010, και τα στοιχεία ελήφθησαναπό τις βάσεις δεδομένων του FAO. Η 

μεθοδολογία ομαλής τάσηςκαι στοχαστικού κύκλουτου Koopman et al. (2009) 

χρησιμοποιείται για την εκτίμηση του υποδείγματος μέγιστηςπιθανοφάνειας. Τα εμπειρικά 

αποτελέσματα έδειξαν σαφήθετική συσχέτιση μεταξύ Ινδίαςκαι Μπανγκλαντές σε μη-

κανόνικα συστατικά, αλλά μέτρια συσχέτιση μεταξύ Ινδίας και Πακιστάν ως προς την 

ανάπτυξη. Τέλος, υπάρχουν στοιχεία που να υποστηρίζουν ισχυρότερη συσχέτιση μεταξύ 

των τριών χωρών σε σύντομους κύκλους από ότι σε σχέση με μεγάλους κύκλους ζωής. 

Το Δοκίμιο 2 (Κεφ. 3) αποτελείται από δύο ενότητες, η ενότητα 3.1 διερευνά τις 

βραχυπρόθεσμες και μακροπρόθεσμες σχέσεις, καθώς και τη συμπεριφορά αλλαγής 

καθεστώτος σε ολόκληρη την αγροτική παραγωγή ανά κάτοικο του Μπαγκλαντές, της Ινδίας 

και του Πακιστάν, χρησιμοποιώντας μοντέλο διορθωτικούδιανύσματος σφάλματος με πίνακα 

(VECM) και εναλλαγές-Markov VECM (MS-VECM). Στην ενότητα αυτή χρησιμοποιείται 

το ίδιο σύνολο δεδομένων το οποίο χρησιμοποιείται και στο Δοκίμιο 1. Τα εμπειρικά 

αποτελέσματα επιβεβαίωσαν την ύπαρξη των δύο διανυσμάτων 

μακροπρόθεσμηςσυνολοκλήρωσης μεταξύ των υπό εξέταση μεταβλητών και απέδειξαν ότι 



ix 

 

ένα μη αναμενόμενο σοκ στην αντίστοιχη κατά κεφαλήν αγροτική παραγωγή της Ινδίας και 

του Πακιστάν προκαλεί παροδικές επιπτώσεις. Από την άλλη πλευρά, ένα μη αναμενόμενο 

σοκ στην αγροτική παραγωγή ανά κάτοικο του Μπανγκλαντές προκαλεί μόνιμη ανισορροπία 

σε όλες τις μεταβλητές. Τέλος, το MS-VECM μοντέλο έχει δείξει δύο καθεστώτα 

μεταβλητότητας (π.χ. χαμηλή και υψηλή μεταβλητότητα). Οι συναρτήσεις αντίδρασης με 

εναλλαγές-Markovέδειξαν ότι, (i) οι προσαρμογές της αγροτικής παραγωγής κατά το πρώτο 

καθεστώς είναι ομαλότερες από εκείνεςκατά το δεύτερο καθεστώς, και (ii) αυτές οι 

προσαρμογές είναι ταχύτερες σε περίπτωση σοκ στην αγροτική παραγωγή του Πακιστάν 

παρά στηναγροτική παραγωγή είτε του Μπαγκλαντές είτε της Ινδίας. Η Ενότητα 3.2 

διερευνά,κατά χώρες, τη δυναμική τηςανάπτυξης της κατά κεφαλήν αγροτικής παραγωγής 

καιτη διάχυση της μεταβλητότητας μεταξύ του Μπαγκλαντές, της Ινδίας και του Πακιστάν. 

Το τμήμα αυτό χρησιμοποιεί στοιχεία της κατά κεφαλήναγροτικής παραγωγής για την 

περίοδο 1961-2012, που λαμβάνονται από στατιστικές βάσεις δεδομένων του FAO, για να 

κατασκευάσει και να εκτιμήσει ένα πολυπαραγοντικό,αυτοπαλίνδρομομοντέλο υπό συνθήκη 

ετεροσκεδαστικότητας (MGARCH). Το μοντέλο MGARCH εκτιμάται χρησιμοποιώντας την 

μέθοδο μέγιστης πιθανοφάνειας. Οι συναρτήσεις αντίδρασηςτης μεταβλητότητας (VIRF) 

εφαρμόζονται επίσης για την ποσοτικοποίηση των επιδράσεων των ανεξάρτητων σοκ στην 

αναμενόμενη μεταβλητότητα υπό συνθήκη. Το μοντέλο εμφανίζει καλή στατιστική 

προσαρμογή και τα εμπειρικά αποτελέσματα δείχνουν σημαντική διάχυση μεταβλητότητας 

της κατά κεφαλήν αγροτικής παραγωγής μεταξύ των χωρών αυτών. 

Το Δοκίμιο 3 (Κεφ. 4) αποτελείται από τρία τμήματα. Εφόσον αναγνωρίζεται καθολικά ότι 

η ενέργεια αποτελεί σημαντικό παράγοντα για την οικονομική ανάπτυξη, το κεφάλαιο αυτό 

εξετάζει την αλληλεπίδραση μεταξύ της κατανάλωσης ενέργειας και της οικονομικής 

ανάπτυξης. Συγκεκριμένα, η ενότητα 4.1 εξετάζει τη δυναμική σχέση μεταξύ της 

κατανάλωσης ενέργειας και των τριών κύριων τομέων παραγωγής (αγροτική, βιομηχανική 
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και υπηρεσίες) σε δεκατρείςχώρες της Νότιας και Νοτιοανατολικής Ασίας (Μπαγκλαντές, 

Ινδία, Νεπάλ, Πακιστάν, Σρι Λάνκα, Ινδονησία, Μαλαισία, Φιλιππίνες, Ταϊλάνδη, 

Σιγκαπούρη, Σουλτανάτο του Μπρουνέι, Μιανμάρ και Βιετνάμ) με χρήση δεδομένων-panel 

για την περίοδο 1971-2012. Εκτός των χωρώντης SAARC, οι χώρες της ASEAN 

επελέγησανως γειτονικές χώρες. Χρησιμοποιείται ανάλυση συνολοκλήρωσηςpanel για τη 

διερεύνηση της μακροχρόνιας σχέσης μεταξύ των μεταβλητών. Επιπλέον, το μοντέλο 

διορθωτικού διανύσματος σφάλματος με πίνακα (VECM) και οι συναρτήσεις αντίδρασης 

(IFRs) χρησιμοποιούνται για να εξετάσουν τις βραχυπρόθεσμες και μακροπρόθεσμες 

κατευθύνσεις της αιτιότητας και τις επιδράσεις των αντιδράσεων μεταξύ της κατανάλωσης 

ενέργειας και των τριών τομέωνπαραγωγής. Τα εμπειρικά αποτελέσματα δείχνουν ότι η 

μακροχρόνια σχέση ισορροπίας μεταξύ της κατανάλωσης ενέργειας και των τριών τομέων 

παραγωγής είναι θετική και στατιστικά σημαντική, υποδεικνύοντας την ύπαρξη 

μακροπρόθεσμης παράλληλης κίνησης μεταξύ των μεταβλητών. Τα αποτελέσματα 

βραχυπρόθεσμης και μακροπρόθεσμης αιτιότητας υποστηρίζουν την ύπαρξη της αμφίδρομης 

αιτιότητας μεταξύ της κατανάλωσης ενέργειας και των τριών τομέωνπαραγωγής με την 

εξαίρεση της βραχυχρόνιας αιτιότητας μεταξύ της κατανάλωσης ενέργειας και του τομέα των 

υπηρεσιών, η οποία είναι μονής κατεύθυνσης,από την παραγωγή του τομέα των υπηρεσιών 

στην κατανάλωση ενέργειας. Οι συναρτήσεις αντίδρασης δείχνουν ότι τα σοκ όλων των 

μεταβλητών φθάνουν το επίπεδο ισορροπίας εντός τριών έως επτά ετών από το αρχικό σοκ. 

Οι ενότητες 4.2 και 4.3 διερευνούν τις δυναμικές σχέσεις μεταξύ της κατανάλωσης 

ενέργειας και της οικονομικής ανάπτυξης σε εννέα χώρες της Νότιας και Νοτιοανατολικής 

Ασίας (δηλαδή, το Μπαγκλαντές, το Σουλτανάτο του Μπρουνέι, την Ινδία, την Ινδονησία, τη 

Μαλαισία, το Πακιστάν, οι Φιλιππίνες, η Σρι Λάνκα, και την Ταϊλάνδη) με τη χρήση ενός 

πίνακα δεδομένων πλαισίου. Η μελέτη καλύπτει την περίοδο 1990-2012 και χρησιμοποιεί 

δεδομένα από τους Δείκτες Ανάπτυξης της Παγκόσμιας Τράπεζας. Δεδομένου ότι οι έλεγχοι 
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μοναδιαίας ρίζας και η ανάλυση συνολοκλήρωσηςέδωσαν ανάμεικτα αποτελέσματα, η 

διατριβή κάνειχρήση τόσο μεθόδων διανύσματοςαυτοπαλινδρόμησης (VAR) όσο 

καιμεθόδων που βασίζονται σε μοντέλα διορθωτικού διανύσματος σφάλματος με πίνακα 

(VECM), για τη διερεύνησητης σχέσης μεταξύ των μεταβλητών. Επιπλέον, 

χρησιμοποιούνται οι έλεγχοι αιτιότητας κατά Granger και οι συναρτήσεις αντίδρασηςγια να 

εξεταστούνοι κατευθύνσειςαιτιότητας και τααποτελέσματα της αντίδρασηςμεταξύ των 

μεταβλητών. Η ανάλυση της συνολοκλήρωσηςpanel αποκαλύπτει ότι η μακροχρόνια σχέση 

ισορροπίας μεταξύ πραγματικού ακαθάριστου εγχώριου προϊόντος, κατανάλωσης ενέργειας, 

πραγματικού σχηματισμού παγίου κεφαλαίου και του συνολικού εργατικού δυναμικού είναι 

θετική και στατιστικά σημαντική, ένδειξη της ύπαρξης μακροπρόθεσμης παράλληλης 

κίνησης μεταξύ των μεταβλητών. Τα αποτελέσματα του πίνακα αιτιότητας κατά Granger 

αποδεικνύουν αμφίδρομη επίδραση αιτιότητας μεταξύ της κατανάλωσης ενέργειας και της 

οικονομικής ανάπτυξης, η οποία υποστηρίζει την υπόθεση ανάδρασης, πράγμα που σημαίνει 

ότι αυτές οι μεταβλητές έχουν έντονη αλληλεξάρτηση μεταξύ τους. Τααποτελέσματα 

βραχυπρόθεσμης και μακροπρόθεσμης αιτιότητας (που προέρχονται από τον πίνακα VECM) 

υποστηρίζουν την υπόθεση της ανάπτυξης, στην οποία η μονόδρομη αιτιότητα υφίσταται από 

την κατανάλωση ενέργειας στην οικονομική ανάπτυξη, που σημαίνει ότι η οικονομία των 

χωρών αυτών εξαρτάται από την ενέργεια.Οι συναρτήσεις αντίδρασης δείχνουν ότι οι κρίσεις 

του συνόλου των μεταβλητών απαιτούν μια μακρά περίοδο για να επιτευχθεί το επίπεδο 

ισορροπίας και η μέγιστη απόκριση της κάθε μεταβλητής οφείλεται στο δικό της σοκ. 
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CHAPTER 1 

 

INTRODUCTION 

 

1.1 Socioeconomic profile of SAARC countries 

The South Asian Association for Regional Cooperation (SAARC) is comprised of eight 

member countries, namely Afghanistan, Bangladesh, Bhutan, India, Maldives, Nepal, 

Pakistan and Sri Lanka. SAARC region is the home to about 1,642 million people, which is 

about 24% of global population. Compared to the share of global population, the share of the 

SAARC region in global land and water resources is much lower. The SAARC region covers 

about 4% of the world geographic area. Due to the high density of population, the share of 

the SAARC region in global arable land is much higher than the global average, which is 

about 15%. Most of these South Asian countries are primarily agricultural and are considered 

as lower-income or lower-middle-income countries. Agriculture has always been an 

important resource for the economy of SAARC countries, and is the primary source of 

employment for the majority of the SAARC countries. Those countries which are not directly 

dependent on the agricultural sector rely on it indirectly for their other needs. The World 

Bank (WB), Asian Development Bank (ADB), Food and Agricultural Organization (FAO) 

and other organizations evidently signify the above proposition. In general, agricultural 

growth in the SAARC countries positively contributes towards overall economic 

development of this region. Hence, it is obvious that sustainable development of the SAARC 

countries is linked with the agricultural sector. The important socioeconomic profile of 

SAARC countries is presented in Table 1.1.  
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Table 1.1: Important socio-economic profile of SAARC countries 

Characteristics Period Afghanistan Bangladesh Bhutan India Maldives Nepal Pakistan Sri Lanka 

Total surface area (000 km2) 2011 652.86 148.46 38.39 3287.26 0.30 147.18 796.10 65.61 

Total population (million) 2013 27.5 154.7 0.733 1229 0.4345 27.34 181.7 20.5 

Per capita income (US$) 2013 700 900 2460 1570 5600 730 1380 3170 

Rural population (%) Latest 77.1 

(2013) 

72.7 

(2013) 

66 

(2012) 

69.5 

(2013) 

59.5 

(2010) 

83 

(2011) 

66.3 

(2013) 

81.7 

(2012) 

Share of agriculture in GDP (%) Latest 28.8 

(2010) 

16.3 

(2013) 

17.5 

(2010) 

18.4 

(2013) 

3.9 

(2013) 

33.9 

(2013) 

25.1 

(2013) 

10.8 

(2013) 

Share of agriculture in workforce 

(%) 

Latest 69.6 

(1990) 

47.5 

(2010) 

56.3 

(2013) 

47.2 

(2013) 

4.3 

(2010) 

76.1 

(2000) 

43.7 

(2013) 

29.7 

(2013) 

Growth rates of agriculture real 

value added (%) 

Latest 3.3 

(2012) 

2.5 

(2013) 

3.4 

(2012) 

4.6 

(2013) 

1.7 

(2013) 

1.1 

(2013) 

2.9 

(2013) 

4.7 

(2013) 

Poverty (%) (Income below $2 

(PPP) a day) 

Latest 53 

(2003) 

76.5 

(2010) 

12.6 

(2012) 

68.8 

(2010) 

12.2 

(2004) 

57.3 

(2010) 

60.2 

(2008) 

23.9 

(2010) 

Agricultural land use (% of land 

area) 

2011 58.1 70.1 13.5 60.5 23.3 29.7 35.0 41.8 

Note: Per capita income refers to per capita gross national income (GNI). 

Data source: Basic Statistics-2015 and Key Indicators for Asia and the Pacific-2014, Asian Development Bank, available online at www.adb.org 

http://www.adb.org/
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As per the latest estimates presented in Table 1.1, per capita gross national income (GNI) 

in SAARC countries varied between US$700 in Afghanistan and US$5,600 in Maldives. The 

SAARC region is one of the most densely populated regions in the world and the livelihoods 

of millions of people in this area depend principally on agriculture. The percentage 

population of SAARC countries living in rural areas varies between 59.5% in Maldives and 

81.7% in Sri Lanka. The share of agricultural workforce to the total workforce is also high, 

varying between 29.7% in Sri Lanka and 76.1% in Nepal, with the exception of Maldives 

which is 4.3%. With the exception of Maldives, the agricultural contribution to GDP varies 

between 10.8% in Sri Lanka and 33.9% in Nepal. The agricultural share of GDP for the 

island country Maldives is 3.9%. At present, poverty is the main problem in the SAARC 

countries. SAARC countries comprise about 24% of global population; however, their share 

of global income is only about 2.62%, which is extremely low. Although during the l990s, 

the SAARC countries achieved much improvement in human development as well as in 

agricultural development, this progress has neither been adequate nor equitable in lifting the 

region’s half a billion people out of poverty. As a result, the proportion of population living 

under the poverty level (income below $2 (PPP) a day) is reasonably high. The proportion of 

population living in poverty varies from 12.2% in Maldives to 76.5% in Bangladesh. 

1.2 Objectives of the dissertation 

Taking into consideration the above-mentioned socioeconomic profile, the present 

dissertation is setting its objective as contributing to the literature by estimating various 

models that discover the evolution, growth, and interdependency of volatility spillovers and 

relationships between the agricultural production of SAARC countries. In particular, six 

different multivariate models: unobserved components (UC) model, vector error correction 

(VECM) model, Markov-switching vector error correction (MS-VECM) model, generalized 

autoregressive conditional heteroskedasticity (GARCH) model, panel vector autoregression 
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(panel VAR) model, and panel vector error correction (panel VECM) model) are used to 

furnish the three essays related to this dissertation. 

First, the UC model is used to examine the evolution of agricultural production in the 

SAARC countries. The UC model is chosen in order to: (i) decompose agricultural 

production into trends, irregular and cycles, which it is not possible to observe directly from 

the data set, (ii) investigate the presence of common trends or cycles in the per capita 

agricultural production of SAARC countries, (iii) produce forecasts for the future, and (iv) 

investigate the probable instances of outliers and structural breaks. 

Second, the VECM model is used to investigate the short-run and long-run relationships 

across the per capita agricultural production of SAARC countries. The Markov-switching 

vector error correction model (MS-VECM) is also used to examine the regime-switching 

behavior between the variables under consideration. More specifically, these models are 

selected in order to: (i) determine the number of long-term cointegrating vector and responses 

of transitory and permanent shocks, (ii) investigate the volatility of regimes, duration of the 

regimes and impulse response functions (IRFs), and (iii) examine the causality between the 

agricultural production of the SAARC countries. 

Third, the GARCH model is used to explore the dynamics of cross-country per capita 

agricultural production growth and the interdependency of volatility spillovers in the SAARC 

region. The multivariate GARCH model is to: (i) determine own-country and cross-country 

volatility shocks (ARCH effects), and own-country and cross-country volatility spillovers 

(GARCH effects), and (ii) provide volatility impulse response functions (VIRF). 

Fourth, the panel VECM model is applied to estimate the relationship between the three 

major sectoral outputs (agricultural, manufacturing and service) and energy consumption in 

SAARC and ASEAN countries. SAARC and ASEAN countries were selected since these 

countries are geographical neighbors. In particular, panel cointegration method is used to 
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determine the long-run cointegration among the variables, and the fully modified ordinary 

least square (FMOLS) and dynamic ordinary least square (DOLS) models are used to 

determine the long-run cointegrating vector. The panel VECM is used to determine the 

direction of short- and long-run causality between energy consumption and the major sectoral 

outputs. Finally, panel IRFs are used to provide the effect of responses between the variables. 

Fifth, the panel VAR and panel VECM models are used to examine the relationship 

between energy consumption and economic growth in SAARC and ASEAN countries. Both 

models are used because unit root tests performed on the aforementioned variables revealed 

mixed results with respect to the presence of unit roots in the data. The relationship between 

energy consumption and the total GDP is investigated, since agriculture is the principal 

source of most of these countries’ GDP. In particular, panel VAR model is applied to provide 

IRFs and Granger causality test to determine the direction of causality between energy 

consumption and economic growth. Finally, the panel VECM model provides information 

about the short-run and long-run dynamics between energy consumption and economic 

growth. 

The current dissertation contributes to the existing literature in several ways. This might 

be the first dissertation which uses the following: 

1) The UC, VECM, MS-VECM and MGARCH models to examine the agricultural 

production relations between major SAARC countries. 

2) The panel VECM model to investigate the relationship between energy 

consumption and the three major sectoral outputs (agricultural, manufacturing and 

service) in SAARC and ASEAN countries. 

3) The panel VAR and panel VECM models to investigate the relationship between 

energy consumption and economic growth in SAARC and ASEAN countries. 
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Finally, it can be concluded that this dissertation contributes to the relevant literature 

of the evolution and relation of SAARC countries’ agricultural production by (i) 

employing the time series and panel data models, and (ii) providing new empirical results 

about the agricultural production relations of the SAARC region. 

1.3 Organization of the dissertation 

The remainder of this dissertation is structured as follows. Chapter 2 presents Essay 1 on the 

evolution of SAARC countries’ agricultural production. Chapter 3 presents Essay 2, focusing 

on estimating long-term cointegrating vector, regime-switching behavior and the 

interdependency of volatility spillovers between SAARC countries’ agricultural production. 

Chapter 4 presents Essay 3, focusing on the relationship between energy consumption and 

three major sectoral outputs (agricultural, manufacturing and service) and total GDP, using 

panel data approach. Chapter 5 provides concluding remarks and suggests areas for future 

research. 
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CHAPTER 2 

 

ESSAY 1: Examining the evolution of agricultural production of three SAARC 

countries: Bangladesh, India and Pakistan 

 

2.1  Introduction 

The importance of agriculture is immense. From the primitive times to the present day, it 

has been continuing its pace to support the living being across the globe. It is one of the most 

important sources of occupation for numerous populations. Excess numbers in the labor force 

(inactive, seasonal or hidden labor) are also generally absorbed by the agricultural sector. 

This sector provides not only food for about 7 billion people around the world, but also raw 

materials for the jute, textile, tobacco, sugar and leather industries, among others. In addition, 

it is one of the most important markets for industrial goods such as machinery, fertilizers and 

agro-chemicals. Consequently, it appears that people are still relying on agriculture, 

emphasizing a need to care for this sector. 

The growth in world food production has been faster than population growth over the last 

four decades. As a result, hunger has reduced while per capita agricultural production has 

increased. This situation paves the way to improving nutrition, eradicating poverty and 

achieving sustainable economic growth. Extracting bio-fuel from food grain is a new 

development of the agricultural sector, although this is not exempt from criticism. At present, 

the agricultural sector plays a pivotal role in international trade, transportation, the building 

industry, sources of household income and progressing economies, especially in developing 

countries. A vast number of countries’ GDP is directly influenced by the agricultural sector. 

The countries whose GDP is not directly influenced by the agricultural sector are also 

indirectly relying on this sector to feed their people. Thus, for the balanced development of 

the economy, the agricultural sector is not to be given any less attention. The agricultural 

sector also faces challenges in keeping per capita agricultural production stable. These 
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challenges can trigger increases in population, reductions in arable land, and changes in 

agricultural policies, with an impact on climatic change. These challenges can create 

unexpected consequences for the agricultural growth of the economy. 

On the 8th of December 1985, seven South Asian countries formed the South Asian 

Association for Regional Cooperation (SAARC). The founding member countries of the 

SAARC are Bangladesh, Bhutan, India, the Maldives, Nepal, Pakistan and Sri 

Lanka. At present SAARC has eight member countries since Afghanistan joined the 

organization in 2007. The main objective of SAARC is to boost economic, social, and 

cultural cooperation among the member countries. SAARC consists of about 15% of 

the world’s arable land and has about 24% of the world’s population, which is mostly shared 

by Bangladesh, India and Pakistan. The increase in population is creating obstacles to the 

development of the economy, and also causing a reduction in the three countries’ arable land 

area. A recently published report (http://maplecroft.com/about/news/ccvi.html) ranking 

global climate change states that Bangladesh, India and Pakistan (among others) will be 

extremely affected by the effect of climatic change. Thus, when coping with the agricultural 

challenges of keeping its production growth stable, it is important to assess these three 

countries’ long-term agricultural trends, short-term transitory effects and future forecasts of 

agricultural growth. 

On the basis of these issues, this chapter aims to analyze the evolution of these countries’ 

agricultural production since their economies are mostly agrarian. These three SAARC 

countries have been selected for analyzing the evolution of their agricultural production since 

they represent about 80% of the agricultural economy of the region. The agricultural sector 

constitutes a significant proportion of GDP of the selected countries; for instance, according 

to the CIA world factbook (accessed in 2012), 17.3%, 17.0% and 20.1% of the GDP of 

Bangladesh, India, and Pakistan is shared by the agricultural sector, respectively. Most of the 

http://en.wikipedia.org/wiki/Afghanistan
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population of these three countries lives in rural areas (72%, 70% and 64% of Bangladesh, 

India and Pakistan, respectively). The agricultural sector is considered to be the principal 

source of employment, leading to an economy boom in these three countries which accounts 

for 45%, 53% and 45.1% in Bangladesh, India and Pakistan, respectively. 

The main objective of this chapter is to apply the unobserved components (UC) approach 

to the per capita agricultural production of the aforementioned countries, in view of modeling 

their evolution. The second objective of this chapter is to investigate the presence of common 

trends or cycles in the per capita agricultural production of these three countries. The 

existence of common factors indicates that the variance matrices of the relevant disturbances 

are less than full rank. The presence of common trends refers to co-integration, which implies 

that variables are moving together, i.e. co-integrated, in the long-run; whereas the presence of 

common cycles refers to common features, indicating that variables might converge in the 

short-run. The main advantage of the UC model is that it is a flexible econometric tool that is 

generally used to decompose the evolution of time series data into trends, seasons, cycles and 

irregular components, which is not possible to observe directly from the data set. Trends are 

represented in the long-run direction of the economy, which is known as a “permanent 

component”; cycles represent the fluctuations of the short-run economic activity, which is 

known as a “transitory component.” An irregular component focuses on the nature of the 

unobserved factor. Another advantage of the UC model is that it can easily produce forecasts 

for the future. The prospective instances of outliers and structural breaks can also be 

investigated. 

The stochastic characteristics of this approach provide an important econometric tool for 

performing richer statistical analysis, as well as improving upon traditional interpretations of 

the evolution behavior of the per capita agricultural production of these countries. 

Furthermore, in related literature, there is evidence of a large number of studies examining 
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agricultural production linked to these three SAARC countries. However, there is limited 

evidence of examinations using the UC approach to investigate the per capita agricultural 

production of these countries. The findings of this chapter also strengthen the endeavor to 

extend the econometric application of the structural time series approach to the analysis of the 

evolution of per capita agricultural production in Bangladesh, India and Pakistan. 

The remainder of this chapter is presented as follows. The theoretical background and the 

literature of the study are discussed in subsection 2.2. Subsection 2.3 presents details of the 

methodology of the unobserved components model in a long-run trend, short-run deviation 

(cycles) and irregular components. Subsection 2.4 describes the details of data used in this 

chapter. Subsection 2.5 reports the estimation results of this chapter. Subsection 2.6 discusses 

the results. Finally, subsection 2.7 offers the conclusions of the chapter. 

2.2  Literature review 

The analysis of the evolution of agricultural production has gained attention, especially 

for the countries whose economies are predominantly aided by this sector. There are a wide 

number of studies investigating the evolution of agricultural production in Bangladesh, India 

and Pakistan. For example, Kurosaki (2007) studied how irregular agricultural growth is 

associated with land-use change in these countries. This study mentions that the agricultural 

growth trends of these countries were reversed before and after the 1947 partition: Pakistan 

experienced superior performance before 1947 and India showed improvements after 1947; 

Bangladesh, however, has shown significant growth during recent years. Kurosaki (2003) 

also investigated trends in agricultural productivity in India and Pakistan. This paper reported 

that institutional changes such as the establishment of an irrigation commission, land reforms 

and water treaties, as well as changes in agricultural policy such as the abolition of a fertilizer 

subsidy and integration with the green revolution, have had significant effects on agricultural 

growth in India and Pakistan. Robbani et al. (2007) dealt with how recent agricultural trends 
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and changes in the agricultural environment affected the sustainability of Bangladesh’s 

agriculture, demonstrating that the production of the main crops sub-sector – rice and wheat – 

expanded faster than other minor crops sub-sectors. 

Quddus (2009) examined crop production growth in different regions of Bangladesh. This 

paper indicated that per capita crop productions in different regions were irregular during the 

study period due to reasons such as population growth and use of high-yield inputs. Kannan 

and Sundaram (2011) specified the trends and patterns in agricultural crop production growth 

in India. They identified that India’s crop production growth is accelerating; however, India 

has undergone significant changes after shifting from the cultivation of food crops to 

commercial crops, made possible by the high yields of crop production, capital formation 

enhancement, improved fertilizer and better irrigation facilities. Rehman et al. (2011) 

compared the decomposition results of agricultural output growth between the pre- and post-

structural adjustment program in Pakistan. The analysis of the empirical results showed that 

the area and yield effects had almost equal contribution to the change in output growth during 

the study period. Chaudhry et al. (1996) reviewed the growth performance of Pakistan’s 

agriculture. They argued that, even though the growth rate was fluctuating from year to year, 

or even from decade to decade, it has been respectable. 

A number of studies used the UC model to capture the permanent (trend) components and 

transitory (cycle) components from the time series data. Most of these studies examined GDP 

and price series data. For example, Harvey and Jaeger (1993) conducted a study relating to 

US GNP, US prices, the US monetary base and Austrian GDP. They favored the acceptability 

of the UC model as it can be described in a stylized fact and business cycle. Flaig (2002) 

decomposed the quarterly German GDP into trend, cycle and seasonal components and 

working-day effect. He found that the growth rate of the potential output of German GDP 

declined at the end of the sample period. The cycle included short-run and long-run cycles of 
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four and eight years, respectively. He also argued that seasonality was not constant, but that 

the working-day effect has a considerable impact on the short-term variability of output. 

Ferrara and Koopman (2010) worked on GDP and real house prices in the Euro area, and 

investigated common business and housing market cycles. Their empirical results indicated a 

strong relationship between business cycles in France, Italy and Spain. On the other hand, for 

the house price cycle, France and Spain are strongly related. Koopman and Azevedo (2008) 

measured synchronization and convergence of business cycles in the Euro area, the UK and 

the US. They demonstrated that, though there are some exceptions, European Union countries 

show synchronization in their business cycles. 

Wongwachara and Minphimai (2009) investigated GDP data to extract the output gap, as 

well as cycles and growth for Association of Southeast Asian Nations (ASEAN) countries. 

The estimated Phillips curve relation of this study concludes that relationships between the 

output gap and inflation in ASEAN countries are not notable. Labys and Kouassi (1996) 

analyzed commodity price cycles, employing two aggregate commodity price indexes – the 

UC index and US index – and 20 individual monthly commodity price series, collected from 

different international sources. Their extracted cyclical components indicate varying behavior 

among the commodity price cycles. Koopman and Lucas (2005) examined business and 

default cycles for credit risk by using US data. They reported that strong co-cyclicality 

between credit spreads and default rates, and between credit spreads and GDP, appeared in 

the six-year cycle. However, in the 11-year cycle, only strong co-cyclicality between GDP 

and the default rate appeared. Cuevas (2002) carried out a study testing the association of 

trends and cycles between Venezuela’s real GDP and real oil price. He used yearly data, and 

found that there is a strong positive association between real GDP and real oil price in the 

long-run trend component. In contrast, he found a negative association in the cycle 

component of Venezuela’s real GDP and real oil price. 
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Mitra and Sinclair (2010) assessed macroeconomic fluctuations in selected Asian and 

Latin American emerging economies. They employed the UC approach to decompose the 

quarterly GDP of seven Asian economies (Hong Kong, South Korea, Singapore, Taiwan, 

Indonesia, Malaysia and Thailand) and five Latin American economies (Argentina, Brazil, 

Chile, Colombia and Mexico) into permanent and transitory components. They argued that 

permanent and transitory innovations by Asian countries are roughly the same in their 

magnitude; however, it is widely different for Latin American countries. Additionally, 

correlation between permanent and transitory components within the Asian and Latin 

American countries shared a negative relationship. They also noted that in the cross-country 

relationship, Asian countries are more correlated than Latin American countries. 

Taking into account the facts confirmed by the literature, and the relative properties of 

agricultural production and the UC model, this chapter attempts to analyze the findings into 

the evolution of the agricultural production of Bangladesh, India and Pakistan in detail. 

Though these three countries have a similar climatic and weather history, their political and 

socioeconomic profile is different, and they also show variability in their agricultural 

production history. Thus, this chapter intends to decompose the per capita agricultural 

production of these countries to figure out the characteristics of the unobserved components 

i.e., trends, cycles, and irregular components. 

2.3  Empirical model 

This chapter presents the insights into the evolution of the agricultural production of three 

SAARC countries – Bangladesh, India, and Pakistan – by using a multivariate UC model as 

described in a number of studies, such as those by Harvey (1985), Carvalho and Harvey 

(2005a) and Carvalho et al. (2007). 

The multivariate UC model, which decomposes per capita agricultural production into 

trends (μt), cycles (ψt) and interventions (wt), is given as follows: 
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(0, ),  1, ..,  ,                    t t t t t ty w NID t T          
        (2.1) 

where yt is a 3×1 vector with elements representing time series observations of the log  per 

capita of agricultural production corresponding to each country studied, i.e., log per capita 

agricultural production of India (lpcapit), Pakistan (lpcappt) and Bangladesh(lpcapbt), with t 

= 1 for 1961 and t = T = 50 for 2010. The smooth trend component μt is a 3×1 vector, ψt 

represents a 3×1 vector of the stochastic cycle component, and εt denotes a 3×1 vector of the 

unobserved irregular component term, which is normally distributed with a mean of 0 and a 

3×3 covariance matrix Σε. The smooth trend μt component in yt is defined as follows: 

1 1 (0, ),  1, ..,  ,t t t t t NID t T           
                            (2.2) 

1 (0, ),  1, ..,  ,t t t t NID t T        
                            (2.3) 

where βt is the slope of the trend component (μt), which is a 3×1 vector with t = 1 for 1961 

and t = T = 50 for 2010. The level disturbance ηt and the slope disturbance ζt are uncorrelated 

with each other. Each of the Ση and Σζ is a 3×3 covariance matrix. When Ση is not 0 but Σζ is 

0, yt is called a “random walk plus drift”; however, a deterministic linear trend is generated 

when Ση and Σζ are both 0. When Ση is 0 but Σζ is not 0, the trend is called a “smooth trend.” 

This model is often referred to as the integrated random walk (IRW). In this chapter, the IRW 

smoother is applied (Rezitis and Ahammad, 2014a). Carvalho and Harvey (2005b) argued 

that this model often allows a clearer separation into trend and cycle. 

The multivariate cyclical component (ψt) captures short-term movement, and is defined as 

follows: 

1

* * *

1

cos sin
, 1,...., ,

sin cos

t t tc c

c ct t t

t T
   


   







        
          

                        (2.4)  

where ψt and ψt
* are cycle components of 3×1 vectors with t = 1 for 1961 and t = T = 50 for 

2010, and κt and κt
* are 3×1 vectors of disturbances such that: 



34 

 

' '' * * *( ) ( ) ( ) 0t t t t t tE E and E        
                       (2.5) 

where Σκ is a 3×3 covariance matrix. The cyclical frequency λc defines the fluctuations of 

cycles which satisfy 0 ≤ λc ≤ π. ρ is the damping factor on the amplitude of the cycle which 

satisfies 0 ≤ ρ < 1. The important nature of the cycle is the period which is related to 

frequency. The period of the cycle is given as 2π/λc. This chapter considers two stochastic 

cycles: cycle 1 may capture the short-run cyclical dynamics; cycle 2 may capture the long-run 

cyclical dynamics. This is called a “similar cycle model,” since the frequency λc and damping 

factor ρ are the same in each time series. Note that the covariance matrix of ψt is given by: 

 
1

21 


   
                                                      (2.6) 

In equation (2.1), intervention dummies have been employed to capture outlier and 

structural breaks by including wt, which is a 3×1 vector of interventions. Some elements of 

the parameter matrix Λ could be specified to 0, indicating that certain variables can be 

excluded from the particular equations. An outlier is a temporary event of irregular 

disturbance, which is modeled by taking the value of 1 at the time of the outlier, and 0 

otherwise. A structural break is modeled by a step intervention variable, which takes a value 

of 0 before the event, but 1 at the time of the structural break and onward. A structural break 

is a permanent event which shifts the level of the time series up or down. 

There are common cycles if Σψ is less than full rank. In addition, if the rank of Σψ is 1, 

there is a single common cycle and model (2.1) can be written as: 

, 1,2,3  1, ..,  ,                    it it i t it ity w i t T        
 (2.7) 

where ψt is a scalar cycle, and the common cycle appears in each series, i.e. i=1, 2 and 3, with 

a different amplitude due to the presence of θis (c.f. Carvalho and Harvey, 2005b). 

The estimation of the unobserved components model can be formulated by using a 

maximum likelihood (exact score) approach. When the estimation has been made, the fitted 
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model will be checked for serial correlation, normality and heteroskedasticity by using 

standard time series diagnostics. In addition, graphs of residual diagnostics, auxiliary 

residuals, prediction tests and forecasting are also used to detect any deficiency in the model. 

2.4  Data 

The data set used is yearly data on the logarithm of the per capita agricultural production 

of India (lpcapi), Pakistan (lpcapp) and Bangladesh (lpcapb) from 1961–2010 with 2004–

2006=100; it was obtained from the FAOSTAT statistical dataset (http://faostat.fao.org), 

accessed in October 2012. As FAO indicates, net per capita agricultural production is derived 

from the gross production after subtracting quantities used for seed and feed. The descriptive 

statistics of the data set used in this chapter are reported in Table 2.1. 

Figure 2.1 depicts the evolution of the per capita agricultural production of India (lpcapi), 

Pakistan (lpcapp) and Bangladesh (lpcapb) from 1961–2010. The per capita agricultural 

production of India (lpcapi) showed a downward trend until 1966, then gained an upward 

pace with some fluctuations, before reaching a high point in 2010. The per capita agricultural 

production of Pakistan (lpcapp) kept its upward trend (with some fluctuations) up until 2010. 

However, during the last year, it displayed a downward trend. The per capita agricultural 

production of Bangladesh (lpcapb) experienced a downward trend (with fluctuations) until 

1972. Agricultural production then increased slightly, but reached its lowest level in 1994. 

After that, it dramatically regained pace, and reached its highest point in 2010. 

Table: 2.1 Descriptive statistics 

Variables Means Standard 

Deviation 

Variables 

(logarithms) 

Means Standard 

Deviation 

pcapi 88.05 11.33 lpcapi 4.47 0.13 

pcapp 85.31 10.41 lpcapp 4.44 0.12 

pcapb 93.73 10.00 lpcapb 4.54 0.10 
Notes: pcapi stands for per capita agricultural production of India, pcapp stands for per capita agricultural 

production of Pakistan and pcapb stands for per capita agricultural production of Bangladesh. lpcapi, lpcapp 

and  lpcapb represent logarithms of per capita agricultural production of India, Pakistan and Bangladesh, 

respectively. 

http://faostat.fao.org/
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Figure 2.1: Evolution of the FAOSTAT net agricultural production (PIN) of lpcapi, lpcapp 

and lpcapb 1961-2010 

 

 

2.5  Empirical results 

Models (2.1) to (2.7) can be estimated using the maximum likelihood approach as 

mentioned in Harvey (1989). The smooth trend and two stochastic cycle components can be 

extracted by using a smoothing algorithm mentioned in Koopman (1992). The empirical 

results obtained using the STAMP 8.2 package of Koopman et al. (2009) indicate strong 

convergence. 

Table 2.2 reports some diagnostics and goodness-of-fit statistics such as N ( 2

2 ) (the 

normality test following a χ2 distribution with two degrees of freedom), H15 (F15, 15) (the 

heteroskedasticity test following an F distribution with [15, 15] degrees of freedom), Q (11,5) 

(the Ljung Box statistic based on the first 11 autocorrelations, which is tested against a χ2 

distribution with five degrees of freedom), and R2 (coefficient of determination). The 

aforementioned statistics do not show any deficiencies in the estimated model. 
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Table 2.2: Diagnostics and goodness-of-fit statistics 

Statistics lpcapi lpcapp lpcapb 

N( 2

2 ) 0.33970(0.84) 0.83082(0.66) 1.0007(0.61) 

H15(F15,15) 0.67644(0.77) 0.63829(0.80) 0.87051(0.60) 

Q(11,5) 6.2696(0.28) 8.0679(0.15) 7.3817(0.19)  

R2 0.93774 0.96904 0.8543 
Note: Values in parentheses are P-values. 

 

Additional information about the estimated model is presented in Figure 2.2, such as 

graphs of the standardized residuals, the spectral density, the residual correlogram and the 

density. The residuals are standardized one-step-ahead prediction errors or innovations 

(Koopman et al., 1999), and they are assumed to be normally and independently distributed 

for a correctly-specified model. The statistics presented in Table 2.2 and the residual graphs 

presented in Figure 2.2 are used to check the validity of the model. In particular, the spectral 

density and the correlogram graphs (Figure 2.2) show that the residuals are not serially 

correlated.1 

 
Figure 2.2: Per capita agricultural production index residuals 

                                                           
 

1 The theoretical spectrum is a horizontal line for white-noise residuals. 

lpcapi-Standardised Residuals +/- 2SE 

1960 1980 2000

0

2

lpcapi-Standardised Residuals +/- 2SE ACF-lpcapi-Standardised Residuals 

0 10 20

0

1
ACF-lpcapi-Standardised Residuals 

0.0 0.5 1.0

0.05

0.10

0.15

Spectral density

N(s=0.933) 

-2.5 0.0 2.5

0.2

0.4

Density

N(s=0.933) lpcapp-Standardised Residuals +/- 2SE 

1960 1980 2000

0

2

lpcapp-Standardised Residuals +/- 2SE ACF-lpcapp-Standardised Residuals 

0 10 20

0

1
ACF-lpcapp-Standardised Residuals 

0.0 0.5 1.0

0.05

0.10

0.15

Spectral density

N(s=1.01) 

-2.5 0.0 2.5

0.2

0.4
Density

N(s=1.01) lpcapb-Standardised Residuals +/- 2SE 

1960 1980 2000

0

2

lpcapb-Standardised Residuals +/- 2SE 

ACF-lpcapb-Standardised Residuals 

0 10 20

0

1
ACF-lpcapb-Standardised Residuals 

0.0 0.5 1.0

0.05

0.10

0.15

Spectral density

N(s=1.03) 

-2.5 0.0 2.5

0.2

0.4
Density

N(s=1.03) 



38 

 

Figure 2.3 presents the decomposed components of the structural time series model for 

trends (level and interventions) and for cycles 1 and 2. Cursory views of cycles 1 and 2 in 

Figure 2.3 indicate that cyclical activities of lpcapi, lpcapp and lpcapb in cycle 1 are 

increasing year by year, whereas cyclical activities in cycle 2 of the aforementioned variables 

are not so pronounced in the middle of the observation period. 

 
Figure 2.3: Per capita agricultural production index decomposition 

 

As shown in Table 2.3, the q-ratio in the level of all three variables is 0, since it is 

deterministic. The q-ratio of cycle 1 of lpcapb is also 0, indicating that variations of this 

variable are coming from the remaining three sources (irregular, slope and cycle 2). In the 

case of lpcapi, most of the variations are coming from irregular components, followed by 

slope, cycle 2 and cycle 1. The q-ratios of lpcapp indicate that most of the variations are 

coming from irregular components followed by slope, cycle 2 and cycle 1, whereas large 

variations of lpcapb are attributed to irregular components, followed by slope and cycle 2. 

Furthermore, the q-ratios of the variables under consideration indicate that fluctuations in the 
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irregular components are the most important sources of variations. The irregular components 

are due to unpredictable short-term fluctuations brought on by events such as unpredicted 

weather conditions, plant diseases, infestation and unexpected changes in economic policies, 

among others. These unexpected events might play a pivotal role in the variation of the per 

capita agricultural production of these three countries as droughts, floods, cyclones, plant 

diseases and infestations, like natural disasters, sometimes take place in these countries. 

 

Table 2.3: Variance of disturbances: values and q-ratio 

Variance of disturbances lpcapi lpcapp lpcapb 

Level  0.000000 

(0.0000) 

0.000000 

(0.0000) 

0.000000 

(0.0000) 

Slope 4.34041e-006 

(0.006923) 

2.29081e-005 

(0.03654) 

1.85210e-005 

(0.02954) 

Cycle 1  1.34113e-008 

(2.139e-005) 

2.55253e-007 

(0.0004072) 

0.000000 

(0.0000) 

Cycle 2  4.15169e-006 

(0.006622) 

2.45119e-006 

(0.003910) 

6.01105e-006 

(0.009588) 

Irregular  0.000626923 

(1.000) 

0.000147374 

(0.2351) 

0.000589656 

(0.9406) 
Notes: Values in parentheses are the q-ratio. q-ratio is the ratio of each variance to the largest. 

 

Table 2.4 presents detailed information on the cyclical parameters of the model. The 

results show that the short-run cycle has a period of 4.5 years and a damping factor of 0.949, 

whereas the long-run cycle has a period of 9.6 years and a damping factor of 0.855. These 

findings indicate that both cycles exhibit a high degree of persistence, and that the series are 

stationary, since the damping factor of cycle 1 and cycle 2 are less than 1. 

 

Table 2.4: Parameters of cycle 1 and cycle 2 

Parameters Values 

Number of order (n) 2 

Period ( c12 /  ) in years 4.50046  

Frequency ( c1 ) 1.39612  

Damping factor (
1 ) 0.94955  

Number of order (n) 2 

Period ( c22 /  ) in years 9.61278  

Frequency ( c2 ) 0.65363  

Damping factor (
2 ) 0.85577  
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Table 2.5 reports the maximum likelihood estimates of the final state vector and 

intervention dummies. The level values of lpcapi, lpcapp and lpcapb are 4.698, 4.636 and 

4.895, respectively, which are statistically significant, while the antilog analysis of the levels 

produces the values of 109.79, 103.20 and 133.72, respectively. Note that the antilog values 

of the levels are well above the corresponding mean values (Table 2.1). The slope yields a 

yearly growth rate of about 1.24%, 0.72% and 3.02% for lpcapi, lpcapp and lpcapb, 

respectively. Note that only the growth rate of Pakistan is statistically insignificant. It is also 

observed that the amplitude of cycle 1 as a percentage of the trend is 2.87% for lpcapi, 1.67% 

for lpcapp and 2% for lpcapb. 

 

Table 2.5: State vector analysis in final state at time 2010 

 lpcapi lpcapp lpcapb 

Level 4.69866 [0.00] 4.63672 [0.00] 4.89582 [0.00] 

Slope 0.01237 [0.01] 0.00718 [0.39] 0.03017 [0.00] 

Cycle 1 amplitude 0.02866  0.01666  0.02004  

Interventions    

 Outlier 2002 Outlier 1983 Level break 1971 

Coefficient -0.08945 [0.00] -0.04658 [0.00] -0.11687 [0.00] 
Note: Values in brackets are p-values 

 

Bangladesh’s high growth rate might be the result of initiatives taken by the Bangladeshi 

government, such as the timely supply of agricultural inputs at affordable prices, an 

appropriate action plan for agricultural credit, agricultural mechanization and pest 

management. On the other hand, policies taken by the Pakistani government, such as 

reducing agricultural subsidies, financial sector reforms, unfavorable agricultural price policy 

and bottlenecks in the agricultural inputs market, might explain Pakistan’s insignificant per 

capita agricultural production growth. The amplitude of cycle 1 as a percentage of the trend 

for India indicates that India takes more time to respond against the short-run shocks of per 

capita agricultural production than Bangladesh and Pakistan, and also that it takes more time 

for India to come closer to the equilibrium level. 
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Table 2.6: Normality tests (
2 tests) for auxiliary residuals: irregular, level and slope 

  lpcapi lpcapp lpcapb 

Irregular Level Slope Irregular Level Slope Irregular Level Slope 

Skewness 0.0070408 

[0.9331] 

0.011647 

[0.9141] 

1.5105 

[0.2191] 

0.0024363 

[0.9606] 

0.0035495 

[0.9525] 

1.3252 

[0.2497] 

0.82142 

[0.3648] 

0.042154 

[0.8373] 

1.9561 

[0.1619] 

Kurtosis 1.9113 

[0.1668] 

0.41581 

[0.5190] 

0.84741 

[0.3573] 

1.1953 

[0.2743] 

0.72004 

[0.3961] 

0.42564 

[0.5141] 

1.3432 

[0.2465] 

0.44455 

[0.5049] 

1.1461 

[0.2844] 

Bowman-

Shenton 

1.9184 

[0.3832] 

0.42746 

[0.8076] 

2.358 

[0.3076] 

1.1977 

[0.5494] 

0.72359 

[0.6964] 

1.7509 

[0.4167] 

2.1646 

[0.3388] 

0.4867 

[0.7840] 

3.1022 

[0.2120] 

Note: Values in brackets are p-values 
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Table 2.6 reports the diagnostic test statistics of the auxiliary residuals, which are 

smoothed estimates of irregular, level and slope disturbances. These statistics show that, in 

general, the auxiliary residuals behave well. 

The graphs of the t-values of corresponding estimated auxiliary residuals are reported in 

Figure 2.4. A cursory look at the graphs shows that there is no absolute value of more than 3, 

which indicates that the appropriate interventions are included in the model. 

 
Figure 2.4: Auxiliary residuals: irregular and level 

 

The interventions presented in Table 2.5 are negative and statistically significant, and 

capture decreases in per capita agricultural production. In particular, the 2002 outlier 

intervention which corresponds to India indicates a decrease in the country’s per capita 

agricultural production (lpcapi) as a result of about 22% less rainfall in the country that year. 

This drought is ranked as a hydrological drought, and it caused a decline in the production of 

paddy, oilseed and wheat by 22%, 23.5% and 9.5% respectively (Shah et al., 2009). The 1983 

outlier corresponding to Pakistan indicates a drop in the agricultural production due to 
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drought, and to the fact that during this year production was affected by infestation. The 1971 

structural break corresponding to Bangladesh presents the negative effect on Bangladesh’s 

agricultural production during the nine-month long liberation war of 1971. The war affected 

the structure of the country’s agricultural sector, causing long-run negative effects on 

agricultural production, which is captured by a structural break intervention in 1971. 

Figure 2.5 shows the prediction graphics of per capita agricultural production for lpcapi, 

lpcapp and lpcapb, generated by estimating the model from 1961–2002. In this estimation, 

the years 2003–2010 are reserved for the out-of-sample forecast. The first predictions were 

made using information from 2003, and are updated each time a new observation is captured. 

The graphs show that the predicted values and residuals of lpcapi, lpcapp and lpcapb are 

within the prediction intervals, indicating that the forecast of the trend has no more than two 

standard errors. The CUSUM graphs used for testing parameter stability and forecasting 

accuracy validate the specifications of the models of this chapter, and support their 

forecasting accuracy. 

 
Figure 2.5: Prediction testing for the per capita agricultural production index of lpcapi, 

lpcapp and lpcapb 
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Moreover, the post-sample prediction tests of Table 2.7 support the aforementioned 

argument. 

Table 2.7: Post-sample prediction tests on lpcapi, lpcapp and lpcapb 

 lpcapi lpcapp lpcapb 

Failure 2

8  test 10.4894  [0.2323] 5.8714  [0.6616] 9.3550  [0.3132] 

Cusum t(8) test 1.2534  [0.2454] 0.7983  [0.4477] 1.2305  [0.2535] 
Note: values in brackets are p-values 

 

Figure 2.6 presents the forecast of the per capita agricultural production of lpcapi, lpcapp 

and lpcapb for five years (2011–2015). The forecasted values are given within a band of 1 

root mean square error (RMSE) on either side. The forecast graph of lpcapi shows that per 

capita agricultural production will remain static up to 2013 but will then increase. On the 

other hand, lpcapp will maintain high growth until 2013, but will be stable from then 

onwards. The lpcapb forecast will be of high growth, indicating that the per capita 

agricultural production of Bangladesh is expected to remain above the historical production 

level up to the end of the forecasting period. 

 
Figure 2.6: Forecasts of the per capita agricultural production of lpcapi, lpcapp and lpcapb 
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2.6  Discussion  

Disturbance covariances and corresponding correlations of irregular components, slope, 

cycle 1 and cycle 2 are reported in Table 2.8. Level components are not reported since this 

chapter uses multivariate smooth trend plus cycle models i.e., level-fixed, slope-stochastic, 

and two stochastic cycles. 

Table 2.8: Disturbance covariances and correlation of irregular, slope, cycle 1 and cycle 2 

 lpcapi lpcapp lpcapb 

Irregular    

lpcapi 1 -0.3711  0.5317  

lpcapp -0.0001215  1 -0.05785  

lpcapb 0.0003878  -2.203e-005  1 

Slope    

lpcapi 1 0.2543 -0.3135 

lpcapp 2.622e-006 1 -0.5909 

lpcapb -3.563e-006 -1.595e-005 1 

Cycle 1    

lpcapi 1 -0.6856 -0.9534 

lpcapp -1.728e-008 1 0.8733 

lpcapb -1.264e-008 2.176e-008 1 

Cycle 2    

lpcapi 1 0.7940 0.3711 

lpcapp 2.155e-006 1 -0.1125 

lpcapb 1.491e-006 -2.955e-007 1 
Note: The lower triangular elements are the covariances and the upper triangular elements are the corresponding 

correlations. 

 

The irregular components (Table 2.8) do not show very strong evidence of correlation 

among lpcapi, lpcapp and lpcapb. In particular, the correlation between Pakistan and 

Bangladesh (-0.057) is very weak, i.e., close to 0, indicating that an unexpected event in one 

country’s per capita agricultural production does not affect the other country. This might lie 

in the fact that Pakistan is far away from Bangladesh, and thus why the unexpected factors 

affecting the irregular components, e.g. weather conditions, infestation, plant diseases and 

other unpredictable events, might be different and not affect both countries simultaneously. 

On the other hand, the correlation between India and Bangladesh (0.531) indicates that an 

unexpected event in per capita agricultural production in one country will have some effect 
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on the other country’s agricultural production in the same direction, indicating that these two 

countries might share some similarities in unpredictable events such as weather, plant 

diseases and infestation. For example, there are about 54 rivers flowing across the border of 

these two countries, which sometimes creates similar effects between them (e.g. floods and 

drought). The opposite happens in the case of the relationship between India and Pakistan: 

their correlation is negative (-0.371), indicating that an unexpected event in one country 

negatively affects the other country. For example, a decline in India’s per capita agricultural 

production in 2002 due to drought did not affect Pakistan; and a decline in Pakistan’s per 

capita agricultural production in 1983 due to drought and infestation did not affect India, 

validating the negative correlation between India and Pakistan in their irregular component. 

The correlations of slope demonstrate that there is some positive correlation (0.254) 

between India and Pakistan, indicating that India and Pakistan may have some similarities in 

their long-run per capita agricultural production trends. Kurosaki (2003) showed similar 

results, indicating that the treaty for the water of the Indus River between India and Pakistan 

– as well as agricultural institutional and policy changes such as land reforms and integration 

with green revolutions – might play an important role in long-run agricultural growth 

between India and Pakistan. On the other hand, Bangladesh displayed negative correlation 

with India (-0.313) and Pakistan (-0.590), indicating that the growth rate of Bangladesh has 

evolved in a diverse direction to the evolution of the per capita agricultural production of 

India and Pakistan. This indicates that the sustainable agricultural policy of Bangladesh is not 

that similar to the other two countries. India and Pakistan are now concentrating on satisfying 

export demands for agricultural products, whereas Bangladesh is concentrating on producing 

agricultural products to cover its domestic demand. 

The estimated correlations of cycle 1 and cycle 2 are presented in the lower part of Table 

2.8. The correlation of lpcapi, lpcapp and lpcapb in cycle 1 ranges from -0.953 to 0.873, 
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which strongly implies both negative and positive correlation. The correlation between 

Bangladesh and Pakistan (0.873) is strong; India, on the other hand, is strongly but negatively 

correlated with Bangladesh (-0.953) and Pakistan (-0.685), which suggests that shocks from 

either country have a strong impact on the other country. This is perhaps an indication that, in 

the short term, Bangladesh is strongly but negatively influenced by India, since Bangladesh 

imports agricultural products from India, whereas this influence is not so strong between 

India and Pakistan, since Pakistan is less dependent on India for its imports of agricultural 

products. With regard to cycle 2, India is strongly correlated with Pakistan (0.794), but 

moderately correlated with Bangladesh (0.371). However, correlation between Pakistan and 

Bangladesh is weak and negative (-0.112). 

An exclusive inspection of the correlation in cycles 1 and 2 reveals that these three 

countries are completely opposite when comparing their short and long-run cycles. For 

example, India is negatively correlated with Bangladesh and Pakistan in cycle 1, but 

positively correlated with the same countries in cycle 2: this indicates that in the short cycle 

Bangladesh and Pakistan might not reduce their differences with India, whereas in the long 

cycle they might recover their differences and positively correlate with India. Furthermore, 

Bangladesh is positively correlated with Pakistan in cycle 1, but negatively correlated in 

cycle 2, meaning that in the long cycle these two countries might diverge in their per capita 

agricultural production. The results further indicate that the transmission of shocks between 

India and Pakistan is stronger in cycle 2 (0.794) than in cycle 1 (-0.685), while the 

transmission of shocks between Bangladesh and Pakistan is stronger in cycle 1 (0.873) than 

in cycle 2 (-0.112); however, the transmission of shocks between Bangladesh and India in 

cycle 1 is stronger (-0.953) than in cycle 2 (0.371), indicating that in the long cycle 

Bangladesh is less influenced by the other two countries. 
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For the specification of the common cycle model, it is necessary for a restriction to be 

imposed in the disturbance variance matrices. The empirical results indicate that the 

correlation between the per capita agricultural production of Bangladesh (lpcapb) and India 

(lpcapi) is very strong (-0.9534) in the short-run cycle. Furthermore, the eigenvalue of 

Bangladesh (3.314e-023) is very small, and the actual rank of the short-run cycle disturbance 

variance matrix is less than full (2 instead of 3), which suggests that there may be common 

cycles. In this case, the common cycle model is estimated by imposing restrictions on the 

short-run cycle disturbance variance of Bangladesh by making it dependent on Pakistan and 

India, thus creating a cyclical disturbance variance matrix with a rank of 2. This specification 

is appropriate, since there is no deficiency in the diagnostics and goodness-of-fit statistics 

(Table 2.9), and the likelihood-ratio test does not reject the rank restriction on the short 

cycle’s disturbances.2 The findings of the two common cycles imply that the short cycle of 

Bangladesh is a linear function of the short cycles of India and Pakistan. 

Table 2.9: Diagnostics and goodness-of-fit statistics 

Statistics lpcapi lpcapp lpcapb 

N( 2

2 ) 0.40297 (0.82) 0.85429 (0.65) 1.0135 (0.60) 

H15(F15,15) 0.66282 (0.78) 0.64025 (0.80) 0.89135 (0.59) 

Q(11,5) 6.5767 (0.25) 7.7569 (0.17) 7.4591 (0.19)  

R2 0.9378 0.96924 0.85343 

Note: Values in parentheses are p-values. 

 

The estimated covariance, correlation and factor loadings of the short cycle are presented 

in Table 2.10. By comparing cycle 1’s disturbance correlations in Table 2.10 to cycle 1’s 

disturbance correlations in Table 2.8 it can be observed that the signs of the correlation 

remained unchanged, but the correlation between Bangladesh and India becomes weaker (-

0.953 to -0.866), while the correlation between Bangladesh and Pakistan becomes stronger 

                                                           
 

2 Note that the log likelihood of the restricted and unrestricted models are very close (485.335 versus 485.039), thus it does 

not reject the null hypothesis of the common cycle. 
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(0.873 to 0.959). It is worth noting that the correlation between Pakistan and India remained 

unchanged to the nearest second integer (-0.68). This is expected because only Bangladesh’s 

short cycle depends on India and Pakistan, while the short cycle disturbances of India and 

Pakistan are independent. The factor loading for Bangladesh on India is -0.439, which 

produces a strong negative correlation of about -0.865. On the other hand, the factor loading 

for Bangladesh on Pakistan is 0.373, resulting in a strong positive correlation of about 0.959. 

These results confirm the presence of two common cycles – one between Bangladesh and 

India; and one between Bangladesh and Pakistan. 

Table 2.10: Disturbance covariance, correlation and factor loadings of the short cycle in the 

three variable models for per capita agricultural production  

Cycle 1 lpcapi lpcapp lpcapb Factor loading for lpcapb 

lpcapi 1 -0.6896 -0.8650 -0.4396 

lpcapp -8.724e-009 1 0.9599 0.3738 

lpcapb -5.904e-009 1.379e-008 1  
Note: lpcapi corresponds to India, lpcapp corresponds to Pakistan and lpcapb corresponds to Bangladesh. The 

lower triangular elements are the covariance; the upper triangular elements are the corresponding correlations; 

the last column shows the factor loading values. 

 

The estimated short-run cycle of the restricted model has a period of 4.49 years, with a 

frequency of 1.39 and a damping factor of 0.957 – which is very close to the unrestricted 

model. The empirical results are also satisfactory since there is no major deviation from the 

unrestricted model. The decomposed components of the common cycle model for trend (level 

and interventions) and cycles 1 and 2 are presented in Figure 2.7. 

 
Figure 2.7: A multivariate trend plus common cycle decomposition for lpcapi, lpcapp and 

lpcapb 
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The graphs of cycle 1 for Bangladesh and Pakistan in Figure 2.7 show that these two 

cycles have the same swings from peaks to troughs over time; however, the timings of the 

peaks and troughs are a little different, which validates that Bangladesh and Pakistan share a 

common cycle with a positive correlation of 0.959. On the other hand, Bangladesh and India 

in cycle 1 have opposite swings from peaks to troughs over time, having different peak and 

trough timings; this indicates that they share a negative common cycle with a correlation of -

0.865. 

2.7  Conclusions 

The aim of this chapter was to examine the evolution of the per capita agricultural 

production of three SAARC countries: Bangladesh, India and Pakistan. The SAARC is an 

organization representing eight South Asian nations. The aforementioned three countries 

from SAARC are selected since their agricultural economic importance to the region is very 

strong. The unobserved components model is employed to decompose the per capita 

agricultural production of India, Pakistan and Bangladesh into trends, cycles, interventions 

and irregular components. For the specification of the model, smooth trend plus stochastic 

cycle components are considered, i.e., fixed level, stochastic slope and two stochastic cycles 

and irregular components. This approach provides some significant insights into the evolution 

of the per capita agricultural production of these three countries. Empirical results of this 

chapter indicate that the per capita agricultural production of the three countries’ time series 

are best fitted by smooth trend plus the stochastic cycle model, since there are no deficiencies 

in the diagnostic statistics. Furthermore, intervention dummies have been included, which 

accurately captured shocks. 

The findings of this chapter reveal that in the irregular components, the correlation 

between the countries is not very strong. There is some positive correlation between 

Bangladesh and India, which might be the result of the presence of 54 rivers between these 
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two countries, as well as some similarities in their weather conditions. The correlation 

between Pakistan and India is small but negative, indicating that any short-run unexpected 

events of one country will negatively affect the other country, though the effect is not strong. 

From the literature, it is observed that unexpected events like drought, floods and infestation 

in one country do not have a significant effect on the other country. Correlation between 

Bangladesh and Pakistan is very weak, indicating that the irregular component between these 

two countries has an insignificant impact on the variation of their per capita agricultural 

production. 

With regard to slope, Bangladesh is negatively but moderately correlated with India and 

strongly correlated with Pakistan, indicating that in the long term, Bangladesh’s per capita 

agricultural production is diverging from those of the other two countries. On the other hand, 

India and Pakistan have some positive correlation, indicating long-run positive movements in 

their per capita agricultural production trend. The growth rate of Bangladesh is high, 

followed by India and Pakistan, with the latter presenting insignificant growth. This is 

perhaps an indication that the substantial governmental agricultural policy of Bangladesh is 

boosting the growth of the per capita agricultural production; conversely, reducing 

agricultural subsidies, financial sector reforms, agricultural price policy and bottlenecks in 

the agricultural inputs market of Pakistan might be the causes of its insignificant agricultural 

growth. Knowledge about these growths could be useful when designing future agricultural 

development policies. 

In the short cycle, India is strongly but negatively correlated with Pakistan and 

Bangladesh, while correlation between Bangladesh and Pakistan is also strong but positive, 

indicating that the transmission of transitory shocks between these countries is strong. In the 

case of the long cycle, India is strongly correlated with Pakistan, whereas Bangladesh is 

moderately correlated with India and Pakistan. These findings reveal that the transmission of 
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shocks between India and Pakistan lasts longer, whereas the transmission of shocks between 

Bangladesh and India, and between Bangladesh and Pakistan, is transitory and does not last 

long. Furthermore, in the short cycle, the per capita agricultural production of Pakistan and 

Bangladesh shares a common cycle, with positive correlation indicating convergence 

between these two countries; the per capita agricultural production of India and Bangladesh 

also shares a common cycle, with negative correlation indicating divergence between these 

two countries. Finally, the present chapter presents yearly forecasted values of the per capita 

agricultural production of Bangladesh, India and Pakistan from 2011–2015. The forecasts 

show that Bangladesh will maintain its upward growth until 2015, India will keep its growth 

stable up to 2013 before rising, whereas Pakistan will plateau at the end of the forecasting 

period. 
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CHAPTER 3 

ESSAY 2: Investigating agricultural production relations and the interdependency of 

volatility spillovers between Bangladesh, India and Pakistan using VECM, MS-VECM 

and MGARCH models 

SECTION–3.1 

Investigating agricultural production relations between Bangladesh, India and Pakistan 

using vector error correction and Markov-switching models  

 

3.1.1 Introduction 

The enormous benefits of the agricultural sector around the world usually attract the 

attention of academics examining various perspectives in the field. This sector has been 

continuing its effort to maintain the daily life of the living being across the globe since 

primitive times. It is one of the most important sources of occupation for numerous 

populations. This sector also absorbs the excess labor force, which is also explained as 

inactive, seasonal or hidden labor. It further provides not only food for about seven billion 

people around the world, but also raw materials for the jute, textile, tobacco, sugar and 

leather industries. The materials for shelter also come from this sector. In addition, it is one of 

the most important markets for industrial goods such as machinery, fertilizers and agro-

chemicals. Furthermore, this sector provides a range of benefits that are difficult to quantify 

and that have rarely been priced. Consequently, it seems as though people are still relying on 

agriculture, emphasizing a need to care for this sector. 

The main objective of this section is to explore the short-term and long-term relationships 

between the per capita agricultural production of Bangladesh, India and Pakistan by modeling 

its production mechanism and transmission. The second objective of this section is to 

investigate unobservable regimes and identify the switching behavior of agricultural 

production. The responses of agricultural production to sudden shocks are also investigated. 

To achieve these objectives, this study uses several econometric models such as the vector 
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error correction model (VECM), moving average model (MA), structural moving average 

model (SMAM) and Markov-switching VECM (MS-VECM). The VECM is used when the 

assumptions of the stationarity of the vector autoregressive (VAR) model are rejected but the 

linear combinations of a set of variables of the system are stationary. The VECM is expressed 

in terms of differences and associates with the divergence from the long-term equilibrium of 

the last period with short-term variations. The MA examines the long-term impact of the 

residuals on the endogenous variables but it cannot estimate the duration of the shock and 

structural analysis. The duration of the shock and structural analysis are achieved by using 

the SMAM. The MS-VECM examines the behavior of different regimes characterized by the 

volatility of the regime and probability of staying in the same regime or switching to another 

one. It also examines the effects of impulse responses that might be generated from the 

unexpected shock to the residuals of the endogenous variables. 

Frey and Manera (2007) have mentioned that a regime switching model is part of the 

family of models in which the relationship between the variables of interest depends on the 

state of a variable, which can be either part of the explanatory variables or not. This variable 

is called the transition variable. The level of transition variable, with respect to a threshold, 

describes different states of the world or regimes. Therefore, the regime switching model has 

the property to account for the behavior of economic actors under different circumstances. A 

further categorization defines two different models, according to the nature of the state 

variable which can be deterministic or stochastic. In the case of the MS-VECM model, the 

agricultural production mechanism passes through different states according to an unobserved 

transition state variable, which follows a first-order ergodic Markov chain. Therefore, the 

transition variable is stochastic and the shift from one regime to another is random. 

Additionally, as the transmission variable is unobservable, it can be defined by the data itself 
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and not by the researcher. In the case of the threshold vector error correction model, the 

transition variable is deterministic and defined by the researcher. 

The stochastic characteristics of the aforementioned approaches provide an important 

econometric tool for performing better statistical analysis as well as improving upon 

traditional interpretations of the short-term and long-term relationships of the per capita 

agricultural production of Bangladesh, India and Pakistan. Furthermore, in the related 

literature, there is abundant evidence on the examination of agricultural production linked to 

these three SAARC countries. However, there is limited evidence of investigations using the 

VECM and MS-VECM approaches to examine these relationships, regime switching 

behavior and the effect of impulse responses of the per capita agricultural production of these 

countries. The findings of this paper also support using these econometric applications since 

the models are fitted well. 

The remainder of this section is presented as follows. The literature of the study is 

discussed in subsection 3.1.2. Subsection 3.1.3 presents a detailed outline of the methodology 

of the models. Subsection 3.1.4 describes the details of the data used in this section. 

Subsection 3.1.5 reports the estimation results of this section. Subsection 3.1.6 offers the 

conclusions of the section. 

3.1.2 Literature review 

This section reviews the literature related to dynamic relationships, regime switching, the 

effects of impulse responses and causality by using the VECM and/or MS-VECM 

approaches. The investigation of the short-term and long-term relationships (VECM), 

switching behaviors of regimes (MS-VECM) and effects of unexpected shocks are crucial 

issues in econometric time series analysis. These issues are valuable sources of information 

about issues regarding production mechanisms and their transmission patterns, the nature of 
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unobserved regimes and the effects of unexpected shocks, which are important for many 

contemporary policy and agricultural production analyses. 

A number of studies investigated short-term and long-term relationships as well as 

causality in SAARC countries. For example, Chowdhury (2012) examined the nexus of 

foreign aid and the real exchange rates in SAARC countries and found the existence of a 

long-run relationship between the real exchange rate and aid flow, government consumption 

to GDP, terms of trade, trade openness and independent policy variables for six SAARC 

countries, namely Bangladesh, India, the Maldives, Nepal, Pakistan and Sri Lanka. Pradhan 

and Bagchi (2012) investigated the relationship and causality between government 

expenditure, economic growth and exports for seven SAARC countries, namely Bangladesh, 

Bhutan, India, the Maldives, Nepal, Pakistan and Sri Lanka. This study concluded that only 

Bhutan, the Maldives and Nepal have cointegrating relationships with government 

expenditure, economic growth and exports. Furthermore, Granger causality tests suggested 

mixed evidence of causality in these seven SAARC countries. Chowdhury (2011) studied the 

effects of remittances on the development of the financial sector in Bangladesh by employing 

the Johansen maximum likelihood cointegration and VECM. The empirical results of that 

study identified one long-run relationship between financial development (i.e. private 

domestic deposits to GDP, bank credit to GDP and M2 to GDP) and remittance flow. The 

results also concluded that a 1% increase in remittance flow indicated more than a 1% 

increase in financial development. 

Joshi (2013) examined the long-term and short-term relationships between GDP and 

exports in India. This study evidenced cointegrating relationships and short-term causality 

between the variables but found no long-term causality between GDP and exports in India. 

Khan and Sajid (2007) examined the interest rate linkages among four SAARC countries 

(Bangladesh, India, Pakistan and Sri Lanka) in relation to the US. The empirical results 
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indicated the existence of a single cointegrating relationship between SAARC countries’ 

interest rates and the US interest rate. The results of the cointegration test within SAARC 

countries further suggested that one cointegrating vector indicates a low degree of money 

market integration in the SAARC region. Furthermore, the authors concluded that in the 

short-run only India, Pakistan and Sri Lanka’s interest rates play a significant role, whereas 

the long-run interest rates of SAARC countries are closely related. Rashid et al. (2012) 

investigated the effects of export instability on economic growth in four SAARC countries 

(i.e. India, Nepal, Pakistan and Sri Lanka). The empirical results of the study suggested the 

existence of cointegration between real GDP, the real exports of goods and services, real 

gross fixed capital and an export instability index. This study further concluded that export 

instability has negative and significant effects on economic growth for these four SAARC 

countries. 

A number of studies have used VECM, MS-VECM and impulse response analysis to 

investigate the short-term and long-term relationships between variables, regime switching 

behaviors and effects of transitory and permanent shocks by using time series data. Most of 

these studies examine GDP, price series, monetary policy and output data. For example, 

Rezitis et al. (2009) investigated long-run price relationships between the farm, domestic 

wholesale, imported wholesale, and retail levels of the Greek lamb market. The authors found 

three long-run price relationships between (i) producers and domestic wholesale, (ii) imports 

and consumers and (iii) domestic wholesale and consumers. They also found that retail price 

was the driving force of the price marketing chain. Moreover, this study discovered three 

regime shifting behaviors that might be due to various common agricultural policies changes. 

Rezitis and Pachis (2013) investigated the price transmission mechanism of the Greek fresh 

tomato market by employing MS-VECM and evidenced three switching states. They 

concluded that the retailer exercises some degree of market power in high volatility periods 
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but no market power in low or medium volatility periods. Krolzig et al. (2002) analyzed the 

UK labor market and found that MS-VECM provided a good characterization of the sample 

data and evidenced three switching regimes closely related to changes in the phases of the 

UK business cycle. 

Aryani and Yulius (2012) examined the integration of the retail rice market between rice 

production centers in Indonesia. This study found two cointegrating relationships of the nine 

rice markets in Indonesia and indicated that the Jakarta rice market is the most influential on 

the other markets in Indonesia. Ben-Kaabia et al. (2002) studied the most important 

relationships among four variables, namely the real exchange rate, real money supply, real 

firm output prices and real agricultural exports, in Tunisia. This study found two 

cointegrating vectors: the first indicated that a permanent increase in money supply leads to 

increasing agricultural prices and the second indicated that an increase in the exchange rate 

stimulates an increase in agricultural exports. Cologni and Manera (2005) used the structural 

cointegrated VAR model to investigate the direct effects of oil price shocks on output and 

prices and the reaction of monetary variables to external shocks in G7 countries. This study 

concluded that all countries (France, Germany, Italy, Japan, the United Kingdom and the 

United States) have one long-run relationship except Canada, which has two long-run 

relationships between these variables. This study also showed that an unexpected oil price 

shock causes an increase in the inflation rate and a decline in output growth. 

Assadzadeh and Nasab (2012) examined the relationship between the tourism industry 

and GDP in Iran. They used the Johansen–Juselius cointegration method (Johansen and 

Juselius, 1990) and Granger (Granger, 1969) and Hsiao (Hsiao, 1981) causality test to 

investigate the relationship between the variables. Their results suggested a long-run positive 

relationship between income obtained from the tourism industry and GDP. The result also 

evidenced bidirectional causality between the two variables, allowing them to conclude that 
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the tourism industry can increase GDP and vice versa. Gunes (2007) analyzed the long-run 

behavior of functional income distribution in Turkey by using the Johansen–Juselius 

cointegration model, VECM and impulse response analysis. The findings indicated that wage 

income, nonwage income, agricultural earnings and operating surplus are cointegrated. The 

findings also confirmed the presence of a causal relationship among the variables and 

indicated that the variables are responsive to various corresponding shocks. Xiang (2013) 

used VECM, Granger causality tests, impulse response analysis and variance decomposition 

tests in order to investigate the impact of monetary policy on house price fluctuation in 

China. His study reported one cointegrating relationship between the four variables of the 

inter-bank offered rate, broad money supply, total RMB loans and price index of real estate. 

He also found that monetary policy has a significant impact on house prices in China. 

Considering the above literature, this section aims to investigate the short-term and long-

term relationships, regime switching behaviors and responses to unexpected shocks of the per 

capita agricultural production of Bangladesh, India and Pakistan. 

3.1.3  Empirical model 

This section has used various econometric models to examine the relationships between 

the per capita agricultural production of India (lpcapi), Pakistan (lpcapp) and Bangladesh 

(lpcapb) which are being introduced here before proceeding to the empirical analysis. 

3.1.3.1 Vector autoregressive model (VAR) 

The existence of long-run equilibrium relationships can be investigated by a vector 

autoregressive model (VAR), which is given by Equation (3.1.1): 

 1 1 ... ,    1,  2,  .,            3.1.1t t k t k t tx x x DUM with t T            

where, 1,...,t t kx x   are the lagged variables of tx
, xt  is a 3×1 vector with elements representing 

time series observations of the log per capita agricultural production corresponding to each 

country under studying, i.e., log per capita agricultural production of India (lpcapit), log per 
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capita agricultural production of Pakistan (lpcappt) and log per capita agricultural production 

of Bangladesh (lpcapbt), with T= 1 (1961), – 50 (2010); v is a 3×1 vector of constant term; Πi 

are 3×3 matrices of parameters with i=1,…k, and εt  is a 3×1 vector of error terms. The error 

terms εt are normally distributed and follow a Gaussian distribution with zero mean and 

variance and covariance matrix Ω i.e. εt ~ iid Np (0, Ω). DUMt is a vector of deterministic 

components containing dummies. 

As there are assumptions that the residuals εt follow a normal distribution and the vector 

of endogenous variables xt is stationary, the VAR model is immovable. Specifically, the 

immovable character of all endogenous variables indicate that the vector xt represents a 

stationary mean and stationary variance, and the covariance between tx  and t kx   depends 

only upon the distance k and not upon the time t. The assumptions of a stationary VAR model 

indicate that the estimated variables have no trend, seasonality and variances that vary 

diachronically. 

3.1.3.2 Vector error correction model (VECM) 

When the VAR model fails to prove its assumption of stationarity but a linear 

combination between variables in the system are stationary then these variables supposed to 

be cointegrated. At this stage a vector error correction model (VECM) instead of a vector 

autoregressive model (VAR) is used. The VECM is expressed in terms of differences and is 

given by Equation (3.1.2): 

 1 1 1 1... 3.1.2t t t k t k t tx x x x DUM                

where Δ is the first difference notation, xt is a 3×1 vector containing the log per capita 

agricultural production of India (lpcapit), log per capita agricultural production of Pakistan 

(lpcappt) and log per capita agricultural production of Bangladesh (lpcapbt), v is a 3×1 vector 

of a constant term, 1 1

, ,
p p

i i j
i j i

A I
  

       
and DUMt is a deterministic components 
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containing dummies. The dummies used in the model were DS68t, DP83t, DP02t. DS68t is a 

dummy variable used to capture the structural break and it takes the value of one between 

1968 and 2005 and zero otherwise. This structural break is clearly depicted in Figure 2.1 

where during the period 1968-2005, there is a shift of the mean level of the data, especially 

for Bangladesh. DP83t and DP02t are outliers, which take the value of one for the years 1983 

and 2002, respectively and zero otherwise. Π contains all information relating to the long-

term period and Γi’s contain all information relating to the short-term period. εt  is a 31 

vector of error terms which is normally distributed and follows a Gaussian distribution with 

zero mean and variance and covariance matrix Ω i.e. εt ~ iid Np(0, Ω). 

Due to the presence of first differences (Δxt), the left hand side of the VECM Equation 

(3.1.2) is considered as stationary. But, the right hand side of the Equation (3.1.2) is not said 

so since it contains both stationary (Δxt-k) and non-stationary (xt-1) processes. For this, the 

coefficient matrix Π of the xt-1 must be either equal to zero or should have a reduced rank, 

because the outcome of the combination of stationary and non-stationary processes is 

considered as non-stationary process. The reduced rank of Π indicates the number of 

equilibrium relationships in the system and as a result it confirms the existence of stationary 

relationships. Therefore, a linear combination of xt-1 would allow for the stationarity of Δxt. 

This linear combination can be determined through the relationship of Π=αβ’, where α and β’ 

are p×r matrices, p is the number of variables and r is the number of long-term equilibrium 

relationships. The matrix α is sometimes called the loading matrix and β΄ is called the 

cointegration matrix. On replacing Π=αβ΄ in Equation (3.1.2), we get Equation (3.1.3): 

 1 1 1 1' ... 3.1.3t t t k t k t tx x x x DUM                 

where tx , ν, Γi, DUMt, and εt are same as defined in Equation (3.1.2). 

As mentioned above, after having non-stationary data series with cointegrating 

relationships between the variables, a VECM is preferred to apply (Rezitis and Ahammad, 
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2015a). More specifically, non-stationarity of variables is checked by applying the standard 

methods. Then, a trace test procedure, proposed by Johansen and Juselius (1990), is applied 

to determine the number of cointegrating rank. The number of cointegrating rank represents 

the number of cointegrating relationships. After confirming the cointegrating relationships 

the imposition of restrictions (zero restriction) is required to identify the long-run structure. 

The imposed restrictions also yield empirically meaningful economic interpretations. It is 

also necessary to run some tests for checking the robustness of the variables. For example, 

the use of the variable exclusion test which provides useful information regarding which 

variables can and which cannot be excluded from the system. The weak exogeneity test 

provides information about the variables whether they are weakly exogenous or not. 

3.1.3.3 Moving average model (MA) 

The application of the moving average model might give better econometric 

interpretation of the estimated coefficient of the VECM. The effects that might cause a 

possible shock to the endogenous variables are estimated by MA. The MA model is given by 

Equation (3.1.4): 

 0

1

3.1.4
t

t i t

i

x C ε C (L)ε X



    

where 
1

t

i

i

C ε


 are the stochastic trends, 
tC (L)ε consist of the stationary stochastic 

components, and 
0X  corresponds to the initial values of the system. Here, C is equal to 

C ΄   which shows how the cumulated residuals of each VECM equation load into each 

of the variables and 
is given by 

' 1( )    

      which shows how the variables react 

to the common stochastic trends (p-r) of the system. Γ is defined as Equation (3.1.2) and α 

and β as Equation (3.1.3). Considering C ΄   the Equation (3.1.4) can again be written 

as: 
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  represent the common stochastic trends of representation (3.1.4), and ( )C L
 is 

given by t

t LCLCLCCLC   ...)( 2

210
 which consists of an infinite order polynomial 

in the lag operator L. ( )C L
 is determined as a matrix that estimates the permanent and 

transitory impacts of the shocks of the residuals of Equation (3.1.3) to the endogenous 

variables of the VECM (3.1.3). 

3.1.3.4 Structural moving average model (SMAM) 

The long-term impact of the residuals on the endogenous variables can be examined by 

the moving average (MA) model; however their structural analysis and the estimation of the 

duration of the impact cannot be examined. The structural separation of the transitory and the 

permanent shock according to their short-term and long-term impacts are achieved by 

orthogonalizing the residuals with the Choleski decomposition which is given by Equation 

(3.1.6): 

 1 1
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3.1.6  
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x CΒ u C (L)Β u X  



    

where 
-1 ' 1CΒ C   

    , ut = Α0 εt, and )(
~

)( 1 LCBLC    (Giese, 2005). C
~

 is a matrix of 

long-run impacts and consists of p-r nonzero and r zero columns. The number of zero 

columns correspond to the transitory shocks while, the number of nonzero columns 

corresponds to the number of the common trends and defines the permanent shocks of the 

system. ut represents the orthogonalized residuals of the VECM in Equation (3.1.3), where  

Α0 is a diagonal pp matrix that achieves orthogonality of the εt error terms of Equation 

(3.1.3). 
0X  is defined as in Equations (3.1.4) and )(

~
LC  is defined as in Equations (3.1.5). 

3.1.3.5 Impulse response functions (IR) 
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The impulse response function is given by Equation (3.1.7): 

 *

,( )   (  )  ,    3.1.7t n t nR n response x u C C i N     

where ( )R n  is the response to t nx   from a shock to tu  which is defined as Equation (3.1.6), 

C  is a matrix of long-term impacts, and 
*

nC  is a matrix of contemporaneous impacts after n 

periods (Dennis, 2006). The impulse response functions measure the degree of impulse 

response of a transitory or permanent shock to the each of the endogenous variables. Thus, 

the impulse response functions can estimate the present and future responses of the per capita 

agricultural productions which are due to an unexpected shock of one or more standard 

deviations. 

3.1.3.6 Markov-switching vector error correction model (MS-VECM) 

The application of MS-VECM is required for identifying the regime switching behaviors 

during the transmission of per capita agricultural production of three SAARC countries. A 

MS-VECM is given by Equation (3.1.8): 

 1 1 1 1 1( ) ( )( ' ) ( ) ... ( ) with t  1,2, ,T        3.1.8t t t t t t k t t k tx s a s x s x s x                  

where xt is a vector containing the log per capita agricultural production of India (lpcapit), log 

per capita agricultural production of Pakistan (lpcappt) and log per capita agricultural 

production of Bangladesh (lpcapbt); β΄ is the cointegration matrix; while the parameter shift 

functions )( tsa , )( ti s  and ( )ts  describe the dependence of the parameters on a stochastic 

and unobservable regime st. Specifically, )( tsa , )( ti s  and ( )ts  represent the shifts in the 

loading matrix of the equilibrium correction mechanism, the shifts in the short-run dynamics, 

and the regime-dependent intercept term, respectively. εt  is a vector of error term which is 

normally distributed and follows a Gaussian distribution with zero mean and variance and 

covariance matrix Σ i.e. t ~ NID (0, Σ(st)), where the error variance Σ(st) is allowed to 

change across regimes (st). 
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The regimes st generating process has to be formulated since the parameters of Equation 

(3.1.8) are based upon a regime that is considered to be stochastic and unobservable. This 

regime-generating process is called ergodic Markov chain because it is possible to go from 

one regime to another. The matrix of transition probabilities P is given by Equation (3.1.9): 

11 12 1

21 22 2

1 2

M

M

M M MM

p p p

p p p
P

p p p

 
 
 
 
 
  

                     (3.1.9) 

where 
1

1

Pr( | ), 1 , {1,...., }
M

ij t t ij

j

p s j s i p i j M



       with M corresponding to 

the number of feasible regimes. More specifically, 
ijp represents the probability of being the 

ergodic Markov chain at the next time-point in regime j; given that it is at the present moment 

in regime i (Krolzig, 1996). The sum of each row of P must be equal to one, while the 

probability of being in one regime should not be too high (near or equal to one), as in that 

case the regime would never or hardly ever be left (Giese, 2005). Furthermore, the regime-

switching probabilities vary over time depending on how far the process moves away from 

the long-term equilibrium mean (Rahbek and Shephard, 2002). 

Generally a two-stage procedure is applied to estimate the MS-VECM. Firstly, the 

Johansen and Juselius maximum likelihood (ML) multiple cointegration analysis (Johansen, 

1996; Juselius, 2006) is employed to determine the number of long-run relationships as well 

as to estimate the cointegrating parameters. Secondly, the cointegrating relations found are 

then included in the MS-VECM as exogenous variables, and the ML procedure of the MS-

VECM model is used to estimate the result which is based on a version of the expectation-

maximization (EM) algorithm developed by Krolzig (1996). This version is an iterative ML 

estimation technique which is formulated for a general class of models where the observed 
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time series depends on some unobservable stochastic variables i.e. the unobservable regime 

variable st. The expectation and the maximization are the two steps of EM procedure. 

Finally, the MS-VECM approach can be followed according to the parameters that are 

allowed to switch. In this section, the coefficients and variances were allowed to switch and 2 

regimes were accepted with a-priori basis. Moreover, one lag was accepted based on Hannan-

Quinn (HQ) criterion (Hannan and Quinn, 1979). Thus, the estimated model was MS(2)-

VECM(1). 

3.1.4 Data 

The data set used in this section is discussed in Chapter 2. 

3.1.5 Empirical results 

3.1.5.1 Stationarity test 

To check the stationarity of the data, this section applied various unit root tests, these 

were the Augmented Dickey–Fuller (ADF) test proposed by Dickey and Fuller (1981), the 

Phillips–Perron (PP) test proposed by Phillips and Perron (1988), the Kwiatkowski–Phillips–

Schmidt–Shin (KPSS) test proposed by Kwiatkowski et al. (1992), and the Elliott–

Rothenberg–Stock (ERS) test proposed by Elliott et al. (1996). These four unit root tests 

provided evidence that the variables, namely the log per-capita agricultural production of 

India (lpcapi), Pakistan (lpcapp) and Bangladesh (lpcapb), were stationary in their first 

difference. However, only the ERS test showed the non-stationarity of all variables in their 

levels. The ADF, PP and KPSS tests showed that lpcapi was non-stationary in the level when 

only the intercept was considered. The ADF and PP tests also displayed that lpcapp and 

lpcapb were non-stationary in the level when the intercept as well as the trend and intercept 

were considered. On the other hand, KPSS test showed that lpcapp was non-stationary in the 

level when only the intercept was considered, whereas lpcapb was stationary in levels. Thus, 

the aforementioned four unit root tests provided the evidence that the variables were non-
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stationary in levels, but stationary in the first differences. As a result, the current study 

proceeded further to test the cointegration. The results of the unit root tests for the three 

variables, viz. lpcapi, lpcapp and lpcapb, are reported in Table 3.1.1, in which the last 

column provides the details of the unit root tests. In particular, SIC is the Schwartz 

Information Criterion used for the selection of lags and NW is the Newey–West bandwidth 

choice criterion used for the choice of the bandwidth, while B and SOLS are the Bartlett 

kernel suggested by Newey and West (1994) and Autoregression Spectral Ordinary Least 

Squares spectral estimation methods, respectively. 

Table 3.1.1: Unit root test results of three variables 

Variables Test Level First difference Details 

lpcapi ADF 0.418371 -9.845147*** SIC, Int 

lpcapi ADF -3.989298** -10.05043*** SIC, Int, Tr 

lpcapi PP 0.821535 -10.81531*** NW, B, Int 

lpcapi PP -3.884851** -12.94864*** NW, B, Int, Tr 

lpcapi KPSS 0.896067 0.372770** NW, B, Int 

lpcapi KPSS 0.170080** 0.139941** NW, B, Int, Tr 

lpcapi ERS 37.92896 1.986733** SIC, SOLS, Int, 

lpcapi ERS 11.83934 4.731364** SIC. SOLS, Int, Tr 

     

lpcapp ADF -1.249482 -8.245095*** SIC, Int 

lpcapp ADF -2.979067 -8.157508*** SIC, Int, Tr 

lpcapp PP -1.192385 -8.888739*** NW, B, Int 

lpcapp PP -2.950121 -8.751997*** NW, B, Int, Tr 

lpcapp KPSS 0.909147 0.117142* NW, B, Int 

lpcapp KPSS 0.093564* 0.098810* NW, B, Int, Tr 

lpcapp ERS 61.38313 2.247669** SIC, SOLS, Int, 

lpcapp ERS 7.783065 4.693939** SIC. SOLS, Int, Tr 

     

lpcapb ADF -0.702475 -8.305528*** SIC, Int 

lpcapb ADF -0.591771 -8.965194*** SIC, Int, Tr 

lpcapb PP -0.470174 -8.262652*** NW, B, Int 

lpcapb PP 0.180341 -9.488098*** NW, B, Int, Tr 

lpcapb KPSS 0.213120* 0.561203*** NW, B, Int 

lpcapb KPSS 0.214391*** 0.142332** NW, B, Int, Tr 

lpcapb ERS 9.218775 2.931056** SIC, SOLS, Int, 

lpcapb ERS 26.87966 4.795882** SIC. SOLS, Int, Tr 
Note: lpcapi, lpcapp and lpcapb are the log per capita agricultural production of India, Pakistan and Bangladesh, 

respectively. SIC is Schwartz Information Criterion, Int is Intercept, Tr is linear trend, NW is Newley-West 

bandwith choice, B is Bartlett kernel, SOLS is Spectral OLS. ***, **, and * represent that variables are 

stationary at 1%, 5%, and 10% significant levels, respectively. 
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3.1.5.2 Vector error correction model (VECM) 

After estimating Equation (3.1.3), this study implements a residual analysis to conduct 

misspecification tests. Table 3.1.2 reports some of the misspecification test results such as the 

Lagrange multiplier autocorrelation test following the chi-squared test with 9 degrees of 

freedom, normality test following the chi-squared test with 6 degrees of freedom and 

heteroskedasticity test following the chi-squared test with 36 and 72 degrees of freedom. The 

results of the residual analysis show that the residuals are not autocorrelated, as the p-values 

of the Lagrange multiplier of order 1 and 2 are not significant. The chi-squared test shows 

that there is normality of the residuals and that they do not suffer from heteroskedasticity, as 

according to the ARCH test, the null hypothesis of homoscedasticity cannot be rejected at 

any level of significance. The results of the univariate analysis of the three variables also 

show a good fit of the model. 

 

Table 3.1.2: Residual analysis 

Tests for autocorrelation Test for normality Test for ARCH 

LM(1): 

Chi square (9) = 9.317 

[0.409] 

Chi square (6) = 4.799 

[0.570] 

LM(1): 

Chi square (36) = 41.931 

[0.229] 

LM(2): 

Chi square (9) = 9.006 

[0.437] 

LM(2): 

Chi square (72) = 75.020 

[0.381] 

 Mean Std Dev. Skewness Kurtosis ARCH(2) Normality 

Δlpcapi -0.000 0.030 -0.572 3.154 2.454 [0.293] 3.019  [0.221] 

Δlpcapp 0.000 0.022 -0.119 3.126 3.076 [0.215] 1.022  [0.600] 

Δlpcapb -0.000 0.042 -0.077 2.904 0.397 [0.820] 0.378  [0.828] 
Notes: Where Δlpcapi, Δlpcapp and Δlpcapb are the first differences of the per capita agricultural production of 

India (lpcapi), Pakistan (lpcapp) and Bangladesh (lpcapb) in logs. The values within the brackets correspond to 

the p-values of each variable. 

 

The good results of the misspecification tests allow this study to provide additional 

information on the issue of the determination of the cointegrating rank. The cointegrating 

rank refers to the long-run equilibrium relation determined by using the trace test. The trace 

test requires determining which eigenvalues correspond to stationary and which to 
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nonstationary relations. A small eigenvalue is an indication of a unit root and this suggests a 

nonstationary process. The trace test was corrected by using the Bartlett factor for small 

samples, which is represented by the starred trace statistics and p-values. According to the 

results and taking into consideration the Bartlett factor for small samples (Table 3.1.3), the 

hypothesis of zero cointegration rank (r=0) is rejected but the hypothesis of one cointegration 

rank (r=1) is very close to rejection at the 10% significance level (i.e. 10.3%). In this case, an 

additional indicator is considered, namely the roots for the cointegrating rank test (Table 

3.1.4). The roots for the cointegrating rank test suggest r=2 and the existence of one unit root 

(p-r=1) as the modulus value (0.94) of root 2 is smaller than 1. The selection of two (r=2) 

long-term equilibrium relations is also confirmed by checking the estimates of the elements 

in alpha (α matrix discussed in Equation 3.1.3) presented in Table 3.1.5. Note that only the 

first two columns of the estimates of the elements in alpha contain statistically significant 

estimates, which would indicate r=2 since the dimension of α would be reduced from 3×3 to 

3×2. 

 

Table 3.1.3: Trace test of cointegrating rank 

p-r r Eigenvalue=λ Trace Trace* Frac95 P-Value P-Value* 

3 0 0.318 29.392 27.474 24.214 0.009 0.018 

2 1 0.189 11.017 10.395 12.282 0.082 0.103 

1 2 0.020 0.952 0.696 4.071 0.383 0.466 
Note: The trace test considering the Bartlett factor for small samples is represented by Trace* and p-value*.  

 

Table 3.1.4: Roots for cointegrating rank, r=2 

Roots Real Imaginary Modulus Argument 

Root1 1.000 0.000 1.000 0.000 

Root2 0.940 0.000 0.940 0.000 

Root3 0.504 0.000 0.504 0.000 

 

Table 3.1.5: Estimates of the elements in alpha 

 Alpha(1) Alpha(2)) Alpha(3 

Δlpcapi -0.017 (-3.983) 0.003 (0.748) -0.002 (-0.482) 

Δlpcapp 0.007 (2.123) 0.007 (2.053) -0.002 (-0.637) 

Δlpcapb -0.013 (-2.129) 0.017 (2.798) 0.002 (0.308) 
Note: Values in parentheses correspond to the t-values. 
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After confirming the two cointegrating ranks (r=2), this section describes the application 

of some additional tests, namely stationarity, weak exogeneity and variable exclusion. For 

stationarity, the chi-squared test provides evidence that none of the variables are stationary at 

the 5% level (Table 3.1.6). The weak exogeneity test is employed to check the importance of 

each variable for the long-run equilibrium relationship. The result of the weak exogeneity test 

with rank (r=2) provides evidence that none of the variables is weakly exogenous (Table 

3.1.7). Furthermore, the variable exclusion test provides evidence that none of the variables is 

excluded from the system, as their corresponding p-values with the chosen rank (r=2) are 

significant at the 5% level (Table 3.1.8). 

 

Table 3.1.6: Test of stationarity 

r DF 5% C.V. lpcapi lpcapp lpcapb 

1 2 5.991 12.678 [0.002] 12.727 [0.002] 13.272 [0.001] 

2 1 3.841 4.393 [0.036] 4.461 [0.035] 4.972 [0.026] 
Note: Values in brackets correspond to the P-values, r stands for rank, DF stands for degrees of freedom. 

 

Table 3.1.7: Test of weak exogeneity 

r DF 5% C.V. lpcapi lpcapp lpcapb 

1 1 3.841 7.671 [0.006] 2.448 [0.118] 1.919 [0.166] 

2 2 5.991 13.347 [0.001] 7.406 [0.025] 10.120 [0.006] 
Note: Values in brackets correspond to the P-values, r stands for rank, DF stands for degrees of freedom. 

 

Table 3.1.8: Test of exclusion 

r DF 5% C.V. lpcapi lpcapp lpcapb 

1 1 3.841 6.766 [0.009] 7.877 [0.005] 2.412 [0.120] 

2 2 5.991 14.326 [0.001] 16.544 [0.000] 7.015 [0.030] 
Note: Values in brackets correspond to the P-values, r stands for rank, DF stands for degrees of freedom. 

 

It is widely accepted that the imposition of restrictions in an econometric model may 

produce plausible economic conclusions. The imposition of zero restrictions on β is justified, 

as the likelihood ratio (LR) test is equal to 0.952 with a p-value of 0.621. Furthermore, these 

zero restrictions provide the following relations. 

i) Between the per capita agricultural production of Pakistan and India: 

(215.878)           

0.994
                
lpcapp lpcapi
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where lpcapp is the log per capita agricultural production of Pakistan and lpcapi is the log per 

capita agricultural production of India, while the value in parentheses corresponds to the t-

value. From the equation, it is observed that a 1% increase in the log per capita agricultural 

production of India would increase the log per capita agricultural production of Pakistan by 

0.994%. 

ii) Between the per capita agricultural production of India and Bangladesh  

(35.309)           

0.906
                
lpcapi lpcapb

 

where lpcapi is the log per capita agricultural production of India and lpcapb is the log per 

capita agricultural production of Bangladesh, while the value in parentheses corresponds to 

the t-value. From the equation, it is observed that a 1% increase in the log per capita 

agricultural production of Bangladesh would increase the log per capita agricultural 

production of India by 0.906%. 

3.1.5.3 Moving average model (MA) 

The MA representation can identify common trends of the cumulated residuals to the 

variables in the system. The information on the cumulated residuals to the variables is clearly 

explained by the C matrix of Equation (3.1.4), which is presented in Table 3.1.9. The last 

column of the C matrix of Table 3.1.9 shows that the cumulated residuals from the per capita 

agricultural production of Bangladesh (lpcapb) do not have a significant impact on any 

variable because the estimates of this column are not statistically significant. The cumulated 

residuals from the per capita agricultural production of India (lpcapi) and Pakistan (lpcapp) 

have positive impacts on all variables. The cumulated residuals of lpcapi and lpcapp are 

statistically significant and form the common trend. Examining the rows of the C matrix 

shows that lpcapi and lpcapp are influenced by the residuals of each other and by their own 

residuals, which demonstrates that lpcapb has no dominant power to influence the per capita 

agricultural production of India and Pakistan. However, lpcapb is influenced by the residuals 
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of lpcapi and lpcapp but not by its own residuals, which suggest adjusting behavior. This 

finding is expected because Bangladesh’s agricultural economy is weaker than those of the 

other two countries and because it compensates for its agricultural production deficiency by 

importing from India and Pakistan. 

 

Table 3.1.9: The long-run impact matrix, C 

 lpcapi lpcapp lpcapb 

lpcapi 0.522 (2.534) 0.659 (3.440) -0.354 (-1.517) 

lpcapp 0.519 (2.534) 0.655 (3.440) -0.352 (-1.517) 

lpcapb 0.576 (2.534) 0.727 (3.440) -0.391 (-1.517) 
Note: Where lpcapi, lpcapp and lpcapb are the per capita agricultural production of India (lpcapi), Pakistan 

(lpcapp) and Bangladesh (lpcapb) in logs, while the values in the parentheses correspond to the t-values of each 

variable. 

 

3.1.5.4 Structural moving average model (SMAM) 

Table 3.1.10 depicts the structural long-run impacts of the model, which examines the 

structural analysis as well as the impact duration of the residuals of each variable. The zero 

columns of the table represent transitory shocks and the nonzero column represents 

permanent shocks. The last column of Table 3.1.10 shows that a permanent shock to the per 

capita agricultural production of Bangladesh causes a positive effect to itself and to the other 

two variables. The structural shock is high and equally affects the per capita agricultural 

production of India and Pakistan, although it is highest for itself. This is due to the 

diversification of the agricultural production of these countries. Agricultural production is 

more diversified in the case of India and Pakistan compared with Bangladesh. 

Table 3.1.10: Structural long-run impact matrix, CB-1 

 Transitory (1) Transitory (2) Permanent (1) 

lpcapi -0.000 0.000 0.906 

lpcapp -0.000 0.000 0.901 

lpcapb -0.000 0.000 1.000 
Note: lpcapi, lpcapp and lpcapb are the per capita agricultural production of India (lpcapi), Pakistan (lpcapp) 

and Bangladesh (lpcapb) in logs. 
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Table 3.1.11 presents the transitory and permanent impacts after 70 periods. The table 

shows that transitory impacts are very low and might be considered to be null impacts, while 

permanent impacts are high and quite similar. 

Table 3.1.11:  Impacts after 70 periods 

 Transitory (1) Transitory (2) Permanent (1) 

lpcapi 0.003 0.006 2.195 

lpcapp 0.005 0.009 2.179 

lpcapb 0.020 0.036 2.388 

 

3.1.5.5 Impulse response functions of VECM 

Figure 3.1.1 shows the impulse response functions under VECM of the three variables 

within a time interval of 70 periods.  

 
Figure 3.1.1: Impulse response functions of VECM 

 

Transitory shock (1) and transitory shock (2) represent transitory shocks and permanent 

shock (1) represents the permanent shock of the system. The first column [Transitory shock 

(1)] of Figure 3.1.1 shows that an unexpected shock to the per capita agricultural production 

of India has transitory positive effects on it and on the per capita agricultural production of 

Bangladesh, while the per capita agricultural production of Pakistan is negatively influenced. 

The second column [Transitory shock (2)] of Figure 3.1.1 again shows that a sudden shock to 

the per capita agricultural production of Pakistan has transitory positive impacts on it and the 

other two variables. These transitory shocks are said to be short-term effects that converge 

Steps 1 to 70 

log per-capita agricultural      

production of Pakistan 

log per-capita agricultural      

production of Bangladesh 

Transitory shock (1) Transitory shock (2) Permanent shock (1) 

log per-capita agricultural      

production of India 
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later on. Finally, the third column [Permanent shock (1)] of Figure 3.1.1 shows that an 

unexpected permanent shock to the per capita agricultural production of Bangladesh will 

causes a long-term disequilibrium of lpcapi, lpcapp and lpcapb. 

3.1.5.6 Markov-switching vector error correction model (MS-VECM) 

This section next employs MS-VECM in order to account for the structural breaks in the 

per capita agricultural production of Bangladesh, India and Pakistan. Structural breaks are 

defined as regime switches over the period, where certain parameters are allowed to vary 

between periods. This section considers two regimes and includes one lag that has produced 

two variance-covariance matrices as well as one transition matrix. The estimated results of 

MS(2)-VECM(1) is reported in Table 3.1.12. 

Table 3.1.12 clearly shows that the estimated coefficients differ between these two 

regimes. It is also observed that regime 1 is characterized as a low volatility regime since the 

variances of lpcapi, lpcapp and lpcapb are 0.0007, 0.0003 and 0.0006, respectively, which 

are lower than the corresponding variances of regime 2. Thus, regime 2 is characterized as a 

high volatility regime. The average duration of the low volatility regime (regime 1) is 6.757 

years and that of the high volatility regime (regime 2) is 8.333 years, which is calculated by 

using the formula 
1(1 )d P   , where P is the probability of the agricultural production 

transmission staying in the same regime. The number of observations for each regime is 24, 

which is selected considering the smoothed probability, which is higher than 0.5. Moreover, 

there is a high probability of regime 2 staying in the same regime compared with regime 1, 

since the probability of regime 2 (0.880) is higher than that of regime 1 (0.852). 
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Table 3.1.12: Coefficients of the MS(2)-VECM(1) 

 Regime 1 Regime 2 

Δlpcapi Δlpcapp Δlpcapb Δlpcapi Δlpcapp Δlpcapb 

Variables Coefficient Coefficient Coefficient Coefficient Coefficient Coefficient 

Constant 0.009  

(0.659) 

-0.031  

(0.024) 

-0.027  

(0.165) 

0.012  

(0.361) 

0.010  

(0.353) 

-0.025  

(0.221) 

Δlpcapi_1 0.361  

(0.108) 

-0.155  

(0.304) 

0.637  

(0.002) 

-0.733  

(0.000) 

0.194  

(0.164) 

-0.721  

(0.007) 

Δlpcapp_1 -0.405  

(0.069) 

-0.215  

(0.166) 

0.324  

(0.118) 

0.430  

(0.072) 

0.242  

(0.217) 

0.855  

(0.027) 

Δlpcapb_1 0.142  

(0.438) 

-0.309  

(0.022) 

-0.060  

(0.733) 

0.197  

(0.078) 

-0.107  

(0.235) 

-0.115  

(0.508) 

Ect1 0.846  

(0.000) 

-0.557  

(0.000) 

0.118  

(0.497) 

0.263  

(0.103) 

-0.056  

(0.640) 

-0.061  

(0.798) 

Ect2 0.024  

(0.656) 

0.098  

(0.007) 

0.031  

(0.533) 

-0.023  

(0.501) 

-0.017  

(0.532) 

0.112  

(0.036) 

Variance 0.0007  

(0.001) 

0.0003  

(0.001) 

0.0006  

(0.001) 

0.0007  

(0.001) 

0.0005  

(0.000) 

0.0018  

(0.001) 

Duration 6.757 8.333 

No. of 

observations 
24 24 

P 0.852 0.880 
Notes: Δlpcapi, Δlpcapp and Δlpcapb are the first differences of the per capita agricultural production of India (lpcapi), Pakistan (lpcapp) and Bangladesh (lpcapb) in logs, 

Δlpcapi_1, Δlpcapp_1 and Δlpcapb_1 are the variables of lag one, Ect is error correction term, P is the probability, while the values within the parentheses correspond to the 

p-values of each variable. 
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The smooth probabilities of regime 1 are given in Figure 3.1.2. From this graph, it is 

clearly identified that the low volatility regime (regime 1) dominated the years 1965–1966, 

1978–1996 and 2007–2009. On the other hand, the high volatility regime (regime 2) 

dominated the years 1963–1964, 1967–1977, 1997–2006 and 2010. The low volatility of 

regime 1 can be related to the following changes in the institutional and agricultural policies 

taken by India, Pakistan and Bangladesh. Pakistan set up an agricultural price commission in 

1981, while India established the National Bank for Agriculture and Rural Development 

(NABARD) in 1982, started economic reforms in 1991 and implemented the World Trade 

Organization Agreement on Agriculture in 1995. Finally, Bangladesh implemented its seed 

policy in 1993 for ensuring balanced production in agriculture. 

 

 
Figure 3.1.2: The smoothed probabilities of regime 1 for the MS(2)-VECM(1) model 

 

The following changes to institutional and agricultural policies might be linked with the 

high volatility of regime 2. The Indus river treaty between India and Pakistan in 1960 and 

implementation of the green revolution by India and Pakistan in 1966 might have increased 

the volatility of agricultural production. The implementation of land reforms in 1972 by India 

and Pakistan included a ceiling of land on individual holdings. The Government of 

Bangladesh implemented its national agriculture policy in 1999 and actionable policy brief in 

2004 to boost land, labor and water productivity, which might have caused the high volatility 
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of regime 2. Moreover, some natural disasters might also have caused the high volatility of 

regime 2. In particular, a devastating cyclone struck Bangladesh and part of India in 1970. 

The drought of Pakistan happened between 1998 and 2002, which is the worst one in the past 

50 years. The drought of India happened in 2002 and this was ranked as a hydrological 

drought. Finally, the war between Bangladesh and Pakistan in 1971 clearly shows the effects 

of high volatility on agricultural production in regime 2. 

3.1.5.7 Causality test 

The results of the t-tests for short- and long-term causality are presented in Table 3.1.12. 

This study also performed Wald tests to examine the short- and long-term causality which are 

presented in Table 3.1.13. Note that the results of the t-tests and those of the Wald statistics 

support the same causal effects among the countries under consideration. More specifically, 

the test results of the low volatility regime (regime 1) have shown that India (lpcapi) is 

adjusting to the long-term deviation from the equilibrium generated from the relation between 

Pakistan and India (Ect1) since the coefficient of the error correction term (i.e. 0.846, from 

Table 3.1.12) is statistically significant at 1% level of significance (i.e. the Wald test statistic 

is 21.705 with p-value 0.000, from Table 3.1.13) and it requires about 1.18 years to adjust. 

However, India (lpcapi) is not adjusting to the long-term deviation from the equilibrium 

generated from the relation between India and Bangladesh (Ect2) since the coefficient of the 

error correction term (i.e. 0.024, from Table 3.1.12) is not statistically significant at any 

conventional level of significance (i.e. the Wald test statistic is 0.198 with p-value 0.656). 

Pakistan (lpcapp) is adjusting to the long-term deviation from the equilibrium generated 

from the both relations (i.e. Ect1 and Ect2) since the coefficients of error correction terms 

(i.e. -0.557 and 0.098, from Table 3.1.12, respectively) are statistically significant at 1% level 

of significance (i.e. the Wald test statistics are 19.097 and 7.177 with p-values 0.000 and 

0.007, respectively). Pakistan (lpcapp) needs about 1.80 years and 10.20 years to adjust to the 
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long-term deviation of Ect1 and Ect2, respectively. On the contrary, Bangladesh (lpcapb) is 

not adjusting to the long-term deviation from the equilibrium of any relation (i.e. Ect1 and 

Ect2) since its coefficients of error correction terms (i.e. 0.118 and 0.031, from Table 3.1.12, 

respectively) are not statistically significant at any conventional level of significance (i.e. the 

Wald test statistics are 0.462 and 0.388 with p-values 0.497 and 0.533, respectively). Thus 

lpcapb can be considered as an exogenous variable. In the short-term, lpcapi reacts to lagged 

changes in lpcapp (i.e. the Wald test statistic is 3.298 with p-value 0.069), while lpcapp 

reacts to lagged changes in lpcapb (i.e. the Wald test statistic is 5.259 with p-value 0.022). 

Finally, lpcapb responds to lagged changes in lpcapi (i.e. the Wald test statistic is 9.149 with 

p-value 0.002), indicating the existence of unidirectional causality which is directed from 

Pakistan to India, Bangladesh to Pakistan and India to Bangladesh. 

On the other hand, for the high volatility regime (regime 2), India (lpcapi) is not adjusting 

to the long-term deviation from the equilibrium of any relation (i.e. Ect1 and Ect2) since its 

coefficients of error correction terms (i.e. 0.263 and -0.023, from Table 3.1.12, respectively) 

are not statistically significant at any conventional level of significance (i.e. the Wald test 

statistics are 2.662 and 0.453 with p-values 0.103 and 0.501, respectively). Similarly, 

Pakistan (lpcapp) is not adjusting to the long-term deviation from the equilibrium of any 

relation (i.e. Ect1 and Ect2) since its coefficients of error correction terms (i.e. -0.056 and -

0.017, from Table 3.1.12, respectively) are not statistically significant at any conventional 

level of significance (i.e. the Wald test statistics are 0.218 and 0.390  with p-values 0.640 and 

0.532, respectively). Thus, lpcapi and lpcapp can be considered as exogenous variables. 

Bangladesh (lpcapb) is not adjusting to the long-term deviation from the equilibrium 

generated from the relation between Pakistan and India (Ect1) since the coefficient of the 

error correction term (i.e. -0.061, from Table 3.1.12) is not statistically significant at any 

conventional level of significance (i.e. the Wald test statistic is 0.066 with p-value 0.798). 
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However, Bangladesh (lpcapb) is adjusting to the long-term deviation from the equilibrium 

generated from the relation between India and Bangladesh (Ect2) since the coefficient of the 

error correction term (i.e. 0.112, from Table 3.1.12) is statistically significant at 5% level of 

significance (i.e. the Wald test statistic is 4.404 with p-value 0.036) and it requires about 8.9 

years to adjust. In the short-term, lpcapb responds to lagged changes in lpcapi and lpcapp 

(i.e. the Wald test statistics are 7.396 and 4.913 with p-values 0.007 and 0.027, respectively). 

Further, lpcapi reacts to lagged changes in lpcapp, lpcapb (i.e. the Wald test statistics are 

3.234 and 3.116 with p-values 0.072 and 0.078, respectively) and lagged changes in its own 

agricultural production (i.e. the Wald test statistic is 18.906 with p-value 0.000), indicating 

bidirectional causality between lpcapi and lpcapb. However, lpcapp does not respond to the 

lagged changes of any variables, indicating that it is not dominated by any country when the 

volatility of agricultural production is high. Finally, the adjustments to the long-term 

deviation from the equilibrium of all countries are opposite their regimes (i.e. countries 

adjusting to one regime, do not adjust to the other regime). 

 

Table 3.1.13: Wald test results 

 Δlpcapi_1 Δlpcapp_1 Δlpcab_1 Ect1 Ect2 

Regime 1 

Δlpcapi 2.58599  

(0.108) 

3.29776  

(0.069) 

0.60148  

(0.438) 

21.70486  

(0.000) 

0.19849  

(0.656) 

Δlpcapp 1.05806  

(0.304) 

1.91450  

(0.166) 

5.25879  

(0.022) 

19.09746  

(0.000) 

7.17709  

(0.007) 

Δlpcapb 9.14908  

(0.002) 

2.44042  

(0.118) 

0.11639  

(0.733) 

0.46190  

(0.497) 

0.38829  

(0.533) 

Regime 2 

Δlpcapi 18.90559  

(0.000) 

3.23378  

(0.072) 

3.11558  

(0.078) 

2.66216  

(0.103) 

0.45318  

(0.501) 

Δlpcapp 1.94012  

(0.164) 

1.52656  

(0.217) 

1.41170  

(0.235) 

0.21814  

(0.640) 

0.39037  

(0.532) 

Δlpcapb 7.39609  

(0.007) 

4.91298  

(0.027) 

0. 43912  

(0.508) 

0.06566  

(0.798) 

4.40415  

(0.036) 
Note: The values within the parentheses correspond to the p-value  
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3.1.5.8 Impulse response functions of MS-VECM 

Figure 3.1.3 displays the impulse response functions of MS-VECM. The first graph of 

regime 1 in Figure 3.1.3 shows that responses to a shock in the per capita agricultural 

production of India positively affects the per capita agricultural production of Bangladesh but 

negatively affects that of Pakistan (it requires about 10 years to come to the equilibrium 

level). The second graph of regime 1 shows that responses to a shock in the per capita 

agricultural production of Pakistan positively affects the per capita agricultural production of 

Bangladesh but negatively affects that of India (it requires about 7 years to come to the 

equilibrium level). The third graph of regime 1 shows that responses to a shock in the per 

capita agricultural production of Bangladesh positively affects the per capita agricultural 

production of India but negatively affects that of Pakistan (it requires about 9 years to come 

to the equilibrium level). 

By contrast, the first graph of regime 2 shows that responses to a shock in the per capita 

agricultural production of India negatively affects that of Bangladesh but positively affects 

Pakistan’s agricultural production (it needs about 7 years to come to the equilibrium level). 

The second graph of regime 2 shows that responses to a shock in the per capita agricultural 

production of Pakistan positively affects that of India and Bangladesh and that it requires 

about 5 years to come to the equilibrium level. The third graph of regime 2 shows that 

responses to a shock in the per capita agricultural production of Bangladesh positively affects 

that of India but negatively affects that of Pakistan (it requires about 8 years to come to the 

equilibrium level). A cursory look at Figure 3.1.3 shows that the agricultural production 

adjustments in regime 1 are smoother than those in regime 2, while the adjustments are faster 

in the case of a shock to agricultural production in Pakistan than to the agricultural 

production of either Bangladesh or India in both regimes. 
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Regime -1 

Responses to shock in Δlpcapi 

 
 

Responses to shock in Δlpcapp 

 
 

Responses to shock in Δlpcapb 

 
 

Regime -2 

Responses to shock in Δlpcapi 

 
 

Responses to shock in Δlpcapp 

 
 

Responses to shock in Δlpcapb 

 

 

Figure 3.1.3: Impulse response functions of MS-VECM, Δlpcapi, Δlpcapp and Δlpcapb are 

the first differences of the per-capita agricultural production of India, Pakistan and 

Bangladesh in logs, respectively. 

 

 

3.1.6 Conclusions 

The present section investigated the relationships and effects of the impulse responses of 

the per capita agricultural production of three SAARC countries, namely Bangladesh, India 
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and Pakistan, for the period 1961–2010. These three countries were selected since they 

convey very strong agricultural economic importance to the region. VECM and MS-VECM 

were then used to investigate the relationships between the per capita agricultural production 

of Bangladesh, India and Pakistan. The impulse response functions of VECM and MS-

VECM were also employed to investigate the responses of shocks to the per capita 

agricultural production of these countries. 

The findings of this section support the presence of two long-term cointegrating relations 

between per capita agricultural production: (i) Pakistan–India and (ii) India–Bangladesh. The 

restricted model is justified by the LR test. From the long-term relation between Pakistan and 

India, it is observed that an increase in the per capita agricultural production of India would 

increase the per capita agricultural production of Pakistan. Furthermore, the cointegrating 

relation between India and Bangladesh shows that an increase in the per capita agricultural 

production of Bangladesh would increase the per capita agricultural production of India. 

VECM provides results on the impulse response functions, which indicate that transitory 

impacts are very low (almost null), while permanent impacts are high and quite similar for 

the three countries under examination. 

Moreover, the MS-VECM findings show two volatile regimes: a low volatile regime 

(regime 1) and a high volatile regime (regime 2). The average duration of the low volatile 

regime is about 6.757 years and that of the high volatile regime is about 8.333 years. The 

smoothed probabilities of the model indicate that the high volatile regime has a stronger 

probability of staying in the same regime than that of the low volatile regime. Regime 2 

clearly holds the reasons that might play an important role behind the high volatility of the 

regime such as war, natural disasters, the implementation of the green revolution, land 

reforms and the various agricultural policies taken by Bangladesh, India and Pakistan.  
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MS-VECM provides the results on the use of impulse response functions for the low 

volatility regime (regime 1) and the high volatility regime (regime 2). In particular, it is found 

that the agricultural production adjustments in regime 1 are smoother than those in regime 2 

and that the adjustments are faster in the case of a shock to the agricultural production of 

Pakistan than to the agricultural production of either Bangladesh or India in both regimes. 
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SECTION–3.2 

Agricultural production growth and the interdependency of volatility spillovers between 

Bangladesh, India, and Pakistan using MGARCH model 

 

3.2.1 Introduction 

Bangladesh, India, and Pakistan have been experiencing interrelationships in many 

aspects, in which agriculture is one of the most important sectors. These three countries have 

a long bilateral exports-imports interrelationship, which is increasing day by day. The 

agricultural products are important parts of the export-import business in these three 

countries. India is one of Bangladesh’s major trading partners and accounted for 8.7% of 

Bangladesh’s global trade in 2008–2009. The exports of Bangladesh to India witnessed a 

widening of growth, which increased from USD 90 million in 2003–2004 to USD 280 

million in 2008–2009. Similarly, imports of Bangladesh from India also show growing 

trends, which have increased from USD 1600 million in 2003–2004 to USD 2840 million in 

2008–2009. In addition, trade between Bangladesh and Pakistan shows growing trends, of 

which exports of Bangladesh to Pakistan increased from USD 27.5 million in 2001–2002 to 

USD 86.8 million in 2010–2011. Similarly, imports of Bangladesh from Pakistan also show 

growing trends, which increased from USD 100.8 million in 2001–2002 to USD 669.3 

million in 2010–2011. Furthermore, bilateral trade between India and Pakistan shows that 

India’s exports to Pakistan was USD 164.6 million in 2001, which increased to USD 2235.8 

million in 2010, and India’s imports from Pakistan was USD 69.9 million in 2001, which 

increased to USD 248.4 million in 2010. 

The aforementioned trades are formal trades, though there is evidence of existing 

informal trades between these countries. The informal trade between Bangladesh and India 

was estimated to be about 1.4 times more than that of formal trade (Bakht, 1996). The size of 

the informal trade between Bangladesh and India has now decreased, but it is still equivalent 

to about three-fourths of the formal trade (World Bank, 2006). The size of the informal trade 
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between India and Pakistan varies from about USD 500 million to about five times the size of 

the formal trade (Acharya and Marwaha, 2012). Acharya and Marwaha (2012) also 

mentioned that agricultural trade between India and Pakistan is crisis driven. The size and 

trends of formal and informal trades between these countries suggest that there might be 

interdependency among the three countries. 

The first objective of this section is to investigate the agricultural production growth and 

the interdependency of volatility spillovers between per capita agricultural production of 

Bangladesh, India, and Pakistan. More specifically, this section examines per capita 

agricultural production growth volatility spillovers across countries by evaluating how own-

country shocks and volatility spillovers and cross-country shocks and volatility spillovers 

impact on agricultural production volatility of one country and how they are transmitted 

across countries under examination. The second objective of this section is to quantify the 

effects of independent shocks on expected conditional volatility in the three countries’ per 

capita agricultural production. To achieve these objectives, this section uses a multivariate 

generalized autoregressive conditional heteroskedasticity (MGARCH) model. The MGARCH 

model is specified by two equations: (a) a simple conditional mean equation (only intercept 

as exogenous) is used to specify the mean model part of MGARCH model, and (b) BEKK 

(1,1)  (Baba, Engle, Kraft, and Kroner) is used to specify the conditional variance equation 

part of MGARCH model. The volatility impulse response functions (VIRF) methodology 

developed by Hafner and Herwartz (2006) is employed to investigate the effects of 

independent shocks on expected conditional volatility. Generally, MGARCH models have 

predominantly been used for analyzing the interdependency of volatility spillovers across 

international financial markets. However, at present MGARCH models represent the most 

suitable methodology for examining the interaction effects of GDP volatility spillovers and 

economic growth across various countries. 



86 

 

The stochastic characteristics of the aforementioned approach provide an important 

econometric tool for performing better statistical analysis, which improves the interpretations 

of the interdependency of volatility spillovers of per capita agricultural production growth 

between Bangladesh, India, and Pakistan. Furthermore, in the related literature, there is 

abundant evidence regarding the examination of agricultural production linked to these three 

SAARC countries. However, there is limited evidence of investigations using the MGARCH 

approach to examine the volatility spillovers of the per capita agricultural production of these 

countries. 

The remainder of this section is presented as follows. The literature of the study is 

discussed in subsection 3.2.2. Subsection 3.2.3 presents a detailed outline of the models. 

Subsection 3.2.4 describes the details of the data used in this section. Subsection 3.2.5 reports 

the estimation results of this section. Subsection 3.2.6 offers the conclusions of the section. 

3.2.2  Literature review 

This section reviews the literature related to the dynamic relationships and 

interdependency of volatility spillovers by using the GARCH models. A number of studies 

investigate the growth and volatility transmission between different sectors using GARCH 

models. The literatures are especially related with prices and GDP growth. For example, 

Hamori (2000) investigated volatility in quarterly real GDP growth rates in the United States, 

the United Kingdom, and Japan using univariate GARCH models. This study used GARCH, 

threshold GARCH, and exponential GARCH models and utilized the maximum likelihood 

method to determine if the volatility is asymmetric. The empirical results of that study 

concluded that the GARCH version is the appropriate model to explain the volatility of real 

growth rates, suggesting the nonexistence of asymmetry between the volatility and growth 

rates for the three countries. Antonakakis and Badinger (2010) investigated the international 

spillovers of GDP growth and GDP growth volatility among the G7 countries by using 
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BEKK specification of the MGARCH model. The findings of the study indicate the presence 

of own-country and cross-country GDP growth volatility and GDP growth volatility 

spillovers effects among the G7 countries. Additionally, this study evidenced that the US is 

the dominant country in GDP growth volatility spillovers, which confirmed a unidirectional 

spillover to all G7 countries. Hassan and Malik (2007) examined the transmission of 

volatility and shocks among six US sectors, namely consumer, financial, technology, energy, 

health, and industry. They employed BEKK specification of the MGARCH model to examine 

the mean and conditional variance using daily returns data. The empirical findings of this 

paper evidenced that there is a significant transmission of volatility and shocks among six US 

sectors, indicating the presence of cross-market hedging and sharing of common information 

by investors in these sectors. 

Karunanayake et al. (2012a) used a MGARCH model on quarterly data from 1959:Q3–

2010:Q4 to investigate the interaction of volatility spillovers between stock market returns 

and GDP growth rates in the US, the UK, Canada, and Australia. Their findings showed that 

country specific cross-mean spillovers from GDP growth to stock market returns as well as 

from stock market returns to GDP growth exist only in the US. Furthermore, own-volatility 

and co-volatility spillovers within and across all eight series evidenced the interdependency 

of both stock returns and GDP growth for these four countries. Apergis and Rezitis (2003a) 

examined agricultural price volatility spillover effects across agricultural input, agricultural 

output, and retail food prices in Greece. This study revealed that the volatility of agricultural 

output prices is influenced by the volatility of both agricultural input and retail food prices. In 

addition, the volatility of agricultural output prices has a significant and positive impact on its 

own volatility. This study further concluded that agricultural output prices are more volatile 

than agricultural input and retail food prices. 
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Karunanayake et al. (2012b) utilized diagonal vector GARCH (DVECH) and constant 

conditional correlation (CCC) models to identify the magnitude of GDP growth volatility 

spillovers and cross-country conditional correlations across four countries — namely, 

Australia, Canada, the UK, and the US. The empirical results of that study identified the 

presence of significant cross-country GDP growth spillovers among these countries. This 

study also found a higher cross-country conditional correlation between the US and Canada 

than the other pairwise cross-country conditional correlation. This study finally concluded 

that positive spillovers effects from larger economies (the UK and the US) can influence the 

GDP growth rates of relatively smaller economies (Australia and Canada). Apergis and 

Rezitis (2003b) employed a methodology of GARCH models to examine the volatility 

spillover effects between relative food prices and specific macroeconomic fundamentals (i.e. 

exchange rates, money balances, inflation, and the deficit to income ratio) in Greece. The 

empirical results of that study showed that the volatility of specific macroeconomic 

fundamentals influenced the volatility of relative food prices in Greece. Furthermore, this 

study also evidenced that the volatility of relative food prices has a positive and statistically 

significant impact on its own volatility. Apergis and Rezitis (2011) analyzed food price 

volatility in Greece and investigated how it was affected by short-run deviations between 

food prices and macroeconomic factors, i.e. real deficit to income ratio, real money balance, 

real exchange rate, and per capita income. The estimation was done by using GARCH and 

GARCH-X models. The empirical results of that study confirmed the presence of a positive 

effect between the deviations and food price volatility in Greece. 

A number of studies investigate the linkages of volatility spillovers using the GARCH 

model in SAARC countries. For example, Asghar et al. (2011) utilized the exponential 

GARCH model to examine the linkage between inflation and inflation uncertainty in three 

SAARC countries — namely, India, Pakistan, and Sri Lanka. The findings of that study 
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supported the presence of asymmetric information and concluded that a positive shock to 

inflation might cause uncertainty in the future inflation of these three countries. Bhargava and 

Dania (2012) investigated the impacts of major world equity markets (the US, the UK, and 

China) on four SAARC countries’ equity markets (i.e. Bangladesh, India, Pakistan, and Sri 

Lanka). They used vector autoregressive model (VAR) to determine the presence of any 

dependency between SAARC equity markets and world equity markets, as well as a GARCH 

model to determine the presence of volatility spillovers. This study reported no dependency 

between SAARC equity markets and world equity markets. However, it confirmed the 

presence of volatility spillovers from the US, the UK, and China’s equity markets to 

Bangladesh, India, and Sri Lanka’s equity markets. Hooy and Choong (2010) incorporated a 

multivariate asymmetric CCC-GARCH model to investigate the effect of exchange rate 

volatility on the bilateral trade between four SAARC countries, i.e. Bangladesh, India, 

Pakistan, and Sri Lanka. The empirical results suggested that the exchange rate volatility 

played an important role in explaining the pattern of exports in four SAARC countries. The 

results of that study also concluded that the exports of SAARC countries are negatively 

influenced by the exchange rate volatility, indicating that higher exchange rate fluctuation 

tends to reduce bilateral trade in the four SAARC countries. 

Considering the above literature, this section aims to investigate the growth and 

interdependency of volatility spillovers of the per capita agricultural production between 

Bangladesh, India, and Pakistan. 

3.2.3  Model 

3.2.3.1 The BEKK (1,1)model 

To estimate the agricultural production growth and the interdependency of volatility 

spillovers between Bangladesh, India, and Pakistan, this section used various models. The 
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following mean equation is estimated for each per capita agricultural production growth 

series given as: 

0 (3.2.1)it i ity      

where i = 1 for India, i = 2 for Pakistan, and i = 3 for Bangladesh; Δyit is a 3×1 vector of per 

capita agricultural production growth; μ0i is the intercept term for the country, i; and εit is 

country i’s own shocks and is assumed to be independently and identically distributed with 

zero mean and variance covariance Ht. In this study, the conditional mean, μ0i, is assumed to 

be constant instead following an autoregressive moving average (ARMA) process. This is 

due to the potential estimation problems that might be caused if an ARMA process is added 

to the conditional mean (Enders 2010). The equation (3.2.1) serves as the mean equation for 

the BEKK model. 

Equation system (3.2.1), in matrix form, is given by: 

1 01 1

2 02 2

3 03 3

(3.2.2)

t t

t t

t t

y

y

y

 

 

 

     
     
  
     
          

 

Note that the analytical form of the conditional mean of agricultural production (3.2.2) is 

given by: 

1 01 1 (3.2.2.1)t ty      

2 02 2 (3.2.2.2)t ty      

3 03 3 (3.2.2.3)t ty    
 

This section employed BEKK (1,1) parameterization of a MGARCH model for the 

conditional variance and covariance matrix, which was originally proposed by Engle and 

Kroner (1995). The acronym BEKK comes from the joint work of Baba, Engle, Kraft, and 

Kroner (Baba et al. 1991). The BEKK (1,1) model is given by: 

1 1 1 (3.2.3)t t t tH CC A A BH B   
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The individual elements of C, A, and B matrices in equation (3.2.3) of a trivariate BEKK 

model are given as follows: 

11 11 12 13 11 12 13

21 22 21 22 23 21 22 23

31 32 33 31 32 33 31 32 33

0 0

0 (3.2.4)

c a a a b b b

C c c A a a a B b b b

c c c a a a b b b

     
     

  
     
          

 

where Ht is a 3×3 variance covariance matrix, C is a 3×3 lower triangular matrix of constants, 

and A is a 3×3 square matrix, which shows how conditional variances are correlated with the 

residuals. The elements of matrix A measure the effects of shocks on conditional variances. 

The diagonal elements of matrix A (aij where i = j) measure the own-volatility shocks, 

whereas the non-diagonal elements of matrix A (aij where i ≠ j) determine the cross-volatility 

shocks. The matrix B is a 3×3 square matrix which shows how past conditional variances 

affect current levels of conditional variances. The diagonal elements of matrix B (bij where i 

= j) determine the own-volatility spillovers, whereas the non-diagonal elements of matrix B 

(bij where i ≠ j) capture the cross-volatility spillovers. This section used the BEKK model, 

since it is designed in such a way that the estimated covariance matrix will be positive semi-

definite, which is a necessary condition for the variances to be non-negative. In addition, an 

important characteristic of the BEKK model is that it might allow the conditional variances 

and covariances of per capita agricultural production growth of Bangladesh, India, and 

Pakistan to influence each other (Rezitis and Ahammad, 2014b). 

Equation system (3.2.3), in matrix form, is given by:

 
11 12 13 11 11 21 31 11 12 13 11 21 31

21 22 23 21 22 22 32 21 22 23 1 1 12 22 32

31 32 33 31 32 33 33 31 32 33 13 23 33

11 12

0 0

0 0

0 0

t t t

t t t t t

t t t

h h h c c c c a a a a a a

h h h c c c c a a a a a a

h h h c c c c a a a a a a

b b

  

         
          
         
                  



13 11 21 31

21 22 23 1 12 22 32

31 32 33 13 23 33

(3.2.5)t

b b b b

b b b H b b b

b b b b b b
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Note that the analytical form of the conditional covariance matrix (5) is given by: 

2 2 2 2 2 2 2

11, 11 11 1, 1 11 12 1, 1 2, 1 11 13 1, 1 3, 1 12 2, 1 12 13 2, 1 3, 1 13 3, 1

2 2 2

11 11, 1 11 12 12, 1 11 13 13, 1 12 22, 1 12 13 23, 1 13 33, 1

2 2 2

2 2 2 (3.2.5.1)

t t t t t t t t t t

t t t t t t

h c a a a a a a a a a

b h b b h b b h b h b b h b h

                

     

      

     

 

2 2

21, 11 21 11 21 1, 1 12 21 11 22 1, 1 2, 1 13 21 11 23 1, 1 3, 1 11 22 2, 1

2

13 22 12 23 2, 1 3, 1 13 23 3, 1 11 21 11, 1 11 22 12 21 12, 1 11 23 13 21 13, 1

( ) ( )

( ) ( ) ( )

t t t t t t t

t t t t t t

h c c a a a a a a a a a a a a

a a a a a a b b h b b b b h b b b b h

b

     

  

     

     

       

      

 12 22 22, 1 12 23 13 22 23, 1 13 23 33, 1( ) (3.2.5.2)t t tb h b b b b h b b h    

 

2 2

31, 11 31 11 31 1, 1 12 31 11 32 1, 1 2, 1 13 31 11 33 1, 1 3, 1 12 32 2, 1

2

13 32 12 33 2, 1 3, 1 13 33 3, 1 11 31 11, 1 11 32 12 31 12, 1 11 33 13 31 13, 1

( ) ( )

( ) ( ) ( )

t t t t t t t

t t t t t t

h c c a a a a a a a a a a a a

a a a a a a b b h b b b b h b b b b h

b

     

  

     

     

       

      

 12 32 22, 1 12 33 13 32 23, 1 13 33 33, 1( ) (3.2.5.3)t t tb h b b b b h b b h    

 

2 2 2 2 2 2

22, 21 22 21 1, 1 21 22 1, 1 2, 1 21 23 1, 1 3, 1 22 2, 1 22 23 2, 1 3, 1

2 2 2 2 2

23 3, 1 21 11, 1 21 22 12, 1 21 23 13, 1 22 22, 1 22 23 23, 1 23 33, 1

2 2 2

2 2 2 (3.2.5.4

t t t t t t t t t

t t t t t t t

h c c a a a a a a a a

a b h b b h b b h b h b b h b h

       



       

      

      

       )

 

2 2

32, 31 21 32 22 21 31 1, 1 31 22 21 32 1, 1 2, 1 31 23 21 33 1, 1 3, 1 32 22 2, 1

2

32 23 22 33 2, 1 3, 1 23 33 3, 1 21 31 11, 1 21 32 22 31 12, 1 21 33 23 31 1

( ) ( )

( ) ( ) ( )

t t t t t t t

t t t t t

h c c c c a a a a a a a a a a a a

a a a a a a b b h b b b b h b b b b h

     

  

     

    

       

        3, 1

22 32 22, 1 22 33 23 32 23, 1 23 33 33, 1( ) (3.2.5.5)

t

t t tb b h b b b b h b b h



     

 

2 2 2 2 2 2 2

33, 31 32 33 31 1, 1 31 32 1, 1 2, 1 31 33 1, 1 3, 1 32 2, 1 32 33 2, 1 3, 1

2 2 2 2 2

33 3, 1 31 11, 1 31 32 12, 1 31 33 13, 1 32 22, 1 32 33 23, 1 33 33, 1

2 2 2

2 2 2 (3.

t t t t t t t t t

t t t t t t t

h c c c a a a a a a a a

a b h b b h b b h b h b b h b h

       



       

      

       

       2.5.6)

 

Since Ht is symmetric then h12,t-1 = h21,t-1,  h23,t-1 = h32,t-1,  h13,t-1 = h31,t-1. 

Under the assumption of normally distributed random errors, the log-likelihood function 

for the BEKK model is given by: 

1

1

1
( ) ln(2 ) (ln | | ) (3.2.6)

2

T

tt t t
t

L T H H   



     

where θ is the estimated parameter vector and T is the number of observations. In order to 

maximize this non-linear log likelihood function, numerical maximization techniques were 
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utilized. Initial conditions were obtained by performing several initial iterations using the 

simplex algorithm, as recommended by Engle and Kroner (1995). The BFGS (Broyden, 

Fletcher, Goldfarb, and Shanno) algorithm was then used to obtain the final estimate of the 

variance covariance matrix with corresponding standard errors. Finally, each model is 

estimated by maximum likelihood method utilizing the RATS 8.2 software.  The total 

number of estimated elements for the conditional variance equation of this section is 24, since 

this section estimates a trivariate model. 

3.2.3.2 The volatility impulse response functions (VIRF) 

Following Hafner and Herwartz (2006), Pen and Sévi (2010), Jin et al. (2012), and 

Panopoulou and Pantelidis (2009), this section estimates the VIRF based on an alternative 

equivalent parameterization of the BEKK model of MGARCH models, namely the vec 

representation (vector GARCH) which is introduced by  Engle and Kroner (1995). Equation 

(3.2.3) of the BEKK model can be represented by the vec representation by: 

1 1 1vech( ) vech( ) vech( ) (3.2.7)t t t tH Q R P H   
       

where Ht stands for the conditional covariance matrix at time t, vech(.) stands for the operator 

that stacks the lower triangular fraction of an N×N matrix into an N*= N(N+1)/2 dimensional 

vector. The vector Q contains N*coefficients, and R and P are parameters matrices each 

containing (N(N+1)/2)2 parameters. According to Engle and Kroner (1995), every BEKK 

model has a unique and equivalent vec representation. If every sequence of innovations (εt) 

generates the same sequence of conditional volatilities (Ht) for both models, then the BEKK 

and vec representations are said to be equivalent. More specifically, the parameters of Q, R, 

and P matrices of the vec model are linked to the parameters of the BEKK model given in 

equation (3.2.3) as follows: 
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2

11

11 21

11 31

2 2

21 22

31 21 32 22

2 2 2

31 32 33

c

c c

c c
Q

c c

c c c c

c c c

 
 
 
 
 

 
 

 
   

, 

2 2 2

11 11 12 11 13 12 12 13 13

11 21 12 21 11 22 13 21 11 23 11 22 13 22 12 23 13 23

11 31 12 31 11 32 13 31 11 33 12 32 13 32 12 33 13 33

2 2 2

21 21 22 21 23 22 22 23 23

31 21 31 22 21 3

2 2 2

2 2 2

a a a a a a a a a

a a a a a a a a a a a a a a a a a a

a a a a a a a a a a a a a a a a a a
R

a a a a a a a a a

a a a a a a

  

  


 2 31 23 21 33 32 22 32 23 22 33 23 33

2 2 2

31 31 32 31 33 32 32 33 332 2 2

a a a a a a a a a a a a

a a a a a a a a a

 
 
 
 
 
 
  
 
  

and 

2 2 2

11 11 12 11 13 12 12 13 13

11 21 11 22 12 21 11 23 13 21 12 22 12 23 13 22 13 23

11 31 11 32 12 31 11 33 13 31 12 32 12 33 13 32 13 33

2 2 2

21 21 22 21 23 22 22 23 23

21 31 21 32 22 3

2 2 2

2 2 2

b b b b b b b b b

b b b b b b b b b b b b b b b b b b

b b b b b b b b b b b b b b b b b b
P

b b b b b b b b b

b b b b b b

  

  


 1 21 33 23 31 22 33 22 33 23 32 23 33

2 2 2

31 31 32 31 33 32 32 33 332 2 2

b b b b b b b b b b b b

b b b b b b b b b

 
 
 
 
 
 
  
 
  

 

This section uses the vec representation to eliminate the parameters which appear twice in the 

conditional covariance matrix. This reduction in the number of parameters does not have any 

adverse impact in terms of the generality of the model. 

Hafner and Herwartz (2006) define the VIRF as the expectation of volatility conditional 

on an initial shock and history, subtracted by the baseline expectation that only conditions on 

history, given by: 

1 1( ) [vech( ) | , ] [vech( ) | ] (3.2.8)t t t t t t tV z E H I z E H I    

where zt is an initial specific shock hitting the system at time t, It-1  is the observed history up 

to time t-1. The Vt(zt) is the N(N+1)/2 dimensional vector of the impact of the identical and 

independent shock components of zt on the t-step ahead conditional variance covariance 

matrix components. For example, for a BEKK (1,1) model, if N=3 there will be six 
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components in the vec model of the equation (3.2.8), the first, fourth, and sixth elements of 

Vt(zt) represent the impulse responses of the conditional variance of the first, second, and 

third variables, respectively. Similarly, the second, third, and fifth elements of Vt(zt) represent 

the impulse responses of the conditional covariances between the first and second, first and 

third, and second and third variables, respectively. 

The one-step ahead VIRF can easily be obtained based on the application of a BEKK (1, 

1) model, and then the vec model is given as  

1/2 1/2 1/2 1/2

1( ) {vech( ) vech( )} ( ) vech( ) (3.2.9)t t t t t t N t t N t t NV z R H z z H H RD H H D z z I      

 

where Ht is the conditional variance covariance matrix at time t; DN represents the duplication 

matrix defined by the property vec(Z) = DNvech(Z) for any symmetric N×N matrix Z; 
ND

represents the Moore-Penrose inverse of matrix Z; IN is the identity matrix;  is the 

Kronecker Tensor product; and R is the parameter matrix containing (N(N+1)/2)2 parameters. 

For any 2t  , the VIRF is given as 

1 1/2 1/2

1

( ) ( ) ( ) vech( )

( ) ( ) (3.2.10)

t

t t N t t N t t N

t t

V z R P RD H H D z z I

R P V z

 



   

 
 

3.2.4 Data 

The dataset used is yearly data on the logarithms of the per capita agricultural production 

of India (lpcapi), Pakistan (lpcapp), and Bangladesh (lpcapb) from 1961–2012 with 2004–

2006=100; it was obtained from the FAOSTAT statistical dataset 

(http://faostat3.fao.org/faostat-gateway/go/to/download/Q/QI/E), accessed in March 2014. As 

FAO indicates, net per capita agricultural production is derived from the gross production 

after subtracting quantities used for seed and feed. The per capita agricultural production 

growth is calculated as the first difference of the log of yearly net per capita agricultural 

production. Figure 3.2.1 depicts the first differences of the per capita agricultural production 



96 

 

of India (Δlpcapi), Pakistan (Δlpcapp), and Bangladesh (Δlpcapb) from 1961–2012. The 

descriptive statistics of the data set used in this paper are reported in Table 3.2.1. 

Table 3.2.1 shows that per capita agricultural production growth of India (Δlpcapi) and 

Pakistan (Δlpcapp) are positive, which are 0.799% and 0.874%, respectively, whereas per 

capita agricultural production growth of Bangladesh (Δlpcapb) is negative (-0.196%). In 

addition, Bangladesh is subject to higher shocks as it experiences the largest standard 

deviations in the per capita agricultural production (5.964%) compared to per capita 

agricultural production of India (4.145%) and Pakistan (2.901%). 

 

 

Table 3.2.1: Descriptive statistics of per capita agricultural production growth of Bangladesh, 

India and Pakistan 

 Δlpcapi Δlpcapp Δlpcapb 

Mean  0.007993  0.008736 -0.001960 

Median  0.010976  0.010593 -0.002934 

Maximum  0.087721  0.061241  0.108164 

Minimum -0.095391 -0.054653 -0.240032 

Std. Dev.  0.041452  0.029009  0.059639 

Skewness -0.181688 -0.116499 -1.020633 

Kurtosis  2.765645  2.471875  6.495221 

Jarque-Bera 

 

 0.397299 

( 0.8198) 

 0.708059 

( 0.7019) 

 34.81458 

(0.0000) 

Observations  51  51  51 

Unconditional correlations 

Δlpcapi 1.000000   

Δlpcapp -0.189028 1.000000  

Δlpcapb 0.399761 0.059883 1.000000 

Notes: Δlpcapi stands for first differences of logarithms of per capita agricultural production of India, Δlpcapp 

stands for first differences of logarithms of per capita agricultural production of Pakistan and Δlpcapb stands for 

first differences of logarithms of per capita agricultural production of Bangladesh. Figures in parentheses are p-

values. 

 

The pairwise unconditional correlations in Table 3.2.1 show that there are negative and 

positive correlations between the per capita agricultural production growth of these countries. 

The highest correlation is between Bangladesh and India (0.3998), whereas the lowest 
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correlation is between Bangladesh and Pakistan (0.0599). However, the correlation between 

India and Pakistan is negative (-0.1890). 

  

Figure 3.2.1: Per capita agricultural production growth of India (Δlpcapi), Pakistan 

(Δlpcapp) and Bangladesh (Δlpcapb): 1961–2012 

 

3.2.5 Empirical results 

3.2.5.1 Stationarity test 

This section applied various unit root tests in order to check the stationarity of the data. 

The unit root tests applied were the Augmented Dickey–Fuller (ADF) test proposed by 

Dickey and Fuller (1981), the Phillips–Perron (PP) test proposed by Phillips and Perron 

(1988), the Kwiatkowski–Phillips–Schmidt–Shin (KPSS) test proposed by Kwiatkowski et al. 

(1992), and the Elliott–Rothenberg–Stock (ERS) test proposed by Elliott et al. (1996). These 

four unit root tests provide evidence that the variables — namely the log per capita 

agricultural production of India (lpcapi), Pakistan (lpcapp), and Bangladesh (lpcapb) — are 

stationary in their first difference. The result of the unit root tests for the three variables — 

i.e. lpcapi, lpcapp, and lpcapb — are reported in Table 3.2.2. Note that the last column of 

Table 3.2.2 indicates the details of the unit root tests. In particular, SIC is the Schwartz 

information criterion used for the selection of lags, and NW is the Newey–West bandwidth 

choice criterion used for the choice of the bandwidth, while B and SOLS are the Bartlett 

kernel and the spectral ordinary least squares spectral estimation methods, respectively. 

India 

Pakistan 

Bangladesh 

1962 1964 1966 1968 1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 -0.1 
-0.1 
-0.0 
0.0 
0.1 

1962 1964 1966 1968 1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 -0.1 
-0.0 
0.0 
0.1 

1962 1964 1966 1968 1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 -0.3 
-0.2 
-0.1 
0.0 
0.1 
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Table 3.2.2: Unit root test results of three variables (1961–2012) 

Variables Test Level First difference Details 

lpcapi ADF 0.724657 -9.777630*** SIC, Int 

lpcapi ADF -3.689540** -10.06599*** SIC, Int, Tr 

lpcapi PP 0.908136 -10.47893*** NW, B, Int 

lpcapi PP -3.575453** -12.37560*** NW, B, Int, Tr 

lpcapi KPSS 0.925246 0.363749** NW, B, Int 

lpcapi KPSS 0.181176*** 0.141287** NW, B, Int, Tr 

lpcapi ERS 46.93262  1.481860*** SIC, SOLS, Int, 

lpcapi ERS 13.02694  4.521635** SIC. SOLS, Int, Tr 

 

lpcapp ADF -1.043821 -9.106103*** SIC, Int 

lpcapp ADF -3.211996* -9.010360*** SIC, Int, Tr 

lpcapp PP -0.922888 -10.00633*** NW, B, Int 

lpcapp PP -3.211996* -9.895986*** NW, B, Int, Tr 

lpcapp KPSS  0.947518  0.127670* NW, B, Int 

lpcapp KPSS 0.091052*  0.121314* NW, B, Int, Tr 

lpcapp ERS  63.20746  1.831901*** SIC, SOLS, Int, 

lpcapp ERS 6.753218*  4.406219** SIC. SOLS, Int, Tr 

 

lpcapb ADF -2.157519 -7.126338*** SIC, Int 

lpcapb ADF -2.165785 -7.021968*** SIC, Int, Tr 

lpcapb PP -2.118850 -7.131751*** NW, B, Int 

lpcapb PP -2.165785 -6.893568*** NW, B, Int, Tr 

lpcapb KPSS 0.220925*  0.147389* NW, B, Int 

lpcapb KPSS  0.221565  0.072743* NW, B, Int, Tr 

lpcapb ERS 6.037126 3.128218* SIC, SOLS, Int, 

lpcapb ERS 15.84188  7.801007 SIC. SOLS, Int, Tr 

Note:  lpcapi, lpcapp and lpcapb are the log per capita agricultural production of India, Pakistan and 

Bangladesh, respectively. SIC is Schwartz Information Criterion, Int is Intercept, Tr is linear trend, NW is 

Newley-West bandwith choice, B is Bartlett kernel, SOLS is Spectral OLS. ***, **, and * represent that 

variables are stationary at 1%, 5%, and 10% significant level, respectively. 

 

The ADF, PP, and KPSS tests show that lpcapi and lpcapp are nonstationary in the level 

when only the intercept is considered, but stationary when the intercept and trend are 

considered. The four unit root tests display that lpcapb is nonstationary in the level when the 

intercept as well as the trend and intercept are considered, with the exception of the KPSS 

test where it rejects nonstationarity when only the intercept is considered. On the other hand, 

the ERS test shows that lpcapi is nonstationary in the level when the intercept as well as the 
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intercept and trend are considered, whereas lpcapp is stationary when the intercept and the 

trend are considered. Thus, the aforementioned four unit root tests show evidence that the 

variables are nonstationary in levels but stationary in first differences. 

 

3.2.5.2 BEKK (1,1) model 

 

The results of the estimated conditional mean and variance equations of per capita 

agricultural production growth of India (lpcapi), Pakistan (lpcapp), and Bangladesh (lpcapb) 

are presented in Table 3.2.3. The model diagnostics presented in Table 3.2.3 show support for 

the estimated BEKK (1,1) MGARCH model. Table 3.2.3 also shows that the estimated 

coefficients of the conditional variance covariance matrix for own-country and cross-country 

volatility shocks (αij) and own-country and cross-country volatility spillovers (bij) are 

statistically significant in most of the cases. These support the presence of ARCH and 

GARCH effects among the countries under examination. More specifically, 7 out of 9 (78%) 

of the estimated ARCH coefficients, and 8 out of 9 (89%) of the estimated GARCH 

coefficients, are statistically significant at the 10% level. 

The absolute values of the estimated ARCH coefficients of Table 3.2.3 show that own-

country volatility shocks of India, Pakistan, and Bangladesh are statistically significant. The 

own-country volatility shocks range from 0.193 ( 22a ) in Pakistan to 0.381( 11a ) in India. This 

indicates that the own-country volatility shocks in India will have the strongest impact on its 

own future volatility compared to the own-country volatility shocks in the other two 

countries. In addition, the own-country volatility shocks in Pakistan will have the weakest 

impact on its own future volatility compared to the own-country volatility shocks in the other 

two countries. The own-country volatility shock of Bangladesh is 0.354 ( 33a ). 

 



100 

 

Table 3.2.3: Results of BEKK (1,1) model for per capita agricultural production growth of 

Bangladesh, India and Pakistan 

Estimated coefficients of the conditional mean equation system (3.2.2) 

Coefficients Estimates Coefficients Estimates Coefficients Estimates 

01  0.0127*** 

(0.0001) 
02  0.0115*** 

(0.0001) 
03  0.0059 

(0.2808) 

Estimated coefficients of the conditional variance equation system (3.2.5) 

Coefficients Estimates Coefficients Estimates Coefficients Estimates 

11c  0.0023 

(0.6608) 
21c  -0.0051* 

(0.0831) 
22c  -0.0000 

(0.9999) 

31c  -0.0348*** 

(0.0000) 
32c  -0.0000 

(0.9999) 
33c  0.0000 

(0.9999) 

11a  0.3810*** 

(0.0068) 
12a  -0.6655*** 

(0.0000) 
13a  0.0163 

(0.9134) 

21a  0.1836 

(0.2192) 
22a  0.1930* 

(0.0621) 
23a  -0.5514*** 

(0.0004) 

31a  0.3572*** 

(0.0000) 
32a  0.2651*** 

(0.0016) 
33a  0.3539*** 

(0.0039) 

11b  0.4696*** 

(0.0000) 
12b  0.3439*** 

(0.0000) 
13b  0.1053 

(0.2656) 

21b  0.4404*** 

(0.0040) 
22b  -0.2373** 

(0.0149) 
23b  -0.5773*** 

(0.0007) 

31b  0.3189*** 

(0.0000) 
32b  -0.2769*** 

(0.0000) 
33b  0.5650*** 

(0.0000) 

Misspecification tests 

AIC = -10.240 

SBC =  -9.217 

Hannan-Quinn = -9.849 

Tests for autocorrelation Multivariate Q(10) = 92.0483 (0.4203) 

Test for ARCH effects Multivariate ARCH (36) = 41.77 (0.2344) 

Test for Jarque-Bera normality Multivariate Jarque-Bera = 5.762 (0.4500) 

Log-likelihood = 288.1160 

Notes: Figures in parentheses are p-values. ***, **, and * denote significance at 1%, 5%, and 10% level, 

respectively. cij represents a constant term, αij represents ARCH term and bij represents GARCH term. 

 

The estimated ARCH coefficients also confirm the cross-country volatility shocks, as 

some of the coefficients are statistically significant. These cross-country volatility shocks 

vary in magnitude and sign. For example, the absolute value of the cross-country volatility 

shock in India ( 12 0.6655a  ) influences the agricultural production volatility of Pakistan, 

since it is statistically significant, but the cross-country volatility shock in India ( 13a ) is not 
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affecting the agricultural production volatility of Bangladesh, since it is statistically 

insignificant. The cross-country volatility shock in Pakistan ( 21a ) is not influencing the 

agricultural production volatility of India, but it influences the agricultural production 

volatility of Bangladesh ( 23 0.5514a  ). The cross-country volatility shocks in Bangladesh 

influence the agricultural production volatility of India ( 31 0.3572a  ) and Pakistan (

32 0.2651a  ), indicating unidirectional cross-country volatility shocks transmission from 

Bangladesh to India and from India to Pakistan. The cross-country volatility shocks 

transmission of agricultural production between Bangladesh and Pakistan is bidirectional. 

The estimated GARCH terms of Table 3.2.3 show that all own-country and cross-country 

conditional volatilities are statistically significant, except volatility spillover from India to 

Bangladesh ( 13b ), which is not statistically significant. These own-country and cross-country 

conditional volatilities vary in magnitude and sign. The absolute values of the own-country 

conditional volatilities range from 0.237( 22b ) in Pakistan to 0.565( 33b ) in Bangladesh. This 

suggests that the own-country conditional volatility in Bangladesh will have the strongest 

impacts on its own future volatility than the own-country conditional volatility in the other 

two countries. Additionally, the own-country conditional volatility in Pakistan will have the 

weaker impacts on its own future volatility than the own-country conditional volatility in the 

other two countries. The own-country conditional volatility in India is 0.470( 11b ). 

In addition, the cross-country volatility spillovers show that volatility of India is affected 

by volatility generated by Pakistan ( 21 0.4404b  ) and Bangladesh ( 31 0.3189b  ). The 

volatility of Pakistan is affected by volatility generated by India ( 12 0.3439b  ) and 

Bangladesh ( 32 0.2769b  ). The volatility of Bangladesh is affected by only the volatility 

generated by Pakistan ( 23 0.5773b  ). The aforementioned results indicate that volatility 
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spillovers between Bangladesh and Pakistan and between India and Pakistan are 

bidirectional. The volatility spillover between Bangladesh and India is unidirectional and is 

directed from Bangladesh to India. 

The bilateral trade flows discussed in the introduction show the evidence that India and 

Pakistan have a favoring position in the export import business with Bangladesh. However, 

the results of ARCH and GARCH effects show that the volatility of Bangladesh is not 

affected by unexpected shocks and volatility generated by India. However, volatility of India 

is affected by both unexpected shocks and volatility generated by Bangladesh. This might be 

a reason why India is trying to follow Bangladesh’s volatility shocks and conditional 

volatility to contribute its demand. 

3.2.5.3 The volatility impulse response functions (VIRF) 

For the analysis of VIRF, this section considers several historical shocks that fall in the 

sample period 1961–2012. It is important to note that the volatility impulse response 

functions depend on the initial volatility Ht. The initial volatility can be either the volatility 

state at the time the shock incurred, or any other date chosen from the sample period 

depending on the analysis at hand. This section proceed here as follows: First, this section 

takes the estimated residual εt and the estimated variance covariance matrix Ht at the date the 

shock occurred and then constructs standardized residuals zt for which the Vt(zt) can be 

calculated. 

3.2.5.3.1 War between Bangladesh and Pakistan in 1971 

The first historical shock discussed in this section is the liberation war of Bangladesh 

against Pakistan in 1971. The nine month long war affected the region’s agricultural 

production. The estimated residual vector εt and the estimated volatility state vech(Ht) on 

1971 are (-0.01626, -0.00764, -0.1158)´and (0.0014, 0.00075, 0.00115, 0.0012, 0.00082, 

0.00287)´, respectively. 
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Figures 3.2.2a–2f depict the time profile of the volatility impulse responses. The impacts 

of the shock appear not only in the expected conditional variances but also in the expected 

conditional covariances. The impacts of the shock on expected conditional variances in India 

(Figure 3.2.2a) and Bangladesh (Figure 3.2.2f) start at about 0.1%, and the impact of the 

shock on expected conditional variance in Pakistan (Figure 3.2.2d) starts at about 0.2%. The 

peak responses of expected conditional variances occur about 2 years after the shock in India 

and at the initial stage of the shock in Pakistan and Bangladesh. The impacts of the shock on 

expected conditional variances die out after approximately 6 years for India, 4 years for 

Pakistan, and 12 years for Bangladesh. 

  

  

  
 

Figures 3.2.2a–3.2.2f: Volatility impulse response functions for the 1971 liberation war 

between Bangladesh and Pakistan 

 

The initial impacts of the shock on expected conditional covariances between India and 

Pakistan (Figure 3.2.2b) is 0.1%, between India and Bangladesh (Figure 3.2.2c) is 0.01%, and 

between Pakistan and Bangladesh (Figure 3.2.2e) is 0.07%. The impacts of the shock on 

expected conditional covariances between India and Pakistan and between Pakistan and 
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Bangladesh die out after approximately 2 years. The impact of the shock on expected 

conditional covariance between India and Bangladesh dies out after approximately 6 years. 

The historical shock of the liberation war of Bangladesh against Pakistan in 1971 shows 

longer impacts (about 12 years) on expected conditional variance in Bangladesh than the 

other two expected conditional variances. This is expected because the war took place in the 

Bangladesh territory and badly affected Bangladesh’s agricultural production. In addition, the 

impact of the shock on expected conditional covariance between India and Bangladesh shows 

longer impacts (about 6 years) compared to the other two impacts on expected conditional 

covariances — i.e. between India and Pakistan as well as between Pakistan and Bangladesh. 

The reason might be that India is a neighboring country of Bangladesh and was affected by 

the war. 

 

3.2.5.3.2 Drought and infestation in Pakistan in 1983 

The second historical shock discussed in this section is the drought and infestation in 

Pakistan in 1983. This event greatly affected the agricultural production in Pakistan. The 

estimated residual vector εt and the estimated volatility state vech(Ht) on 1983 are (0.07138, -

0.0662, -0.0088)´and (0.0012, -0.00063, 0.00062, 0.00128, 0.00031, 0.0027)´, respectively. 

The volatility impulse response functions are presented in Figures 3.2.3a–3.2.3f. The time 

profile of the volatility impulse response functions presented in Figures 3.2.3a–3.2.3f show 

that the initial impact of the shock on expected conditional variance in India (Figure 3.2.3a) is 

-0.05%, the initial impact of the shock on expected conditional variance in Bangladesh 

(Figure 3.2.3f) is 0.06%, and the initial impact of the shock on expected conditional variance 

in Pakistan (Figure 3.2.3d) is 0.001%. The peak response of expected conditional variances 

happens at about 4, 3, and 2 years after the shock in India, Pakistan, and Bangladesh, 

respectively. The impacts of the shock on expected conditional variances in India and 
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Pakistan require roughly 9 years to dissipate, whereas the impact of the shock on expected 

conditional variance in Bangladesh requires roughly 5 years to dissipate. 

  

  

  

Figures 3.2.3a–3.2.3f: Volatility impulse response functions for the 1983 drought and 

infestation in Pakistan 

 

The impacts of the shock on expected conditional covariances also show different 

amplitude. The initial impacts of the shock on expected conditional covariances between 

India and Pakistan (Figure 3.2.3b) is -0.07%, between India and Bangladesh (Figure 3.2.3c) 

is 0.3%, and between Pakistan and Bangladesh (Figure 3.2.3e) is -0.2%. The impact of the 

shock on expected conditional covariance between India and Pakistan is long lasting and 

needs roughly 8 years to dissipate. The impact of the shock on expected conditional 

covarinance between Pakistan and Bangladesh dissipate after about 2 years. 

The specific shock of drought and infestation in Pakistan in 1983 shows the longest 

impacts (about 9 years) on expected conditional variances in Pakistan and India. On the other 

hand, the impact of the shock on expected conditional covariance between India and Pakistan 

is longer (about 8 years) compared to the other two impacts on expected conditional 

covariances — i.e. between India and Bangladesh, as well as between Pakistan and 

-0.002

0

0.002

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Figure 3.2.3a: Variance lpcapi
-0.001

-0.0005

0

0.0005

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Figure 3.2.3b: Covariance lpcapi and lpcapp

-0.002

0

0.002

0.004

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Figure 3.2.3c: Covariance lpcapi and lpcapb

-0.001

0

0.001

0.002

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Figure 3.2.3d: Variance lpcapp

-0.002

-0.001

0

0.001

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Figure 3.2.3e: Covariance lpcapp and lpcapb

0

0.002

0.004

0.006

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Figure 3.2.3f: Variance lpcapb



106 

 

Bangladesh. This might lie in the fact that Pakistan is far away from Bangladesh, and thus 

why the weather conditions and infestation-like events might be different and not affect both 

countries simultaneously. 

3.2.5.3.3 Floods in Pakistan in 1992 

The third historical shock discussed in this section is the floods in Pakistan in 1992. 

During this period Pakistan faced two floods that affected about 18 million people and the 

agricultural sector. The estimated residual vector εt and the estimated volatility state vech(Ht) 

on 1992 are (0.010559, -0.06122, -0.01536)´and (0.000838, -0.00013, 0.000608, 0.000564, -

0.00028, 0.00303)´, respectively. 

  

  

  

Figures 3.2.4a–3.2.4f: Volatility impulse response functions for the 1992 flood in Pakistan 

 

The volatility impulse response functions are depicted in Figures 3.2.4a–3.2.4f. The time 

profile of the volatility impulse responses presented in Figures 3.2.4a–3.2.4f show that the 

initial impact of the shock on expected conditional variance in India (Figure 3.2.4a) is -

0.05%, the initial impact of the shock on expected conditional variance in Pakistan (Figure 

3.2.4d) is -0.08% and the initial impact of the shock on expected conditional variance in 
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Bangladesh (Figure 3.2.4f) is 0.01%. The peak response of expected conditional variance in 

Pakistan is higher compared to the other two countries and occurs at the initial stage of the 

shock. The peak responses of expected conditional variances in India and Bangladesh occur 

after about 2 years of the shock. The impacts of the shock on expected conditional variances 

in India and Pakistan require about 4 years to cancel out and the impact of the shock on 

expected conditional variance in Bangladesh requires about 3 years to cancel out. 

The impacts of the shock on expected conditional covariances also show different 

amplitude. The initial impacts of the shock on expected conditional covariances between 

India and Pakistan (Figure 4b) is 0.03%, between India and Bangladesh (Figure 4c) is 0.01%, 

and between Pakistan and Bangladesh (Figure 4e) is -0.07%. The impacts of the shock on 

expected conditional covariances between India and Pakistan and between Pakistan and 

Bangladesh die out after approximately 4 years and 2 years, respectively. These findings 

support the conclusion which is obtained from the specific shock of drought and infestation in 

Pakistan in 1983. 

3.2.5.3.4 Drought in India in 2002 

The fourth historical shock discussed in this section is the drought in India in 2002. The 

drought was as a result of about 22% less rainfall in the country that year, and it ranked as a 

hydrological drought. The estimated residual vector εt and the estimated volatility state 

vech(Ht) on 2002 are (-0.10806, -0.0175, 0.005318)´and (0.001852, 0.000299, 0.000201, 

0.001078, -0.00013, 0.002322)´, respectively. 

The time profile of the volatility impulse responses displayed in Figures 3.2.5a–3.2.5f 

show that the initial impact of the shock on expected conditional variance in India (Figure 

3.2.5a) is 0.1%, the initial impact of the shock on expected conditional variance in Pakistan 

(Figure 3.2.5d) is -0.06%, and the initial impact of the shock on expected conditional 

variance in Bangladesh (Figure 3.2.5f) is -0.06%. The peak response of expected conditional 
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variances happens about 1, 2, and 3 years after the shock in India, Pakistan, and Bangladesh, 

respectively. The impacts of the shock on expected conditional variance in India requires a 

longer time to disappear, followed by Pakistan and Bangladesh. 

  

  

  

Figures 3.2.5a–3.2.5f: Volatility impulse response functions for the 2002 drought in 

India 

 

The impacts of the shock on expected conditional covariances also show different 

amplitude. The initial impacts of the shock on expected conditional covariances between 

India and Pakistan (Figure 3.2.5b) is -0.3%, between India and Bangladesh (Figure 3.2.5c) is 

0.4%, and between Pakistan and Bangladesh (Figure 3.2.5e) is 0.05%. The impacts of the 

shock on expected conditional covariances between India and Pakistan and between India and 

Bangladesh die out after approximately 2 years and 3 years, respectively. 

The findings of this shock reveal that India is more affected than the other two countries 

and it requires a longer time to reach the equilibrium level. In addition, the impact of the 

shock on expected conditional covariance between India and Bangladesh shows a longer 

impact (about 3 years) compared to the other two impacts on expected conditional 

covariances — i.e. between India and Pakistan, as well as between Pakistan and Bangladesh. 
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The reason might be that Bangladesh is a neighboring country of India and they might have 

some similarities in their weather conditions. 

3.2.6 Conclusions 

The present section investigates the growth and the interdependency of volatility 

spillovers between the per capita agricultural production of three SAARC countries — 

namely Bangladesh, India, and Pakistan — for the period 1961–2012. These three countries 

were selected since they convey very strong agricultural economic importance to the region. 

The BEKK (1,1) of MGARCH model is used to investigate the interdependency of volatility 

spillovers between the per capita agricultural production of Bangladesh, India, and Pakistan. 

The empirical results support the presence of ARCH and GARCH effects among the three 

countries’ per capita agricultural production, since most of the coefficients of ARCH and 

GARCH terms are statistically significant. The significant ARCH coefficients evidenced that 

the own-country volatility shocks in India will have the strongest impacts on its own future 

volatility compared to the own-country volatility shocks in the other two countries. The own-

country volatility shocks in Pakistan will have the weakest impacts on its own future 

volatility compared to the own-country volatility shocks in the other two countries. The 

magnitude of own-country volatility shock of Bangladesh is in between the volatility shocks 

of India and Pakistan. Besides own-country volatility shocks, the estimated cross-country 

volatility shocks evidence that the volatility shock in India influences the volatility of 

Pakistan. The volatility shock in Pakistan influences the volatility of Bangladesh. 

Furthermore, the volatility shocks in Bangladesh influence the volatility of India and 

Pakistan, indicating unidirectional cross-country volatility shocks transmission from 

Bangladesh to India and from India to Pakistan. The cross-country volatility shocks 

transmission between Bangladesh and Pakistan is bidirectional. 
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This section also found convincing evidence of own-country and cross-country volatility 

spillovers (GARCH effects) which vary in magnitude and sign. The own-country conditional 

volatility of Bangladesh is the strongest compared to the own-country conditional volatility in 

the other two countries. In addition, the own-country conditional volatility of Pakistan is the 

weakest compared to the own-country conditional volatility in the other two countries. The 

cross-country volatility spillovers show that volatility of India is affected by volatility 

generated by Pakistan and Bangladesh. The volatility of Pakistan is affected by volatility 

generated by India and Bangladesh. Furthermore, the volatility of Bangladesh is affected by 

the only volatility generated by Pakistan. These results evidenced that the volatility spillovers 

between Bangladesh and Pakistan and between India and Pakistan are bidirectional. The 

volatility spillover between Bangladesh and India is unidirectional, and it is directed from 

Bangladesh to India. This might be a reason why India is trying to follow Bangladesh’s 

volatility shocks and conditional volatility to contribute its demand. 

The impacts of VIRF obtained from the specific shocks show mixed results. The effects 

of shocks appear not only in the expected conditional variances but also in the expected 

conditional covariances. The effects of the shock of the liberation war of Bangladesh against 

Pakistan in 1971 show longer impacts on expected conditional variance in Bangladesh (about 

12 years) compared to the impacts on expected conditional variances in India (about 6 years) 

and Pakistan (about 4 years). The impact of the shock on expected conditional covariance 

between India and Bangladesh requires about 6 years to dissipate, which is longer compared 

to the other two impacts on expected conditional covariances — i.e. between India and 

Pakistan (about 2 years) and between Pakistan and Bangladesh (about 2 years). 

The impacts generated from the shock of drought and infestation in Pakistan in 1983 

show longer impacts on expected conditional variances in Pakistan and India (about 9 years) 

compared to the impact on expected conditional variance in Bangladesh (about 5 years). In 
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addition, the impact of the shock on expected conditional covariance between India and 

Pakistan is longer lasting (about 8 years) than the other two impacts on expected conditional 

covariances — i.e. between India and Bangladesh, as well as between Pakistan and 

Bangladesh. 

The effects of floods in Pakistan in 1992 show longer impacts on expected conditional 

variances in Pakistan and India (about 4 years) compared to the impact on expected 

conditional variance in Bangladesh (about 3 years). Additionally, the impact of the shock on 

expected conditional covariance between India and Pakistan is longer lasting (about 4 years) 

than the other two impacts on expected conditional covariances — i.e. between India and 

Bangladesh, as well as between Pakistan and Bangladesh. 

The shock of the Indian drought in 2002 shows a longer impact on its own expected 

conditional variance than the expected conditional variances of Pakistan and Bangladesh. The 

impact of the shock on expected conditional covariance between India and Bangladesh also 

shows longer impacts (about 3 years) compared to the other two impacts on expected 

conditional covariances — i.e. between India and Pakistan, as well as between Pakistan and 

Bangladesh. 

Finally, the VIRF evidenced that the impacts of impulse responses on expected 

conditional variances require a longer time to disappear than that of impacts on expected 

conditional covariances. It is also noted that country specific shocks have the longest impacts 

on its own expected conditional variances compared to the other countries’ shock. 
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CHAPTER 4 

ESSAY 3: Linkages between energy consumption and aggregated and disaggregated 

economic sectoral outputs 

SECTION–4.1 

Sectoral growth and energy consumption in South and Southeast Asian countries: 

Evidence from a panel data approach  

 

4.1.1 Introduction 

The crucial role of energy consumption and its impact on economic growth have attracted 

the interest of economists in recent years. This is not only because energy consumption 

affects various aspects of economic activity, but also because it has an influential impact on a 

country’s efforts to achieve long-run economic growth and improve the quality of life. The 

two energy crises in 1974 and 1981 have prompted numerous empirical analyses regarding 

the relationships between energy consumption and aggregate economic growth since the late 

1970s (e.g. Kraft and Kraft, 1978; Erol and Yu, 1987; Masih and Masih, 1997; Soytas and 

Sari, 2003; Huang et al., 2008; Lee and Chang, 2008; Ozturk et al., 2010; Georgantopoulos, 

2012). Most of these studies explored the long-run relationship and direction of short- and 

long-run causality between energy consumption and aggregate economic growth. The related 

literature has been well documented by applying both the panel data framework and time 

series analysis. However, in the literature, the evidence of studies investigating the 

relationship between energy consumption and major economic sectoral outputs (agricultural 

sector, manufacturing sector, service sector) is limited. Among the studies, Jumbe (2004), 

Chebbi and Boujelbene (2008), Jamil and Ahmad (2010), Kwakwa (2012) and Nathan et al. 

(2013) investigated the relationships between energy consumption and economic sectoral 

outputs. These studies used only time series analysis to investigate the country-specific 

relationship between the variables under consideration. To our knowledge, investigations of 

the relationship between energy consumption and economic sectoral outputs following a 

panel data approach for a multi-country model are scarce in the energy economics literature. 
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The present section aims to explore the relationship between energy consumption and 

three major sectoral outputs (agricultural sector, manufacturing sector and service sector) in 

thirteen South and Southeast Asian countries by applying the panel data approach. The 

thirteen South and Southeast Asian countries considered are Bangladesh, India, Nepal, 

Pakistan, Sri Lanka, Indonesia, Malaysia, the Philippines, Thailand, Singapore, Brunei 

Darussalam, Myanmar and Vietnam. Of these thirteen countries, five (Bangladesh, India, 

Nepal, Pakistan and Sri Lanka) are members of the South Asian Association for Regional 

Cooperation (SAARC),3  while the remaining eight (Indonesia, Malaysia, the Philippines, 

Thailand, Singapore, Brunei Darussalam, Myanmar and Vietnam) are members of the 

Association of Southeast Asian Nations (ASEAN)4 . These two organizations encompass 

about 6% of the Earth’s total land area and about 32% of the world’s population, which are 

mostly shared by the aforementioned countries. 

The purpose of this section is to examine the extent to which energy consumption is 

related to the agricultural, manufacturing and service sector outputs in thirteen South and 

Southeast Asian countries. The identification of the relationship between energy consumption 

and sectoral outputs has important implications for energy conservation policies. Empirical 

studies on energy consumption and economic growth have shaped different outcomes. First, 

if energy consumption leads economic growth, the economy is called energy dependent, 

indicating that energy is a stimulus for economic growth. As a result, energy conservation 

policies might affect the economic development. Second, if economic growth leads energy 

                                                           
 

3In 1985, seven South Asian countries formed the South Asian Association for Regional Cooperation (SAARC). The 

founding member countries of the SAARC are Bangladesh, Bhutan, India, the Maldives, Nepal, Pakistan and Sri Lanka. At 

present, the SAARC has eight member countries, since Afghanistan joined the organization in 2007. 

4 The Association of Southeast Asian Nations (ASEAN) was established on August 8, 1967 in Bangkok, Thailand, with 

the signing of the ASEAN Declaration by the founding member countries of the ASEAN, namely Indonesia, Malaysia, the 

Philippines, Singapore and Thailand. Brunei Darussalam then joined in 1984, Vietnam in 1995 and Lao PDR and Myanmar 

in 1997; Cambodia became the ASEAN’s tenth member in 1999. 
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consumption or there is no relationship between energy consumption and economic growth, 

the economy is referred to as less energy dependent, indicating that energy is not a stimulus 

for economic growth. As a result, energy conservation policies may be implemented with few 

or no adverse effects on the economic development. Based on the outcomes discussed above, 

the present section intends to identify the links between energy consumption and economic 

growth on three major disaggregated levels (agricultural, manufacturing and service) to 

provide policy implications for the thirteen aforementioned South and Southeast Asian 

countries. 

Following Mehrara (2007), the present section is based on an energy demand function 

and employs a multivariate panel data framework with energy consumption (ENERGY), 

agricultural sector output (AGR), manufacturing sector output (MAN) and service sector 

output (SER) to capture the short- and long-run relationships between the series under 

consideration. In particular, the panel cointegration analysis investigates the long-run 

relationship between the four series. The panel vector error correction model (VECM) 

captures the short- and long-run direction of the relationships between energy consumption 

and the three sectoral outputs. The panel impulse response functions (IRFs) examine the 

effect of responses between the series under consideration. The empirical results indicate that 

significant short- and long-run relations exist between energy consumption and the three 

major sectoral outputs (agricultural, manufacturing and service sector), allowing for the 

formulation of suggestions for policy makers. It is worth mentioning that some studies 

(Jumbe, 2004; Zamani, 2007; Chebbi and Boujelbene, 2008; Kouakou, 2011; Liew et al., 

2012; Nawaz et al., 2012; and Nwosa and Akinbobola, 2012) have investigated the 

relationship between energy consumption and various sectoral outputs by using a bivariate 

model between energy consumption and a particular economic sector, instead of a 
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multivariate approach as in the present section. However, in the case of bivariate analysis, 

there is the possibility of omitted variable bias, as Lütkepohl (1982) indicated. 

This section contributes to the related literature in several ways. First, it might be the first 

study to use the panel data approach to examine the growth dynamics and causality and 

provide IRFs between energy consumption and agricultural sector, manufacturing sector and 

service sector outputs in thirteen South and Southeast Asian countries. Among the previous 

studies, the study by Jamil and Ahmad (2010) used individual time series techniques (i.e. 

cointegration and the vector error correction model) to examine the relationship between 

electricity consumption and economic growth on aggregated and disaggregated (residential, 

commercial, manufacturing and agricultural) levels in Pakistan during the period 1960–2008. 

The panel data approaches used in the present study provide increased power information in 

comparison with the simple time series methods, because the former derive information from 

both time and cross-sectional dimensions and the latter derive information only from the time 

dimension. 

The remainder of this section is presented as follows. The literature is discussed in 

subsection 4.1.2. Subsection 4.1.3 presents a detailed outline of the methodology. Subsection 

4.1.4 presents the data. Subsection 4.1.4 reports the empirical results and discussion. 

Subsection 4.1.5 offers the conclusions of the section. 

4.1.2 Literature review 

In the literature, the causal relationship between energy consumption and economic 

growth could be categorized into four possible hypotheses: the growth, conservation, 

feedback and neutrality hypotheses (Ozturk, 2010). First, the growth hypothesis refers to a 

condition whereby energy consumption leads economic growth. It suggests that an increase 

in energy consumption may contribute to economic growth, while a reduction in energy 

consumption may adversely affect economic growth, indicating that the economy is energy 
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dependent. Second, the conservation hypothesis refers to a condition whereby economic 

growth leads energy consumption. It implies that policies designed to reduce energy 

consumption will not adversely affect economic growth, indicating that the economy is less 

energy dependent (Masih and Masih, 1997). The conservation hypothesis is confirmed if an 

increase in economic growth causes an increase in energy consumption. Third, the feedback 

hypothesis refers to a condition whereby causality runs in both directions, that is, from energy 

consumption to economic growth and from economic growth to energy consumption. It 

implies that energy consumption and economic growth are interconnected and may very well 

serve as complements to each other. Finally, the neutrality hypothesis asserts a condition 

whereby no causality exits in either direction between energy consumption and economic 

growth. Similar to the conservation hypothesis, the neutrality hypothesis implies that energy 

conservation policies may be pursued without adversely affecting the country’s economy. 

The neutrality hypothesis is confirmed if an increase in economic growth does not cause an 

increase in energy consumption and vice versa. 

The previous studies relating to the relationship between energy consumption and 

economic sectoral outputs (agriculture, manufacturing and service sector) pertaining to South 

and Southeast Asian countries are inadequate. Among these studies, Jamil and Ahmad 

(2010), Zaman et al. (2011), Liew et al. (2012), Qazi et al. (2012) and Ahmed and Zeshan 

(2014) employed a time series analysis to investigate the relationship between energy 

consumption and economic sectoral outputs in Pakistan, and Nathan et al. (2013) employed 

the same approach for India. Table 4.1.1 presents some of the most recent research that 

studied energy consumption and various economic sectoral outputs using time series analysis. 

In particular, the Johansen cointegration test proposed by Johansen and Juselius (1990), the 

Engle–Granger co-integration test proposed by Engle and Granger (1987) and the 

autoregressive distribution lag (ARDL) bound testing proposed by Pesaran et al. (2001) have 
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been used to estimate the cointegration between the variables under consideration. The 

Granger causality test proposed by Granger (1969) and the vector error correction model 

(VECM) have been used to test the direction of causality. The majority of the studies 

presented in Table 4.1.1 examined the relationship between energy consumption and various 

economic sectoral outputs by conducting a bivariate analysis. 

Meanwhile, Qazi et al. (2012), Ahmed and Zeshan (2014) and Enu (2014) considered 

four variate analyses to examine the relationship between energy consumption and sectoral 

outputs. In particular, Qazi et al. (2012) considered industrial output, total employment, the 

consumer price index (CPI) and aggregated and disaggregated energy consumption; Ahmed 

and Zeshan (2014) focused on agricultural, industrial and service sector outputs and energy 

consumption; and Enu (2014) investigated energy consumption, labor and capital formation 

to examine the relationship between various sectoral outputs and energy consumption. In 

addition, Jamil and Ahmad (2010), Kwakwa (2012), Sebri and Abid (2012) and Nelson et al. 

(2013) used trivariate analyses in their studies. Specifically, Jamil and Ahmad (2010) 

considered electricity consumption, its price and the GDP on aggregated and disaggregated 

levels; Kwakwa (2012) examined electricity consumption, fossil energy consumption and the 

GDP on aggregated and disaggregated (agricultural and manufacturing) levels; Sebri and 

Abid (2012) considered agricultural output, trade openness and energy consumption on 

aggregated and disaggregated (oil and electricity) levels; and Nelson et al. (2013) 

investigated manufacturing growth, electricity consumption and petroleum consumption. 

Furthermore, Jumbe (2004), Zamani (2007), Chebbi and Boujelbene (2008), Kouakou 

(2011), Zaman et al. (2011), Liew et al. (2012), Nawaz et al. (2012) and Nwosa and 

Akinbobola (2012) considered a bivariate framework with energy or electricity consumption 

and particular sectoral outputs to evaluate the relationship between energy consumption and 

various economic sectoral outputs. 
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Table 4.1.1: Summary of empirical studies on energy consumption and major economic sectoral outputs in time series data approach 

Authors Period Countries Methodology Causality relationship 

Jumbe (2004) 1970–1999 Malawi VECM, Granger causality NGR → ELC 

AGR ▬ ELC 

Zamani (2007) 1967–2003 Iran VECM, Granger causality IND → IEC (in short- and long-run) 

AGR ↔ AEC (in long-run) 

Chebbi and Boujelbene 

(2008) 

1971–2003 Tunisia  Johansen co-integration, VECM AGR → EC 

MAN → EC 

SER → EC 

Jamil and Ahmad 

(2010) 

1960–2008 Pakistan Johansen co-integration, VECM MAN → EC (in long-run) 

AGR → EC (in long-run) 

Kouakou (2011) 1971–2008 Cote d’Ivoire Autoregressive Distribution Lag 

(ARDL) bound testing, VECM 

ELC → IND (in the short-and long-run) 

Zaman et al. (2011) 1980–2009 Pakistan ADF based co-integration, Granger 

causality 

IND ↔ EC 

AGR ▬ EC 

Kwakwa (2012) 1971–2007 Ghana Johansen co-integration, VECM AGR → ELC (in the short- and long-run) 

AGR →Fossil (in the long-run) 

MAN ↔ ELC (in the short- and long-run) 

MAN ↔ Fossil (in the long-run) 

MAN → Fossil (in the short-run) 

Liew et al. (2012) 1980–2007 Pakistan Johansen co-integration, Granger 

causality 

AGR ↔ EC 

SER → EC 

IND → EC 

Nawaz et al. (2012) 1977–2010 Pakistan Dynamic Ordinary Least Square, 

Granger causality 

 EC → AGR 

IND → EC 

SER → EC 

(Contd) 
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Table 4.1.1: (Continued....) 

Authors Period Countries Methodology Causality relationship 

Nwosa and Akinbobola 

(2012) 

1980–2010 Nigeria Engle-Granger co-integration, 

Vector Autoregression (VAR) 

AGR ↔ EC 

MAN ▬ EC 

SER → EC 

Qazi et al. (2012) 1972–2010 Pakistan Johansen co-integration, VECM TEC → IND (in the long-run) 

IND ↔ OIL (in the short-run) 

IND → COAL (in the short-run) 

Sebri and Abid (2012) 1980–2007 Tunisia  Johansen co-integration, VECM EC → AGR (in the short- and long-run) 

Nathan et al. (2013) 1980–2009 India Johansen co-integration, Granger 

causality 

SER → EC (in the short-run) 

EC → AGR (in the short-run) 

IND ▬ EC (in the short-run) 

Nelson et al. (2013) 1970–2010 Kenya Johansen co-integration, VECM MAN → ELC (in the short- and long-run) 

PEC → MAN (in the short- and long-run 

Ahmed and Zeshan 

(2014) 

1972–2012 Pakistan Structural VAR, Granger causality AGR ▬ EC 

Enu (2014) 1980–2012 Ghana  Ordinary Least Square  (OLS) AGR ▬ EC 

MAN ▬ EC 

SER ▬ EC 
Note: The symbols → and ↔ indicate the presence of unidirectional and bidirectional causality, respectively, while ▬ indicates that causality does not exist. AGR = 

agricultural output, MAN = manufacturing output, SER = service sector output, IND = industrial output, NGR = non agricultural output, EC = energy consumption, ELC = 

electricity consumption, AEC = Agricultural energy consumption, IEC = Industrial energy consumption, PEC = Petroleum energy consumption, TEC = total energy 

consumption, Fossil = fossil energy consumption, OIL = oil consumption, COAL = coal consumption. 
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Considering the literature discussed above, the present study aims to investigate the 

relationships between energy consumption and major economic sectoral outputs (agricultural, 

manufacturing and service sector) in a panel data framework by incorporating a multivariate 

analysis in thirteen South and Southeast Asian countries. Furthermore, unlike many of the 

previous studies, the present study will discuss the causal relationship between energy 

consumption and the three major economic sectoral outputs in relation to the four hypotheses 

categorized in the energy consumption and economic growth literature. 

4.1.3 Methodology 

To facilitate a practical analysis of the relationship between sectoral growth and energy 

consumption, this study uses several empirical methods, which include, first, panel unit root 

tests (i.e. Harris and Tzavalis, 1999; Breitung, 2000; Levin et al., 2002; Im et al.,2003) to 

provide information about the stationarity properties of the variables under consideration. 

Second, panel cointegration tests (i.e. Pedroni, 1999) are performed to determine the presence 

of cointegration. Third, the long-run cointegration parameters are estimated based on the 

studies by Pedroni (2001, 2004). Finally, a panel vector error correction model is used to test 

the short- and long-run panel causal relationship between energy consumption and three 

major economic sectoral outputs (agriculture, manufacturing and service) followed by panel 

IRFs (Rezitis and Ahammad, 2015b). Note that the estimations are performed based on the 

procedures developed in the work by Doan (2012) using the RATS 8.2 econometric software. 

4.1.3.1. Panel unit root analysis 

The determination of the stationarity properties of the variables under consideration is an 

important step in an empirical analysis, since applying the usual ordinary least square 

estimator in non-stationary variables results in spurious regressions. To determine the order 

of integration of the variables, the present study utilizes four different panel unit root tests. 

The first is the Levin, Lin and Chu (LLC) test developed by Levin et al. (2002), the second is 
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the Harris and Tzavalis (HT) test developed by Harris and Tzavalis (1999), the third is the 

Im, Pesaran and Shin (IPS) test developed by Im et al. (2003) and the fourth is the Breitung 

test developed by Breitung (2000). Most of the panel unit root tests use the following general 

structure given by Equation (4.1.1): 

 , 1 , ,

1

1,2,3 4.1.1
ip

it i i t i L i t L ki kt it

L

y y y d k    



        

where Δ is the first-difference operator, p is the lag length, dkt is a vector of deterministic 

variables and αkt is the corresponding vector of coefficients for models k=1, 2 and 3, where 

d1t={empty set}, d2t={1} and d3t={1, t}, correspondingly. The null hypothesis of 0i   

indicates that the y process has a unit root for individual i, while the alternative hypothesis of 

0i   indicates a stationary process. Levin et al. (2002) explained that, since ρi is fixed 

across i, the alternative hypothesis is that the ρi are identical and negative. Harris and 

Tzavalis (1999) provided a similar but flexible test for Equation (4.1.1) when the time 

dimension of the panel is relatively short, with a null hypothesis of a unit root and an 

alternative with a single stationary value. Unlike the two aforementioned tests, Im et al. 

(2003) proposed a panel unit root test that allows the ρi to vary across all i and in fact the null 

hypothesis indicates that all series have a unit root, that is, 0i   for all i, while the 

alternative hypothesis implies that some of the series are stationary, that is, 0i   for some i. 

An alternative set of procedures to that of Levin et al. (2002) was proposed by Breitung 

(2000) with a similar null hypothesis of a unit root, that is, 0i  . 

4.1.3.2. Panel cointegration analysis 

To test the existence of the long-run equilibrium relationship among the variables under 

consideration (i.e. lnENERGY, lnAGR, lnMAN and lnSER), a panel cointegration test 

proposed by Pedroni (1999) is used. In particular, the testing procedure of Pedroni (1999) 
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specifies a null hypothesis of no cointegration against the alternative hypothesis of 

cointegration, implying that the residuals from a regression on the variables are still I(1). 

More specifically, if the null hypothesis is that the series are not cointegrated or that they are 

cointegrated without having a common cointegrating vector, then the alternative is that the 

series are cointegrated and have a common cointegrating vector. Pedroni (1999, 2004) 

developed two sets of tests for cointegration, which include seven statistics. In the first set, 

four out of the seven are based on pooling along the within-dimension, which is known as 

panel cointegration statistics: they are the panel v-statistic, panel ρ-statistic, panel PP-statistic 

and panel ADF-statistic. With regard to the second set, the remaining three are based on 

pooling along the between-dimension, which is known as group mean panel cointegration 

statistics: they are the group ρ-statistic, group PP-statistic and group ADF-statistic. The first 

set (panel cointegration statistics) is distributed as being standard normal asymptotically and 

based on estimators that pool the autoregressive coefficient across different units for the unit 

root tests on the estimated residuals, while the second set (group mean panel cointegration 

statistics) is also distributed as being standard normal asymptotically but is based on 

estimators that average the individually estimated coefficients for each unit i. In the first set 

of statistics (panel cointegration statistics), the panel v-statistic, panel ρ-statistic and panel 

PP-statistic are based on non-parametric corrections, similar to the study by Phillips and 

Perron (1988), while the panel ADF-statistic is based on a parametric augmented Dickey–

Fuller t-statistic. With regard to the second set of statistics (group mean panel cointegration 

statistics), the group ρ-statistic and the group PP-statistic are based on non-parametric 

corrections, while the group ADF-statistic is based on an augmented Dickey–Fuller test 

statistic. Of the seven statistics, the panel v-statistic is a one-sided test in which positive 

values greater than the critical value reject the null hypothesis of no cointegration, whereas 

negative values greater than the critical value for the remaining test statistics (panel ρ-
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statistic, panel PP-statistic, panel ADF-statistic, group ρ-statistic, group PP-statistic and 

group ADF-statistic) reject the null hypothesis of no cointegration. Let us denote the 

autoregressive coefficient of the residuals in the ith unit by γι, then the null and alternative 

hypotheses of the panel statistics are formulated as follows: 

0 : 1, ,

: 1,

i

A i

H for all i

H for all i



 



 
   (4.1.2) 

By contrast, the hypotheses of the group statistics are specified as: 

0 : 1, ,

: 1,

i

A i

H for all i

H for all i








   (4.1.3) 

It is worth mentioning that the alternative hypothesis of the panel cointegration statistics 

(within-dimension) presumes a common value for i  , while the group mean panel 

cointegration statistics (between-dimension) do not presume a common value for i  . In 

addition, it allows an additional source of potential heterogeneity across individual units of 

the panel. 

The long-run relationship between energy consumption and the three sectoral outputs 

(e.g. agricultural sector, manufacturing sector and service sector) is given by Equation 

(4.1.4):  

1 2 3ln ln ln ln

1,..., ; 1971 to 2012 (4.1.4)

it i i t i t i t itENERGY AGR MAN SER

for i N t

        

 

 

where αi is a fixed-effect parameter while β1i, β2i and β3i are the slope parameters. εit are the 

estimated residuals, which represent deviations from the long-run relationship. ENERGYit 

refers to the energy consumption, AGR is the real gross domestic product of the agricultural 

sector, MAN is the real gross domestic product of the manufacturing sector and SER is the 

real gross domestic product of the service sector. 



124 

 

Based on a number of studies written by Pedroni (2000, 2001, 2004, 2007), the current 

study employs two estimators to estimate the long-run parameters of the cointegration 

relationships, which is given by Equation (4.1.4). The first estimator is the fully modified 

ordinary least squares (FMOLS), which was originally developed by Phillips and Hansen 

(1990) and extended by Hansen (1992). The second estimator is the dynamic ordinary least 

squares (DOLS), which was proposed by Stock and Watson (1993). It is worth mentioning 

that the least squares estimated parameters in Equation (4.1.4) suffer from simultaneity bias 

due to the correlation between the left-hand side variable (lnENERGYit) and the error term 

(εit) and from dynamic endogeneity due to serial correlation of the error term (εit). The 

FMOLS estimator used in estimating Equation (4.1.4) corrects the estimates and covariance 

matrix for endogeneity, while the DOLS estimator eliminates the endogeneity by including 

the current lags and leads of the first difference of the right-hand variables (lnAGR, lnMAN 

and lnSER) in the regression of Equation (4.1.4). 

4.1.3.3. Panel short-run and long-run causality analysis 

Since the cointegration analysis can only determine the relationship among the variables, 

not the direction of causality, it is usual practice to examine the causal direction among the 

variables once cointegration is established. The current study employs a two-step procedure 

to test the causality. The first step is to estimate the long-run model (FMOLS) specified in 

Equation (4.1.4) to calculate the residuals. The second step is to define the one-lagged 

residuals as the error correction term (ECT), which will be included in the panel vector error 

correction model. In particular, the variables are considered as in the first difference plus the 

error correction term (ECT) as an exogenous variable. The dynamic panel vector error 

correction model can be formulated as follows: 
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where Δ is the first-difference operator; p is the lag length set at two based on the satisfaction 

of the classical assumptions on the error term;5 εit is the residuals from the panel FMOLS 

estimation of Equation (4.1.4); and uit is the serially uncorrelated error term. In the energy 

consumption (ENERGY) Eq., (4.1.5.1), the short-run causality from agricultural sector output, 

manufacturing sector output and service sector output to energy consumption is examined, 

based on 0 12: 0li liH    , 0 13: 0li liH    and 0 14: 0li liH    , respectively. In the agricultural 

sector output (AGR) Eq., (4.1.5.2), the short-run causality from energy consumption, 

manufacturing sector output and service sector output to agricultural sector output is 

examined, based on 0 21: 0li liH    , 0 23: 0li liH    and 0 24: 0li liH    , respectively. In the 

manufacturing sector output (MAN) Eq., (4.1.5.3), the short-run causality from energy 

                                                           
 

5Lee and Chang (2008) showed the procedure to identify the optimal lag. For the selection of the optimal lag, the test process 

is started by lag one (P = 1) and it continues until the error terms are free of serial correlation. In this study, lag two (P = 2) 

satisfies the classical assumptions on the error term. 
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consumption, agricultural sector output and service sector output to manufacturing sector 

output is examined, based on 0 31: 0li liH    , 0 32: 0li liH    and 0 34: 0li liH    , 

respectively. Finally, in the service sector output (SER) Eq., (4.1.5.4), short-run causality 

from energy consumption, agricultural sector output and manufacturing sector output to 

service sector output is examined, based on 0 41: 0li liH    , 0 42: 0li liH    and

0 43: 0li liH    , respectively. The long-run causality in each Eq. (4.1.5.1)–( 4.1.5.4) is 

examined by investigating the statistical significance of the t-statistic for the coefficient on 

the respective error correction term (εit). 

4.1.4 Data 

The data used in this section consist of annual observations from 1971 to 2012. The 

energy consumption data were obtained from the World Bank Development Indicators and 

the remaining three sectors’ (agriculture, manufacturing and service) data were obtained from 

the United Nations’ National Accounts Main Aggregates Database for thirteen South and 

Southeast Asian countries, namely Bangladesh, India, Nepal, Pakistan, Sri Lanka, Indonesia, 

Malaysia, the Philippines, Thailand, Singapore, Brunei Darussalam, Myanmar and Vietnam. 

The remaining countries were omitted due to the unavailability of data for all the variables 

(i.e. data from 1971 to 2012). The multivariate panel data approach includes the natural 

logarithm of energy use (lnENERGY) in kilowatt per oil equivalent, real gross domestic 

product of the agricultural sector (lnAGR) in constant 2005 U.S. dollars, real gross domestic 

product of the manufacturing sector (lnMAN) in constant 2005 U.S. dollars and real gross 

domestic product of the service sector (lnSER) in constant 2005 U.S. dollars. A detailed 

description of the data is presented in Table 4.1.2. 
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Table 4.1.2: Data description: Agricultural, manufacturing, service sectors outputs and energy consumption. 

Variables Definition ISIC categories Data sources 

Agricultural sector 

output 

Agriculture, hunting and forestry; and fishing A,B Annual observations from 1971 to 2012 in 

constant 2005 U.S. dollars price at: 

http://unstats.un.org/unsd/snaama/dnllist.asp, 

accessed in October 2014 
Manufacturing sector 

output 

Manufacturing D 

Service sector output Wholesale, retail trade, repair of motor 

vehicles, motor cycles and personal and 

household goods; hotels and restaurants; 

transport, storage and communication; 

financial intermediation; real estate, renting 

and business activities; public administration 

and defense, compulsory social security; 

education; health and social work; other 

community, social and personal service 

activities;  and activities of household 

G, H, I, J, K, L,M, N, 

O, P 

Energy consumption Use of primary energy before transformation 

to other end-use fuels, which is equal to 

indigenous production plus imports and stock 

changes, minus exports and fuels supplied to 

ships and aircraft engaged in international 

transport 

N/A Annual observations from 1971 to 2012 in 

kilowatt per oil equivalent at: 

http://data.worldbank.org/indicator, accessed 

in October 2014 

Notes: ISIC stands for International Standard of Industrial Classification and N/A stands for Not Applicable. 

http://unstats.un.org/unsd/snaama/dnllist.asp
http://data.worldbank.org/indicator
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4.1.5 Results and discussion 

4.1.5.1 Panel unit root results 

The panel unit root test results are presented in Table 4.1.3 and Table 4.1.4. Most of the 

panel unit root results show a tendency to fail to reject the null hypothesis of a panel unit root 

for the levels of the variables. On the contrary, all of the panel unit root results indicate 

rejection of the null of a panel unit root of the first differences of the variables in support of 

the alternative of stationary first differences of the variables. Thus, from the panel unit root 

analysis, it could be concluded that the variables are integrated of order one, suggesting a 

possible long-run cointegrating relation among the variables, such as lnENERGY, lnAGR, 

lnMAN and lnSER. Therefore, the next step of the empirical analysis is to investigate the 

presence of cointegration between the variables under consideration. 

Table 4.1.3: Results of panel unit root LLC and Breitung tests 

 LLC test   Breitung test 

 None Constant Constant 

and Trend 

None Constant Constant 

and Trend 

Variables in levels 

lnENERGY 22.93  

(1.00) 

-1.18  

(0.12) 

1.72  

(0.96) 

12.44  

(1.00) 

10.67  

(1.00) 

-1.88  

(0.03) 

lnAGR 17.56  

(1.00) 

-1.78  

(0.04) 

0.34  

(0.63) 

12.52  

(1.00) 

9.59  

(1.00) 

-3.52  

(0.00) 

lnMAN 13.15  

(1.00) 

-1.89  

(0.03) 

1.08  

(0.86) 

9.85  

(1.00) 

9.26  

(1.00) 

-2.76  

(0.00) 

lnSER 13.95  

(1.00) 

0.21  

(0.58) 

1.22  

(0.89) 

10.53  

(1.00) 

6.54  

(1.00) 

-3.29  

(0.00) 

Variables in 1st differences 

ΔlnENERGY -4.89  

(0.00) 

-13.19  

(0.00) 

-11.16  

(0.00) 

-4.29  

(0.00) 

-12.04  

(0.00) 

-12.09  

(0.00) 

ΔlnAGR -5.84  

(0.00) 

-14.75  

(0.00) 

-9.09  

(0.00) 

-5.17  

(0.00) 

-7.35  

(0.00) 

-11.21  

(0.00) 

ΔlnMAN -6.87  

(0.00) 

-4.35  

(0.00) 

-2.15  

(0.02) 

-5.23  

(0.00) 

-4.19  

(0.00) 

-9.26  

(0.00) 

ΔlnSER -2.85  

(0.00) 

-4.07  

(0.00) 

-5.49  

(0.00) 

-3.05  

(0.00) 

-6.21  

(0.00) 

-8.86  

(0.00) 
Note: Δ is the 1st difference operator. Numbers in parentheses are p-values. 
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Table 4.1.4: Results of panel unit root HT and IPS tests 

 HT test IPS test 

 None Constant Constant and 

Trend 

Constant Constant and 

Trend 

Variables in levels 

lnENERGY 0.42  

(0.66) 

1.95  

(0.97) 

-1.052  

(0.15) 

2.64  

(0.99) 

1.16  

(0.88) 

lnAGR 0.13  

(0.55) 

3.34  

(1.00) 

0.62  

(0.73) 

3.70  

(1.00) 

-0.62  

(0.26) 

lnMAN 0.28  

(0.61) 

2.99  

(0.99) 

3.09  

(1.00) 

2.77  

(0.99) 

0.88  

(0.81) 

lnSER 0.26  

(0.60) 

2.99  

(0.99) 

2.94  

(0.99) 

4.16  

(1.00) 

0.87  

(0.81) 

Variables in 1st differences 

ΔlnENERGY -75.31  

(0.00) 

-40.32  

(0.00) 

-23.84  

(0.00) 

-10.32  

(0.00) 

-8.82  

(0.00) 

ΔlnAGR -75.67  

(0.00) 

-48.01  

(0.00) 

-28.66  

(0.00) 

-11.02  

(0.00) 

-9.16  

(0.00) 

ΔlnMAN -64.18  

(0.00) 

-42.32  

(0.00) 

-25.76  

(0.00) 

-7.11  

(0.00) 

-6.27  

(0.00) 

ΔlnSER -48.04  

(0.00) 

-39.75  

(0.00) 

-23.87  

(0.00) 

-6.88  

(0.00) 

-5.44  

(0.00) 

Note: Δ is the 1st difference operator. Numbers in parentheses are p-values. 

4.1.5.2 Panel cointegration test 

The panel cointegration test results presented in Table 4.1.5 are obtained with and without 

the inclusion of time dummies. Most of the test statistics reject the null hypothesis of no 

cointegration between energy consumption, agricultural sector output, manufacturing sector 

output and service sectoroutput at the conventional level of significance. In particular, four 

test statistics (panel PP-statistic, panel ADF-statistic, group PP-statistic and group ADF-

statistic) out of seven reject the null hypothesis of no cointegration between the variables 

under consideration when time dummies are included. On the other hand, five test statistics 

(panel v-statistic, panel PP-statistic, panel ADF-statistic, group PP-statistic and group ADF-

statistic) out of seven reject the null hypothesis of no cointegration between the variables 

under consideration when time dummies are not included. These results indicate the existence 

of long-run co-movement among the variables. 
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Table 4.1.5: Panel cointegration test 

Variables Panel (Within dimension) Group (Between dimension) 

v-statistic ρ- statistic PP- statistic ADF- 

statistic 

ρ- statistic PP- statistic ADF- 

statistic 

Cointegration Test-With Time Dummies 

lnENERGY, 

lnAGR, lnMAN, lnSER, cons, trend 

0.93 -0.32 -2.15** -2.17** 0.88 -1.50* -2.24** 

Cointegration Test-Without Time Dummies 

lnENERGY, 

lnAGR, lnMAN, lnSER, cons, trend 

1.45* -0.51 -1.95** -2.04** 0.60 -1.44* -2.03** 

Note: ***, **, * indicate statistical significance at 1%, 5% and 10% level of significance, respectively. The statistics are asymptotically significant as standard normal. 
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4.1.5.3 Long-run equilibrium relationship 

The long-run elasticity results of the panel FMOLS and DOLS estimators are presented in 

Table 4.1.6. In particular, Table 4.1.6 presents the panel cointegration coefficients for energy 

consumption (ENERGY) as a group as well as for each specific country i (i=1,…, 13). The 

results of the heterogeneity tests  2 tests   for the estimated coefficients 
^ ^ ^ ^

1 2 3, , ,i i i i   
 
 
 

corresponding to the variables under consideration (intercepti, lnAGRi, lnMANi, lnSERi) are 

also reported in Table 4.1.6. The null hypothesis of the heterogeneity test is that each 

individual coefficient is equal to the average of the group. 

A primary inspection of the empirical results reported in Table 4.1.6 indicates that the 

FMOLS and DOLS estimators produce very similar results in terms of the sign, magnitude 

and statistical significance of the parameter estimates for the full panel and slightly different 

results for the individual countries. The third row of Table 4.1.6 presents the estimated 

parameters of the cointegration vector corresponding to the full panel, that is, the whole 

group of 13 South and Southeast Asian countries. All the coefficients of the full panel are 

positive and statistically significant at the 5% level of significance. The estimates of the full-

panel FMOLS indicate that a 1% increase in agricultural sector output increases energy 

consumption by 0.08%; a 1% increase in manufacturing sector output increases energy 

consumption by 0.19%; and a 1% increase in service sector output increases energy 

consumption by 0.55%. The estimates of the full-panel DOLS indicate that a 1% increase in 

agricultural sector output increases energy consumption by 0.10%; a 1% increase in 

manufacturing sector output increases energy consumption by 0.23%; and a 1% increase in 

service sector output increases energy consumption by 0.45%. Note that energy consumption 

shows a higher response to service sector output followed by manufacturing sector output and 

agricultural sector output for both FMOLS and DOLS models.
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Table 4.1.6: Panel cointegration coefficients of thirteen South and Southeast Asian countries 

 Panel FMOLS Panel DOLS 

 Intercept lnAGR lnMAN lnSER Intercept lnAGR lnMAN lnSER 

lnENERGY 

(full panel) 

-5.82*** 

(13.95) 

0.08** 

(2.11) 

0.19*** 

(8.99) 

0.55*** 

(16.54) 

-5.83*** 

(14.45) 

0.10** 

(2.50) 

0.23*** 

(12.01) 

0.45*** 

(14.36) 

lnENERGY 

(Bangladesh) 

-7.95*** 

(8.61) 

-0.26** 

(2.96) 

0.16*** 

(5.08) 

0.84*** 

(19.6) 

-10.69*** 

(14.07) 

-0.03 

(0.49) 

0.13*** 

(5.01) 

0.76*** 

(33.40) 

lnENERGY 

(India) 

-2.71* 

(1.83) 

-0.01 

(0.10) 

0.00 

(0.00) 

0.63*** 

(3.91) 

2.75 

(0.34) 

-0.39 

(0.71) 

-0.14 

(0.49) 

0.94* 

(1.79) 

lnENERGY 

(Nepal) 

-4.87*** 

(6.62) 

0.22** 

(2.61) 

0.03 

(1.23) 

0.39*** 

(6.29) 

-7.54*** 

(10.72) 

0.51*** 

(5.90) 

0.02 

(1.25) 

0.24*** 

(3.60) 

lnENERGY 

(Pakistan) 

-12.78*** 

(10.92) 

0.48*** 

(3.66) 

-0.17 

(1.33) 

0.66*** 

(3.99) 

-14.27*** 

(10.06) 

0.47*** 

(3.49) 

-0.44** 

(2.6) 

0.98*** 

(4.45) 

lnENERGY 

(Sri Lanka) 

3.53 (1.61) -0.49** 

(2.60) 

0.18** 

(2.25) 

0.53*** 

(3.89) 

6.55** 

(2.04) 

-0.77** 

(2.87) 

0.10 

(1.33) 

0.73*** 

(4.28) 

lnENERGY 

(Indonesia) 

-23.35*** 

(4.74) 

1.69*** 

(3.91) 

0.26*** 

(3.24) 

-0.48* 

(1.86) 

-13.69 

(1.30) 

0.95 

(1.15) 

0.24* 

(1.96) 

-0.13 

(0.31) 

lnENERGY  

(Malaysia) 

-13.78*** 

(7.92) 

0.24** 

(2.11) 

0.49*** 

(7.17) 

0.28*** 

(3.21) 

-16.79*** 

(11.15) 

0.61*** 

(4.96) 

0.8*** 

(6.23) 

-0.25 

(1.33) 

lnENERGY   

(Philippines) 

3.36 

(0.47)   

-0.50 

(0.63) 

-0.25 

(0.53) 

1.00** 

(2.51) 

19.74* 

(1.87)    

-2.87** 

(2.65) 

0.41 

(0.76)  

1.94*** 

(3.63)    

lnENERGY  

(Thailand) 

-5.48 

(1.12) 

0.51 

(1.44) 

1.73*** 

(4.43) 

-1.50*** 

(3.26) 

10.14*** 

(3.48) 

-0.02 

(0.10) 

3.13*** 

(15.02) 

-2.30*** 

(13.86) 

lnENERGY  

(Singapore) 

-9.05 

(1.47)  

-0.12 

(0.64) 

-0.19 

(0.40) 

1.04** 

(2.10)   

-9.43 

(0.55)   

-0.07 

(0.13) 

0.25 

(0.13)   

0.58 

(0.28)    

lnENERGY  

(Brunei) 

-20.32*** 

(8.22) 

-0.21** 

(2.14) 

0.43*** 

(4.35) 

1.06*** 

(15.85) 

-17.13*** 

(8.86) 

-0.11 

(1.43) 

0.46*** 

(4.48) 

0.81*** 

(10.96) 

(Contd) 
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Table 4.1.6: (Continued….) 

 Panel FMOLS Panel DOLS 

 Intercept lnAGR lnMAN lnSER Intercept lnAGR lnMAN lnSER 

lnENERGY  

(Myanmar) 

-2.33** 

(2.80) 

0.56*** 

(6.38) 

-0.43*** 

(4.09) 

0.38* 

(1.99) 

-2.72** 

(2.53) 

0.45*** 

(6.04) 

-0.51*** 

(4.5) 

0.58** 

(2.82) 

lnENERGY  

(Vietnam) 

1.38* 

(1.83) 

-0.40*** 

(3.43) 

0.63*** 

(11.01) 

0.17 

(1.33) 

-0.26 

(0.61) 

-0.34*** 

(4.13) 

0.59*** 

(14.73) 

0.22** 

(2.08) 

Heterogeneity Test (
2

12 -test) for the estimated coefficients 

Intercept 232.52 [0.00] 388.37 [0.00] 

lnAGR 111.37 [0.00] 128.71 [0.00] 

lnMAN 189.65 [0.00] 462.64 [0.00] 

lnSER 152.12 [0.00] 405.29 [0.00] 
Note: Five lags and two leads were set for the panel DOLS estimator. Numbers in parenthesis are the absolute values of t-statistics while those in brackets are p-values. ***, 

**, * indicate statistical significance at 1%, 5% and 10% level of significance, respectively. 
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The FMOLS and DOLS estimates of individual countries indicate that the energy 

consumption of Nepal, Pakistan, Indonesia, Malaysia and Myanmar responds positively to 

the agricultural sector output, with the exception of Indonesia, which is statistically 

insignificant under DOLS model. In contrast, the energy consumption of Bangladesh, India, 

Sri Lanka, the Philippines, Singapore, Brunei Darussalam, and Vietnam responds negatively 

to the agricultural sector output. Note that the energy consumption of India and the 

Philippines under FMOLS model and Bangladesh, India, Singapore and Brunei Darussalam 

under DOLS model shows a negative response to the agricultural sector output; however, 

these responses are statistically insignificant. The negative and significant responses of 

energy consumption to the agricultural sector output of these countries might be a reason why 

farmers in these particular countries do not use energy as a modernized tool to enhance 

agricultural productivity efficiently and effectively. The response of energy consumption to 

the agricultural sector output of Thailand shows mixed signs under FMOLS and DOLS 

models, which are statistically insignificant. The manufacturing sector output has positive 

and statistically significant effects on energy consumption for Bangladesh, Nepal, Sri Lanka, 

Indonesia, Malaysia, Thailand, Brunei Darussalam, and Vietnam, with the exception of 

Nepal, which is statistically insignificant under both FMOLS and DOLS models. On the other 

hand, this effect is negative for Pakistan and Myanmar, in which Pakistan’s effect under 

FMOLS model is statistically insignificant. This implies that Pakistan and Myanmar’s 

manufacturing sectors might not use energy as a modernized tool to enhance manufacturing 

sector output efficiently and effectively, or there might have been irregularities in the energy 

consumption process. The signs of the responses of energy consumption to the manufacturing 

sector output of India, the Philippines, and Singapore are mixed and statistically insignificant 

under both FMOLS and DOLS models. The responses of energy consumption to the service 

sector output of Bangladesh, India, Nepal, Pakistan, Sri Lanka, the Philippines, Singapore, 
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Brunei Darussalam, Myanmar and Vietnam are positive and statistically significant, with the 

exception of Singapore and Vietnam which are statistically insignificant under DOLS and 

FMOLS models, respectively. On the other hand, the effects of service sector output to the 

energy consumption of Indonesia and Thailand are negative and statistically significant, with 

the exception of Indonesia, which is statistically insignificant under DOLS model. This might 

be a reason why Indonesia and Thailand’s service sectors are not properly associated with the 

energy consumption process. Finally, in the case of Malaysia, this effect is positive and 

statistically significant under FMOLS model, while it is negative and statistically insignificant 

under DOLS model. The heterogeneity tests for the estimated coefficients presented in the 

last five rows of Table 4.1.6 reject the hypothesis of equality of the individual estimated 

coefficient to the corresponding average panel (group) coefficient presented in the third row 

of the table. 

4.1.5.4 Short-run and long-run causality analysis 

Table 4.1.7 presents the results of the short- and long-run causality tests for the panel data 

set under consideration. Based on Table 4.1.7, the short-run dynamics in Eq. (4.1.5.1) 

indicate that agricultural sector output (AGR), manufacturing sector output (MAN) and 

service sector output (SER) have an impact on energy consumption (ENERGY),since their F-

statistics are statistically significant at the 10% level of significance. The results of Eq. 

(4.1.5.2) provide evidence that energy consumption (ENERGY) has predictive power to 

forecast agricultural sector output (AGR). On the other hand, manufacturing sector output 

(MAN) and service sector output (SER) do not have any predictive power to forecast 

agricultural sector output since their F-statistics are statistically insignificant. In terms of Eq. 

(4.1.5.3), it appears that energy consumption and service sector output have a causal effect on 

manufacturing sector output, while agricultural sector output does not have any causal effect 

on manufacturing sector output. The results of Eq. (4.1.5.4) show that manufacturing sector 
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output has an impact on service sector output. However, energy consumption and agricultural 

sector output do not have any impact on service sector output. 

Table 4.1.7: Panel causality test results of thirteen South and Southeast Asian countries 

Dependent 

variable 

Sources of causation (independent variables) 

Sort-run Long-run 

ΔlnENERGY ΔlnAGR ΔlnMAN ΔlnSER ECT 

(4.1.5.1) 

ΔlnENERGY 

 

- 2.492* 

(0.08) 

← 

2.887* 

(0.06) 

← 

2.501* 

(0.08) 

← 

-8.221*** 

(0.00) 

← 

(4.1.5.2) ΔlnAGR 

 

5.235*** 

(0.01) 

← 

- 1.754 

(0.17) 

▬ 

1.965 

(0.14) 

▬ 

2.539*** 

(0.01) 

← 

(4.1.5.3) 

ΔlnMAN 

 

2.563* 

(0.08) 

← 

1.104 

(0.33) 

▬ 

- 3.165** 

(0.04) 

← 

2.402** 

(0.02) 

← 

(4.1.5.4) ΔlnSER 

 

0.025 

(0.98) 

▬ 

0.878 

(0.42) 

▬ 

11.426*** 

(0.00) 

← 

- 1.930** 

(0.05) 

← 

Auto correlation:  

Multivariate Q[1] = 11.34327 Significance level as 
2

16  = (0.78782) 

Multivariate Q[2] = 22.36837 Significance level as 
2

32  = (0.89724) 

Notes: ECT represents the error correction term. Numbers of short-run causality are F-statistics and numbers of 

long-run causality are t-statistics while numbers in parentheses are p-values. ***, **, * indicate statistical 

significance at 1%, 5% and 10% levels of significance, respectively. The symbol ← indicates the presence of 

causality, while ▬ indicates that causality does not exist. 

 

Therefore, it is implied that the short-run causality relationships between energy 

consumption and agricultural sector output and between energy consumption and 

manufacturing sector output in thirteen South and Southeast Asian countries are bidirectional, 

which supports the feedback hypothesis. These relationships indicate that energy 

consumption, agricultural sector output and manufacturing sector output are interconnected 

and may very well serve as complements to each other, also indicating that the agricultural 

sector output and manufacturing sector output of the thirteen South and Southeast Asian 

countries are energy dependent. In contrast, the causal relationship between energy 

consumption and service sector output is unidirectional, running from service sector output to 

energy consumption, which supports the conservation hypothesis, indicating that service 
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sector output is less energy dependent in the short run. With respect to the long-run causality, 

the results of Eq. (4.1.5.1) in Table 4.1.7 indicate that energy consumption is adjusting to the 

deviation from the long-run equilibrium since its error correction term (ECT) is statistically 

significant at 1% level of significance, meaning that agricultural sector output, manufacturing 

sector output, and service sector output cause energy consumption. The results of Eq. 

(4.1.5.2) show that agricultural sector output is adjusting to the deviation from the long-run 

equilibrium, implying that energy consumption, manufacturing sector output, and service 

sector output cause agricultural sector output. The findings of Eq. (4.1.5.3) reveal that 

manufacturing sector output is adjusting to the deviation from the long-run equilibrium, 

indicating that energy consumption, agricultural sector output, and service sector output lead 

to manufacturing sector output. Finally, the empirical results of Eq. (4.1.5.4) show that 

service sector output is adjusting to the deviation from the long-run equilibrium, meaning that 

energy consumption, agricultural sector output, and manufacturing sector output cause 

service sector output. Thus, in the long run, the causal relationships between energy 

consumption and the agricultural sector output, manufacturing sector output, and service 

sector output in the 13 south and south-east Asian countries are bidirectional, which supports 

the feedback hypothesis indicating that the aforementioned sectors are energy dependent. The 

results of the short-run and long-run causality tests suggest that an increase in energy 

consumption may contribute to the agricultural sector, manufacturing sector and service 

sector, while a reduction in energy consumption may adversely affect these three sectors’ 

outputs in the thirteen South and Southeast Asian countries, with the exception of service 

sector output, which is not energy dependent in the short run. Finally, it can be concluded 

that, in the short and the long run, energy is an important component of economic 

development in the thirteen South and Southeast Asian countries. Thus, the policy regarding 

energy conservation in South and Southeast Asian countries should be considered carefully. 
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4.1.5.5 Panel multivariate impulse response functions (IRFs) 

The panel impulse response functions (IRFs) are created by generating unit shocks to all 

the variables, such as energy consumption (ENERGY), agricultural sector output (AGR), 

manufacturing sector output (MAN) and service sector output (SER). Figure 4.1.1 shows the 

panel IRFs for the four variables of the thirteen South and Southeast Asian countries. The 

variable shocked is presented in the column, while the target variable is in the row. From 

Figure 4.1.1 it is observed that most of the shocks of all the variables reach the equilibrium 

level within three to seven years. 

 

Note: ENERGY is energy consumption, AGR is agricultural sector output, MAN is manufacturing sector output 

and SER is service sector output. 

 

Figure 4.1.1: Panel IRFs comparison of thirteen South and Southeast Asian countries 

 

The first row of Figure 4.1.1 shows the impulse responses of the variables to a one-unit 

shock in energy consumption. From the graph it is apparent that a one-unit shock in energy 

consumption negatively affects the remaining variables (i.e. agricultural sector output, 

manufacturing sector output and service sector output) for all the countries. This graph also 

shows that the highest responses of agricultural sector output and service sector output occur 

in the first two years and that of manufacturing sector output is in the first year from the 

initial shock and they require about seven years to return to their long-run equilibrium level. 
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The second row of Figure 4.1.1 shows the impulse responses of the variables to a one-unit 

shock in agricultural sector output. From the graph it is evident that a one-unit shock in 

agricultural sector output negatively affects energy consumption, manufacturing sector output 

and service sector output. This graph also reveals that the highest responses of energy 

consumption and service sector output for most of the individual countries are in the first year 

from the initial shock and they require about four years to return to their long-run equilibrium 

level. Meanwhile, the highest response of manufacturing sector output for most of the 

individual countries occurs in the first two years from the initial shock and about five years 

are required for it to return to its long-run equilibrium level. 

The third row of Figure 4.1.1 shows the impulse responses of the variables to a one-unit 

shock in manufacturing sector output. The graph indicates that a one-unit shock in 

manufacturing sector output positively affects energy consumption, agricultural sector output 

and service sector output.  It is also found that the highest responses of all the variables of 

most of the countries are in the first year from the initial shock. The response of the service 

sector output requires about seven years to return to its long-run equilibrium level. The 

responses of energy consumption and agricultural sector output are different in this case; in 

the first year from the initial shock they show a positive response, but from the second year 

they respond negatively and require about four years to come back to their long-run 

equilibrium level. 

The fourth row of Figure 4.1.1 shows the impulse responses of the variables to a one-unit 

shock in service sector output. From the graph it is found that a one-unit shock in service 

sector output negatively affects the energy consumption and it needs about three years to 

return to its long-run equilibrium level. Furthermore, it positively affects agricultural sector 

output and manufacturing sector output, which are the highest in the first two years from the 

initial shock and require about five years to come back to their long-run equilibrium level. 
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4.1.6 Conclusions and policy implications 

This section examines the relationship between energy consumption and the three major 

sectoral outputs (agricultural sector, manufacturing sector and service sector) in thirteen 

South and Southeast Asian countries using the panel data approach. It uses panel 

cointegration analysis to estimate the dynamic relationships, the panel vector error correction 

model to detect the direction of short-run and long-run causality and panel IRFs to examine 

the effect of shocks between energy consumption and the three sectoral outputs under 

consideration. 

The panel cointegration analysis reveals that the long-run equilibrium relationship 

between energy consumption, agricultural sector output, manufacturing sector output and 

service sector output are positive and statistically significant, indicating the existence of long-

run co-movement among the variables. The panel short-run causality results evidence 

bidirectional causality between energy consumption and agricultural sector output and 

between energy consumption and manufacturing sector output, supporting the feedback 

hypothesis, while the causal relationship between energy consumption and service sector 

output is unidirectional, running from service sector output to energy consumption, which 

supports the conservation hypothesis. These results indicate that the agricultural sector output 

and manufacturing sector output of the thirteen South and Southeast Asian countries are 

energy dependent, but the service sector output is less energy dependent. The panel long-run 

causality results provide evidence that the causal relationship between energy consumption 

and the three sectoral outputs (agricultural sector, manufacturing sector and service sector) 

are bidirectional, which supports the feedback hypothesis, indicating that energy consumption 

and agricultural sector output, manufacturing sector output and service sector output are 

interconnected and may very well serve as complements to each other, which also suggests 

that in the long run, the agricultural sector output, manufacturing sector output and service 
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sector output of the thirteen South and Southeast Asian countries are energy dependent. The 

results of the short-run and long-run causality tests suggest that an increase in energy 

consumption may contribute to the agricultural sector, manufacturing sector and service 

sector outputs, while a reduction in energy consumption may adversely affect these three 

sectors’ output in the thirteen South and Southeast Asian countries, with the exception of 

service sector output, which is not energy dependent in the short run. The panel multivariate 

impulse response functions indicate that: (i) the responses to shocks of all the variables reach 

the equilibrium level within three to seven years in the time period, (ii) a one-unit shock in 

energy consumption negatively affects agricultural sector output, manufacturing sector output 

and service sector output, (iii) a one-unit shock in agricultural sector output negatively affects 

energy consumption, manufacturing sector output and service sector output, (iv) a one-unit 

shock in manufacturing sector output positively affects energy consumption, agricultural 

sector output and service sector output and (v) a one-unit shock in service sector output 

negatively affects energy consumption but positively affects agricultural sector output and 

manufacturing sector output. 

Finally, the empirical results of the present section might give policymakers a better 

understanding of the relationship between energy consumption and the three economic 

sectoral outputs (agricultural sector, manufacturing sector and service sector) to formulate 

energy policies in the thirteen South and Southeast Asian countries. The investigation of the 

dynamic relationship between energy consumption and economic sectoral outputs has 

important policy implications. The dynamic relationships between energy consumption and 

economic sectoral outputs in the present section clearly indicate that energy consumption has 

a significant impact on the three economic sectoral outputs. This means that continuous 

energy consumption may contribute to a continuous increase in agricultural sector, 

manufacturing sector and service sector outputs and a continuous reduction in energy 
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consumption may compromise the development of agricultural sector, manufacturing sector 

and service sector outputs, indicating that sectoral outputs are fundamentally motivated by 

energy consumption. However, the excessive consumption of energy may create long-run 

environmental consequences. As a result, to avoid negative shocks to the economic 

development in the thirteen South and Southeast Asian countries, the policymakers should 

formulate well-planned short-term and long-term energy conservation policies taking into 

consideration the sector-specific links with energy consumption and the possible long-run 

environmental impacts. 

 

 

 

 

 

 

 

 

 

 

 

 

SECTION–4.2 

The relationship between energy consumption and economic growth in South and 

Southeast Asian countries: a panel VAR approach and causality analysis 
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4.2.1 Introduction 

The present section aims to explore the relationship between energy consumption and 

economic growth in nine South and Southeast Asian countries by applying the panel vector 

autoregression (VAR) model. The nine South and Southeast Asian countries considered are 

Bangladesh, Brunei Darussalam, India, Indonesia, Malaysia, Pakistan, the Philippines, Sri 

Lanka and Thailand. Of these nine countries, four, Bangladesh, India, Pakistan and Sri 

Lanka, are members of the South Asian Association for Regional Cooperation (SAARC),6 

while the remaining five, Brunei Darussalam, Indonesia, Malaysia, the Philippines and 

Thailand, are members of the Association of Southeast Asian Nations (ASEAN)7. These two 

organizations encompass about 6% of the Earth’s total land area and about 32% of the 

world’s population which are mostly shared by the aforementioned countries. These nine 

countries are also ranked as emerging and developing economies by the International 

Monetary Fund (IMF, 2011), indicating that they are less heterogeneous. In addition, it is 

widely agreed that energy consumption has a significant impact on the economic activity 

particularly of developing countries. 

The purpose of this section is to examine the extent to which energy consumption is 

related to the economic growth in nine South and Southeast Asian countries. The 

identification of the relationship between energy consumption and economic growth has 

important implications for energy conservation policies. Empirical studies on energy 

consumption and economic growth have shaped different outcomes. First, if energy 

consumption leads economic growth, the economy is called energy dependent, indicating that 

                                                           
 

6 See footnote 3. 

7 See footnote 4. 
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energy is a stimulus for economic growth. As a result, energy conservation policies might 

affect the economic development. Second, if economic growth leads energy consumption or 

there is no relationship between energy consumption and economic growth, the economy is 

referred to as less energy dependent indicating that energy is not a stimulus for economic 

growth. As a result, energy conservation policies may be implemented with few or no adverse 

effects on economic development. Based on the outcomes discussed above, the present 

section intends to identify the links between energy consumption and economic growth to 

provide policy implications for the nine aforementioned South and Southeast Asian countries. 

The present section employs a multivariate panel data framework with the real gross 

domestic product (GDP), energy use (ENERGY), real gross fixed capital formation (GFC), 

and the total labor force (LABOR)  to capture the dynamic relationships between the series 

under consideration. In particular, the panel VAR model used in the present section provides 

IRFs that enable the effect of responses between the series under consideration to be 

examined. The Granger causality tests capture the direction of the relationships between 

energy consumption and economic growth. The empirical results indicate that significant 

dynamic relations exist between real gross domestic product, energy use, real gross fixed 

capital formation, and total labor force, allowing suggestions for policy makers to be 

formulated. It is worth mentioning that some studies (Al-Iriani, 2006; Chen et al., 2007; Lee 

and Chang, 2007; Mehrara, 2007; Nondo et al., 2010; Ozturk et al., 2010) have investigated 

the relationship between energy consumption and economic growth by using a bivariate 

model between energy consumption and economic growth instead of a multivariate approach 

that incorporates additional variables into the analysis, as in the present section. However, in 

the case of bivariate analysis, there is the possibility of omitted variable bias, as Lütkepohl 

(1982) indicated. 
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This section contributes to the related literature in several ways. First, this section uses the 

panel VAR approach to examine the dynamic relationships and provide IRFs and the panel 

Granger causality between energy consumption and economic growth in nine emerging and 

developing South and Southeast Asian countries. The previous study by Lee and Chang 

(2008) conducted a panel cointegration and causality analysis to examine the relationship 

between energy consumption and economic growth in sixteen Asian countries during the 

period 1971–2002. More specifically, the study by Lee and Chang (2008) included both 

developing and advanced economies, while the present section uses more recent data (1990–

2012) and selects only developing countries to investigate the relationships between energy 

consumption and economic growth. In addition, the panel unit root results of the present 

section do not provide a uniform conclusion that the null of the unit root can be rejected for 

the levels of the dataset used.8 Taking into consideration the studies by Hamilton (1994), 

Sims (1980), and Sims et al. (1990), which recommend avoiding differencing even if the 

variables contain a unit root (Enders, 2010), the present section uses a panel VAR approach 

to the levels of the variables. Enders (2010) also indicates that, “the main argument against 

differencing is that it ‘throws away’ information concerning the co-movements in the data.” 

Second, the current section presents estimates of the IRFs, which provide measures of the 

impacts between real gross domestic product, energy use, real gross fixed capital formation, 

and total labor force. Third, the current section presents Granger causality test results for 

groups (panels) of nine countries as well as for individual countries. Finally, the panel data 

approach used in the present section provides increased power information in comparison 

with simple time series methods because the former derives information from both time and 

cross-sectional dimensions and the latter derives information only from the time dimension. 

                                                           
 

8 Details of unit root tests are in section 4.3 of this dissertation. 
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The remainder of this section is presented as follows. The literature is discussed in 

subsection 4.2.2. Subsection 4.2.3 presents the empirical model and subsection 4.2.4 presents 

the data, while subsection 4.2.5 provides the econometric methods and the empirical results. 

The conclusions are drawn in subsection 4.2.6. 

4.2.2 Literature review 

In the literature concerning energy consumption and economic growth four possible 

hypotheses have been emphasized: the growth, conservation, feedback and neutrality 

hypotheses (Ozturk, 2010). First, the growth hypothesis refers to a condition in which 

unidirectional causality runs from energy consumption to economic growth. It suggests that 

an increase in energy consumption may contribute to economic growth, while a reduction in 

energy consumption may adversely affect economic growth, indicating that the economy is 

energy dependent. The growth hypothesis also suggests that energy consumption plays an 

important role in economic growth both directly and indirectly in the production process as a 

complement to the labor force and capital formation. Second, the conservation hypothesis 

refers to a condition in which unidirectional causality runs from economic growth to energy 

consumption. It implies that policies designed to reduce energy consumption will not 

adversely affect economic growth indicating that the economy is less energy dependent 

(Masih and Masih, 1997). The conservation hypothesis is confirmed if an increase in 

economic growth causes an increase in energy consumption. Third, the feedback hypothesis 

refers to a condition in which causality runs in both directions that is from energy 

consumption to economic growth and from economic growth to energy consumption. It 

implies that energy consumption and economic growth are interconnected and may very well 

serve as complements to each other.  Finally, the neutrality hypothesis asserts a condition in 

which no causality exits in either direction between energy consumption and economic 

growth. Similar to the conservation hypothesis, the neutrality hypothesis implies that energy 
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conservation policies may be pursued without adversely affecting the country’s economy. 

The neutrality hypothesis is confirmed if an increase in economic growth does not cause an 

increase in energy consumption and vice versa. 

A wide number of studies have investigated the dynamic relationships between energy 

consumption and economic growth in a panel data approach. For example, Huang et al. 

(2008) examined the causal relationship between energy consumption and economic growth 

in 82 countries during the period from 1972 to 2002. They employed a generalized method of 

moment system (GMM-SYS) approach for the estimation of the panel VAR model in each of 

the four groups of countries (i.e., low income group, lower middle income group, upper 

middle income group, and high income group). This study discovered that: (i) the causal 

relationship between energy consumption and economic growth in the low income group 

supports the neutrality hypothesis; (ii) the causal relationship between energy consumption 

and economic growth in the lower middle income group, upper middle income group, and 

high income group is unidirectional running from economic growth to energy consumption, 

which supports the conservation hypothesis and provides validation that the aforementioned 

groups of countries’ economies are less energy dependent. Lee and Chang (2007) examined 

the relationship between energy consumption and economic growth in twenty-two developed 

and eighteen developing countries in a bivariate model. They adopted the GMM techniques 

developed by Arellano and Bond (1991) to estimate the panel VAR models. The empirical 

results of the study indicated that the causal relationship between energy consumption and 

economic growth in developed countries is bidirectional, supporting the feedback hypothesis, 

but that this relationship in developing countries is unidirectional running from economic 

growth to energy consumption, supporting the conservation hypothesis. 

Lee and Chang (2008) utilized the panel cointegration and panel-based error correction 

models to investigate the relationship between energy consumption and economic growth 
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within a multivariate framework for sixteen Asian countries. The empirical results of the 

study reported that in the short-run, there is no causal relationship between energy 

consumption and economic growth, supporting the neutrality hypothesis; however, in the 

long-run there is unidirectional causality running from energy consumption to economic 

growth, which supports the growth hypothesis. Lee (2005) estimated the causal relationship 

between energy consumption and economic growth in eighteen developing countries 

employing the panel cointegration and panel-based error correction models. The study 

reported that there is a unidirectional causality running from energy consumption to 

economic growth, supporting the growth hypothesis for both the short run and the long run. 

Narayan and Smyth (2008) investigated the relationship between energy consumption and 

economic growth in G7 countries by employing panel cointegration and Granger causality 

tests. The empirical results of the study revealed that the short-run and long-run relationships 

between energy consumption and economic growth support the growth hypothesis. Ciarreta 

and Zarraga (2008) investigated the relationship between electricity consumption and 

economic growth in twelve European Union countries. The study employed panel 

cointegration and panel causality analysis. The empirical results of the study revealed that 

there is no causal relationship between the variables in the short run, supporting the neutrality 

hypothesis; however, there in the long run there is cointegration between the variables under 

consideration. Mahadevan and Asafu-Adjaye (2007) applied the panel error correction model 

to examine the relationship between energy consumption and economic growth in twenty 

energy importing and exporting countries. The findings of the study were that there is a 

unidirectional causality running from energy consumption to economic growth for 

developing countries, supporting the growth hypothesis. In addition, the causal relationship 

between energy consumption and economic growth for developed countries is bidirectional, 

supporting the feedback hypothesis. 
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Ozturk and Uddin (2012) used the Johansen-Juselius maximum likelihood procedure to 

examine the relationship between carbon emission, energy consumption and economic 

growth for India. The empirical results supported the feedback hypothesis between energy 

consumption and economic growth indicating that the level of economic activity and energy 

consumption of India is interconnected and may very well serve as complements to each 

other.  Yildirim et al. (2014) employed both panel data and time series analysis to investigate 

the causal relationship between per capita energy consumption and per capita real GDP in 

five ASEAN countries. The empirical results of the study indicated that the Philippines, 

Indonesia, Malaysia and Thailand supported the conservation hypothesis while, Singapore 

supported the neutrality hypothesis. Apergis and Ozturk (2015) examined the presence of 

environmental kuznets curve (EKC) hypothesis in 14 Asian countries. They adopted the 

GMM technique in a multivariate panel data framework. The empirical results of the study 

supported the presence of EKC hypothesis and also revealed a unidirectional causal 

relationship running from income to emissions for the 14 Asian countries. Al-Mulali and 

Ozturk (2015) used panel cointegration and Granger causality tests to investigate the main 

events that caused the environmental degradation in Middle East and North Africn countries. 

The empirical results implied that energy consumption, urbanization, trade openness, 

industrial development and the political stability have short-run and long-run effects on the 

environmental degradation. 

Considering the literature discussed above, the present section aims to investigate the 

relationships between energy consumption and economic growth in a panel data framework 

by incorporating additional variables such as real gross fixed capital formation and the total 

labor force, in nine South and Southeast Asian countries. Furthermore, unlike many of the 

previous studies, the present section will discuss the causal relationship between energy 
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consumption and economic growth in relation to the four hypotheses emphasized in the 

energy consumption and economic growth literature. 

4.2.3 Model 

Based on the previous discussions, real gross domestic product (GDP) is expected to be 

related to energy use (ENERGY), real gross fixed capital formation (GFC) and total labor 

force (LABOR). The empirical analysis is based on panel vector autoregression (VAR) 

models, which are useful for examining the dynamics of the variables under consideration. 

As in the case of the simple VAR models, all the variables of the panel VAR are assumed to 

be endogenous and independent, but a cross-sectional element is added to the representation 

of the panel VAR. Panel VARs have been used to create average effects across 

heterogeneous panel units and to examine unit-specific differences relative to the average. 

Furthermore, panel VAR models help to study a variety of transmission issues across 

individual panel units (members) that cannot be dealt with in simple VAR models. The study 

by Canova and Ciccarelli (2013) presents a detailed review of panel VAR models. 

The panel VAR model used in the present section is based on the panel VAR approach 

developed by Canova et al. (2007) and Canova and Ciccarelli (2009) and is given as: 

   2

1 ~ 0,

1,..., 1,...,

it it it t it it iy A L Y u u

for i N t T

   

 
                                       (4.2.1) 

where  
'

' ' '

1 2, ,...t t t NtY y y y is a stacked version of ity , which is a vector of G variables for each 

unit i=1,…,N. it  is a G×1 vector of intercepts, ,it lA  are G×NG matrices for each lag l and itu  

is a G×1 vector of random disturbances. It is assumed that there are p lags for the G 

endogenous variables. Note that tY  includes variables that account for cross-sectional 

interdependencies and   0 , , .it ju u i j all t      Furthermore, model (4.2.1) exhibits 

three important characteristics: first, the coefficients of the model are allowed to vary over 
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time; second, the dynamic relationships are allowed to be unit-specific; and third, dynamic 

feedback across units is possible and this allows for cross-unit lagged interdependencies. 

Model (4.2.1) can be written in a simultaneous equation format as follows: 

 ~ 0,t t t t tY X E E N                                           (4.2.2) 

where  1 2, ,...,t t t Nt     stocks together matrix itA  and vector it  so that each it  is of 

dimension G(NGp+1)×1. Since t  varies across cross-sectional units in different time 

periods, it cannot be estimated using classical methods. It is assumed that t  can be factored 

as: 

1 2 3t t t t t                                                             (4.2.3) 

where 1 2 3, ,    are lower dimensional matrices, t  captures variations in the coefficient 

vector that are common across units and variables, t  captures unit-specific variations in the 

coefficient vector and t  captures variable-specific variations in the coefficient vector. Note 

that (4.2.3) can be written compactly as: 

 ~ 0,t t t t N V                                           (4.2.4) 

where    1 2 3, , , , ,t t t t         , V is a k×k matrix and t  evolves over time as a 

random walk as: 

1 ~ 0,t t t t N B   




 
   

 
                                   (4.2.5) 

It is assumed that    and 
2

kV I , where 2  is known. Note that B


 is a block diagonal 

matrix. Factorization (4.2.3) transforms an overparameterized panel VAR into a 

parsimonious SUR model, with the regressors as the averages of the right-hand side variables 

of the VAR model. Substituting (4.2.4) into (4.2.2), the estimated empirical model has the 

following state space structure: 
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1

t t t t

t t t

Y X v

  

  

 
                                                            (4.2.6) 

where   2 '~ 0, 1t t t tv X X     . Model (4.2.6) can be estimated with both classical and 

Bayesian methods. The latter approach is employed in the present section because it provides 

more accurate estimates given the relatively small N in the case of the present section (Rezitis 

and Ahammad, 2015c). Note that the estimations are done utilizing RATS 8.2 econometric 

software and procedures based on the work by Doan (2012). 

4.2.4 Data 

The data used in this section consist of annual observations from 1990 to 2012. The data 

were obtained from the World Bank Development Indicators 

(http://data.worldbank.org/indicator, accessed in October 2014) for nine South and Southeast 

Asian countries i.e., Bangladesh, Brunei Darussalam, India, Indonesia, Malaysia, Pakistan, 

the Philippines, Sri Lanka and Thailand. The remaining countries were omitted due to the 

unavailability of data for all the variables (i.e. data from 1990 to 2012) and being classified 

by the IMF as advanced economies (IMF, 2011). The multivariate panel data approach 

includes the natural logarithm of the real gross domestic product (lnGDP) in constant 2005 

U.S. dollars, energy uses (lnENERGY) in kilowatts per oil equivalent, real gross fixed capital 

formation (lnGFC) in constant 2005 U.S. dollars and the total labor force (lnLABOR). 

4.2.5 Methods and findings 

4.2.5.1 Univariate autoregression and findings 

First, the univariate autoregression case is considered, where ity  corresponds to the real 

gross domestic product (GDP) of i. In other words, G=1. For instance, in the case of GDP, 

model (4.2.1) becomes: 

http://data.worldbank.org/indicator
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1,...,9; 1990 to 2012 

p

it i li i t l it

l

GDP GDP u

for i t

  



  

 

                                       (4.2.7) 

Note that similar models to (4.2.7) are developed for the rest of the variables (ENERGY, GFC 

and LABOR).  The Hannan-Quinn criterion (HQ) proposed by Hannan and Quinn (1979) and 

Schwarz Bayesian Criterion (SBC) proposed by Schwarz (1978) support two lags for the 

univariate autoregression models.  The estimation of the aforementioned models is based on 

the shrinkage estimators for univariate autoregression presented by Doan (2012). This 

approach is based upon the literature on Bayesian VAR’s using a prior (Minnesota prior) on 

the difference between i  and the common   (pooled estimate). One of the advantages of 

the Bayesian panel VAR approach used in the present section is that it is more feasible 

compared to classical panel VAR approaches in the case of small N. In the univariate 

autoregression case, the lag coefficients are independent of the scale of the variable; for this 

reason, the univariate autoregression model is relatively easy to estimate. It also provides 

univariate impulse response functions (IRFs), which show the responses to unit shocks to the 

(Gibbs) mean estimates for each variable. 

4.2.5.1.1 Univariate impulse response functions (IRFs) 

Figures 4.2.1 – 4.2.4 provide the IRFs obtained from the estimation of univariate 

autoregression models, such as model (4.2.7). Figures 4.2.1 – 4.2.4 correspond to the GDP, 

ENERGY, GFC, and LABOR, respectively. Specifically: 

Real gross domestic product (GDP) 

Figure 4.2.1 shows the IRFs of the GDP of nine South and Southeast Asian countries and 

indicates that in the 12 years from the initial shock, the highest GDP response is attributed to 

the Philippines with about 152%, followed by Sri Lanka with about 136%, Bangladesh with 

about 133%, and India with about 125%. Furthermore, these highest responses also show the 

greatest persistence, with an upward tendency in the long run. They are followed by 
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Indonesia with about 108%, Pakistan with about 103%, Malaysia with about 70%, and 

Thailand with about 67%, which is retained 12 years after the initial shock. 

 
Figure 4.2.1: Univariate IRFs comparison of the GDP of nine South and Southeast Asian 

countries 
 

Energy use (ENERGY) 

Figure 4.2.2 shows the IRFs of the ENERGY of nine South and Southeast Asian countries 

and indicates that, after the initial shock, the greatest response by each country is attributed to 

its own initial shock. Furthermore, the greatest persistence is shown by India followed by 

Bangladesh, Sri Lanka, Brunei Darussalam, Thailand, Malaysia, Indonesia, and Pakistan, 

which retained 12 years after the initial shock about 97%, 73%, 57%, 52%, 48%, 47%, 46%, 

and 45% of the initial response, respectively 

 

Figure 4.2.2: Univariate IRFs comparison of the ENERGY of nine South and Southeast 

Asian countries 
 

Real gross fixed capital formation (GFC) 

Figure 4.2.3 shows the IRFs of the GFC of nine South and Southeast Asian countries and 

indicates that in the second year after the initial shock most of the countries showed their 
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highest level of response, except for Bangladesh, Sri Lanka, and India. The highest response 

is Bangladesh’s with about 122% in the third year, which is followed by Sri Lanka with about 

117% in the fourth year and India with about 116% in the eleventh year. Furthermore, the 

greatest persistence is shown in India, followed by Sri Lanka, Bangladesh, the Philippines, 

Indonesia, and Pakistan, which retained 12 years after the initial shock about 116%, 115%, 

113%, 53%, 37%, and 18% of the initial response, respectively. 

 
Figure 4.2.3: Univariate IRFs comparison of the GFC of nine South and Southeast Asian 

countries 
 

Total labor force (LABOR) 

Figure 4.2.4 shows the IRFs of the LABOR of nine South and Southeast Asian countries 

and indicates that in the three years from the initial shock, the highest level of response is 

attributed to Brunei Darussalam with about 148%, followed by Bangladesh with about 146%, 

Pakistan with about 146% Thailand with about 144%, India with about 140%, Malaysia with 

about 138%, the Philippines with about 132%, Indonesia with about 130%, and Sri Lanka 

with about 124%. Furthermore, the greatest persistence of the total labor force change is 

shown by Pakistan, followed by Bangladesh, Thailand, Malaysia, Brunei Darussalam, the 

Philippines, India and Indonesia, which retained 12 years after the initial shock about 146%, 

141%, 133%, 113%, 104%, 109%, 96%, and 87% of the initial response, respectively. 
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Figure 4.2.4: Univariate IRFs comparison of the LABOR of nine South and Southeast Asian 

countries 
 

4.2.5.2 Full panel VAR and findings 

In the case of the full panel VAR, the same aforementioned nine South and Southeast 

Asian countries are considered but in this case G=4 (GDP, ENERGY, GFC and LABOR). 

Thus, for example, model (4.2.7) becomes as follows: 
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The empirical results of the present paper were obtained based on the ordering of 

variables presented in models (4.2.8.1 – 4.2.8.4). Two numbers of lags are selected based on 

the Hannan-Quinn information criterion (HQ) and the Schwarz Bayesian Criterion (SBC). 

The estimation of models (4.2.8.1 – 4.2.8.4) is based on the shrinkage estimators of the full 

panel VARs presented by Doan (2012). In this case, as opposed to the univariate 

autoregression, the coefficients are scale-dependent. Again, the Minnesota prior is used and it 

starts with an ordinary least square (OLS) univariate autoregression on each of the dependent 

variables in order to adjust the scale. The IRFs are created by generating unit shocks to all the 

variables. Figure 4.2.5 presents the IRFs corresponding to the four variables (GDP, ENERGY, 

GFC and LABOR). The variable shocked is presented in the column, while the target variable 

is in the row. 

Table 4.2.1 presents panel Granger causality tests between each variable (GDP, 

ENERGY, GFC, and LABOR) for full panel and individual unit. The aforementioned Granger 

causality test results are obtained following Doan (2012). The null hypothesis is that there is 

no Granger causality in an individual member of the panel, while the alternative is that there 

is Granger causality in at least one. In the case of model (4.2.8.1), the null hypothesis that 

energy use (ENERGY) Granger cause real gross domestic product (GDP) could be described 

by the following joint test: 012 li  for all i=1,…,9. Meanwhile, the alternative hypothesis 

holds when at least one of the li12  for i=1,…,9 is different from zero. Rejection of the null 

of non-causality means that causality is found in some (though not necessarily all) of the 

individual members of the panel. For this reason, it is worth displaying the results of both the 

joint test and the individual tests. Furthermore, it is possible for all the individual tests to be 

insignificant at conventional significance levels while the joint test is strongly significant. 

According to Doan (2012), this is not unexpected, since the joint test is based on the whole 
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panel and thus provides more and better information than the individual tests, which are 

based on individual members (samples) of the panel. 

4.2.5.2.1 Panel multivariate impulse response functions (IRFs) 

Figure 4.2.5 shows the IRFs for the four variables of real gross domestic product (GDP), 

energy use (ENERGY), real gross fixed capital formation (GFC), and total labor force 

(LABOR) for the nine South and Southeast Asian countries. The greatest response shown by 

each variable is attributed to its own shock. These results are in accordance with those 

obtained in the univariate autoregression case (model 4.2.7). 

 
Note: GDP is real gross domestic product, ENERGY is energy use, GFC is real gross fixed capital 

formation and LABOR is total labor force 

 

Figure 4.2.5: Full VAR-IRFs comparison of nine South and Southeast Asian countries 

 

The first row of Figure 4.2.5 shows the impulse responses of the variables to a one-unit 

shock in the real gross domestic product (GDP). From the graph, it is apparent that a one-unit 

shock in the GDP positively affects the remaining variables (i.e., ENERGY, GFC, and 

LABOR) for all countries. Specifically, the greatest persistence of the one-unit shock in GDP 

is shown by energy use (ENERGY) and the total labor force (LABOR), while shock in real 

gross fixed capital formation (GFC) shows comparatively less persistence. 
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The second row of Figure 4.2.5 shows the impulse responses of the variables to a one-unit 

shock in ENERGY. From the graph, it is evident that a one-unit shock in ENERGY negatively 

affects GDP and GFC, but it positively affects LABOR at the initial stage for all countries. 

Furthermore, GDP and GFC show positive effects after about six years from the initial shock. 

The greatest persistence of the one-unit shock in ENERGY is attributed to LABOR. 

The third row of Figure 4.2.5 shows the impulse responses of the variables to a one-unit 

shock in GFC. The graph indicates that a one-unit shock in GFC negatively affects GDP, 

ENERGY, and LABOR for all countries. These effects remain negative for a long time. The 

greatest persistence of the one-unit shock in GFC is attributed to GDP and LABOR. 

The fourth row of Figure 4.2.5 shows the impulse responses of the variables to a one-unit 

shock in LABOR. The graph shows that a one-unit shock in LABOR positively affects GDP 

and ENERGY and negatively affects GFC for all countries. Later on, GFC starts to increase, 

and within about three years from the initial shock it shows a positive response. The greatest 

persistence of the one-unit shock in LABOR is attributed to ENERGY. 

4.2.5.2.2 Panel and individual Granger causality tests 

Table 4.2.1 presents the results from the panel Granger causality tests which were 

estimated using a panel data method. Table 4.2.1 also presents the individual Granger 

causality tests corresponding to each country. This is because rejection of the null hypothesis 

of non-causality indicates that causality is present in at least some of the individual members 

of the panel; thus, it is necessary to display the results of the joint (panel) Granger causality 

test as well as the individual Granger causality tests. Note that it is possible for all the 

individual Granger causality tests to be statistically insignificant while the joint Granger 

causality test is statistically significant. This is because the joint test gives more and better 

information than the individual tests, which are based on the individual samples, since the 

joint test is based on the whole sample. 
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Table 4.2.1: Panel and individual Granger causality test results of nine South and Southeast 

Asian countries 

Dependent 
variable 

Sources of causation (independent variables) 
lnGDP lnENERGY lnGFC lnLABOR 

Full panel 

(4.2.8.1) lnGDP 
 

- 51.715***  (0.00) 
← 

20.882 (0.29) 
▬ 

69.576*** (0.00) 
← 

(4.2.8.2) 
lnENERGY 
 

 38.720*** (0.00) 
← 

- 41.862*** (0.00)   
← 

47.031*** (0.00) 
← 

(4.2.8.3) lnGFC 
 

36.792*** (0.01) 
← 

30.611** (0.03) 
← 

- 42.647*** 
(0.00) 
← 

(4.2.8.4) 
lnLABOR 
 

50.812*** (0.00) 
← 

31.010** (0.03) 
← 

75.339*** (0.00) 
← 

- 

Bangladesh 

(4.2.8.1) lnGDP 
 

- 7.496** (0.02) 
← 

0.344(0.84) 
▬ 

2.628(0.27) 
▬ 

(4.2.8.2) 
lnENERGY 
 

3.571(0.17) 
▬ 

- 6.561**(0.04) 
← 

16.633***(0.00) 
← 

(4.2.8.3) lnGFC 
 

2.309(0.32) 
▬ 

0.359(0.84) 
▬ 

- 6.113**(0.05)  
← 

(4.2.8.4) 
lnLABOR 
 

1.851(0.39) 
▬ 

3.707(0.16) 
▬ 

1.852(0.39) 
▬ 

- 

Brunei Darussalam 

(4.2.8.1) lnGDP 
 

-  9.871**(0.01) 
← 

0.609(0.74) 
▬ 

19.425***(0.00) 
← 

(4.2.8.2) 
lnENERGY 
 

1.462(0.48) 
▬ 

- 3.096(0.21) 
▬ 

2.524(0.28) 
▬ 

(4.2.8.3) lnGFC 
 

1.330(0.51) 
▬ 

4.720*(0.09) 
← 

- 3.978(0.14) 
▬ 

(4.2.8.4) 
lnLABOR 
 

1.048(0.59) 
▬ 

3.014(0.22) 
▬ 

17.395***(0.00) 
← 

- 

India 

(4.2.8.1) lnGDP 
 

- 9.270**(0.01) 
← 

6.347**(0.04) 
← 

12.869***(0.00) 
← 

(4.2.8.2) 
lnENERGY 
 

1.401(.049) 
▬ 

- 2.801(0.25)  
▬ 

8.582***(0.01) 
← 

(4.2.8.3) lnGFC 
 

0.443(0.80) 
▬ 

0.082(0.96) 
▬ 

- 2.069(0.36) 
▬ 

(4.2.8.4) 
lnLABOR 
 

6.965**(0.03) 
← 

2.085(0.35) 
▬ 

13.218***(0.00) 
← 

- 

(Contd) 
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Table 4.2.1: (Continued….) 

Dependent 
variable 

Sources of causation (independent variables) 
lnGDP lnENERGY lnGFC lnLABOR 

Indonesia 

(4.2.8.1) lnGDP 
 

- 0.916(0.63) 
▬ 

4.000(0.14) 
▬ 

4.764*(0.09) 
← 

(4.2.8.2) 
lnENERGY 
 

2.465(0.29) 
▬ 

- 1.607(0.45) 
▬ 

4.994*(0.08) 
← 

(4.2.8.3) lnGFC 
 

7.500**(0.02) 
← 

1.355(0.51) 
▬ 

- 12.762***(0.00) 
← 

(4.2.8.4) 
lnLABOR 
 

12.148***(0.00) 
← 

0.346(0.84) 
▬ 

10.380***(0.01) 
← 

- 

Malaysia 

(4.2.8.1) lnGDP 
 

-  16.571***(0.00) 
← 

1.081(0.58) 
▬ 

8.816***(0.01) 
← 

(4.2.8.2) 
lnENERGY 
 

8.280**(0.02) 
← 

- 4.277(0.12)  
▬ 

5.437*(0.07) 
← 

(4.2.8.3) lnGFC 
 

4.697*(0.09) 
← 

17.473***(0.00)  
← 

- 2.761(0.25) 
▬ 

(4.2.8.4) 
lnLABOR 
 

15.035***(0.00) 
← 

13.241***(0.00) 
← 

11.906***(0.00) 
← 

- 

Pakistan 

(4.2.8.1) lnGDP 
 

- 0.100(0.95) 
▬ 

0.474(0.79) 
▬ 

1.248(0.54) 
▬ 

(4.2.8.2) 
lnENERGY 
 

2.474(0.29) 
▬ 

- 1.161(0.56) 
▬ 

2.110(0.35) 
▬ 

(4.2.8.3) lnGFC 
 

11.110***(0.00) 
← 

1.552(0.46) 
▬ 

- 3.908(0.14) 
▬ 

(4.2.8.4) 
lnLABOR 
 

3.374(0.19) 
▬ 

1.768(0.41) 
▬ 

5.761*(0.06) 
← 

- 

Philippines 

(4.2.8.1) lnGDP 
 

- 6.722**(0.03) 
← 

0.321(0.85) 
▬ 

7.252**(0.03) 
← 

(4.2.8.2) 
lnENERGY 
 

5.388*(0.07) 
← 

- 9.763***(0.01) 
← 

0.433(0.81) 
▬ 

(4.2.8.3) lnGFC 
 

0.085(0.96) 
▬ 

3.512(0.17) 
▬ 

- 1.430(0.49) 
▬ 

(4.2.8.4) 
lnLABOR 
 

7.382**(0.02) 
← 

3.190(0.20) 
▬ 

5.441*(0.07) 
← 

- 

(Contd) 
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Table 4.2.1: (Continued….) 

Dependent 
variable 

Sources of causation (independent variables) 
lnGDP lnENERGY lnGFC lnLABOR 

Sri Lanka 

(4.2.8.1) lnGDP 
 

- 0.551(0.76) 
▬ 

1.251(0.53) 
▬ 

2.720(0.26) 
▬ 

(4.2.8.2) 
lnENERGY 
 

9.542**(0.01) 
← 

- 6.190**(0.05)    
← 

4.642*(0.09) 
← 

(4.2.8.3) lnGFC 
 

8.260**(0.02) 
← 

0.866(0.65) 
▬ 

- 1.216(0.54) 
▬ 

(4.2.8.4) 
lnLABOR 
 

2.423(0.29) 
▬ 

1.792(0.41) 
▬ 

2.751(0.25) 
▬ 

- 

Thailand 

(4.2.8.1) lnGDP 
 

- 0.218***(0.00) 
← 

6.455**(0.04)  
← 

9.853***(0.00) 
← 

(4.2.8.2) 
lnENERGY 
 

4.138(0.13) 
▬ 

- 6.405**(0.04)     
← 

1.675(0.43) 
▬ 

(4.2.8.3) lnGFC 
 

1.058(0.59) 
▬ 

0.691(0.71) 
▬ 

- 8.411***(0.01) 
← 

(4.2.8.4) 
lnLABOR 
 

0.586(0.75) 
▬ 

1.866(0.39) 
▬ 

6.634**(0.04) 
← 

- 

Notes: F-statistics are reported while numbers in parentheses are p-values. ***, **, * indicate statistical 

significance at 1%, 5% and 10% levels of significance, respectively. The symbol ← indicates the presence of 

Granger causality, while ▬ indicate that Granger causality does not exist. 

 

With regard to the full panel, Eq. (4.2.8.1) of Table 4.2.1 shows that energy use 

(ENERGY) and total labor force (LABOR) Granger cause real gross domestic product (GDP), 

while real gross fixed capital formation (GFC) does not Granger cause real gross domestic 

product. It means that ENERGY and LABOR have a predictive power to forecast the GDP 

whereas GFC does not have predictive power to forecast the GDP. The results of Eq. 

(4.2.8.2) show that GDP, GFC, and LABOR Granger cause ENERGY, meaning that GDP, 

GFC, and LABOR play a role in forecasting the ENERGY. Similarly, the results of Eq. 

(4.2.8.3) indicate that GDP, ENERGY, and LABOR Granger cause GFC, meaning that GDP, 

ENERGY, and LABOR have a predictive power to forecast the GFC. Furthermore, Eq. 

(4.2.8.4) provides information that GDP, ENERGY, and GFC have a predictive power to 

forecast the LABOR. Thus, the Granger causality results reported in Table 4.2.1 indicate 
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bidirectional causality between energy consumption and economic growth in the nine South 

and Southeast Asian countries. This implies that energy consumption and economic growth 

are interconnected and may very well serve as complements to each other, which also 

supports the feedback hypothesis indicating that the nine South and Southeast Asian 

countries’ economies are energy dependent, which in turn suggests that the policy regarding 

energy conservation should be considered carefully. This finding is also supported by the 

results of the studies of Chen et al. (2007), Lee and Chang (2007), Lee et al. (2008), 

Mahadevan and Asafu-Adjaye (2007), Nondo et al. (2010) and Ozturk et al. (2010). The 

majority of the individual Granger causality results reported in Table 4.2.1 (six out of nine) 

show that the individual countries support the findings obtained from the full panel, 

indicating that these economies are energy dependent. In particular, there is a unidirectional 

causality running from energy consumption to economic growth in Bangladesh, Brunei 

Darussalam, India, and Thailand. This is referred to as the growth hypothesis, which suggests 

that an increase in energy consumption may contribute to economic growth, while a reduction 

in energy consumption may adversely affect economic growth; thus, it indicates that the 

aforementioned countries’ economies are energy dependent. 

The causality relationships between energy consumption and economic growth in Sri 

Lanka support the conservation hypothesis. The conservation hypothesis refers to a condition 

in which the unidirectional causality runs from economic growth to energy consumption. It 

implies that policies designed to reduce energy consumption in Sri Lanka might not adversely 

affect economic growth, indicating that Sri Lanka’s economy is less energy dependent. The 

causality relationships between energy consumption and economic growth in Malaysia and 

the Philippines support the feedback hypothesis. The feedback hypothesis refers to a 

condition where causality runs in both directions; that is, from energy consumption to 

economic growth, and from economic growth to energy consumption. This hypothesis 
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implies that the energy consumption and economic growth of these two countries are 

interconnected and may very well serve to complement to each other. The causality 

relationships between energy consumption and economic growth in Indonesia and Pakistan 

support the neutrality hypothesis. This implies that the energy conservation policies of 

Indonesia and Pakistan may be pursued without adversely affecting these two countries’ 

economies. 

4.2.6 Conclusions 

This section investigates the relationship between energy consumption and economic 

growth in nine South and Southeast Asian countries using the panel data approach. In 

bivariate analysis, a common problem that might occur is the omitted variable bias 

(Lütkepohl, 1982). To avoid this problem, the present section evaluates the relationship 

between energy consumption and economic growth within a multivariate panel data 

framework by including real gross fixed capital formation and the total labor force. The 

present section undertakes the panel VAR method to investigate the dynamic relationship 

between energy consumption and economic growth. In particular, this section uses panel 

VAR models to obtain univariate impulse response functions, full VAR impulse response 

functions (i.e. multivariate impulse responses), and panel as well as individual Granger 

causality tests between the variables under consideration. 

The univariate impulse response functions provide information about the response and 

persistence of variables (i.e., GDP, ENERGY, GFC, and LABOR) following unit shocks to the 

mean estimates of each variable under consideration. The multivariate impulse responses are 

obtained by creating unit shocks to all the variables under consideration (i.e., GDP, ENERGY, 

GFC, and LABOR). In general, the empirical results of the panel VAR multivariate impulse 

responses indicate that: (i) the greatest response of each variable is attributable to itself; (ii) 

the responses of all variables to a one-unit shock in GDP are positive, while the responses of 
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all variables to a one-unit shock in GFC are negative; (iii) the responses of GDP and GFC are 

negative, while the response of LABOR is positive to a one-unit shock in ENERGY; (iv) the 

responses of GDP and ENERGY are positive while the response of GFC is negative to a one-

unit shock in LABOR. The panel Granger causality results indicate bidirectional causality 

between energy consumption and economic growth in nine South and Southeast Asian 

countries. These causality relationships imply that energy consumption and economic growth 

are interconnected and may very well complement each other, which also support the 

feedback hypothesis. The majority of the Granger causality results for the individual 

countries support the findings obtained from the full panel, which is that economies are 

energy dependent. In particular, the causal relationship between energy consumption and 

economic growth in Bangladesh, Brunei Darussalam, India, and Thailand support the growth 

hypothesis. Malaysia and the Philippines support the feedback hypothesis. Sri Lanka supports 

conservation hypothesis, and a neutrality hypothesis is present in the cases of Indonesia and 

Pakistan. Thus, it might be concluded that the economies of Bangladesh, Brunei Darussalam, 

India, Malaysia, the Philippines, and Thailand are energy dependent, which indicates that the 

energy conservation policies of these countries may adversely affect the growth of their 

economies. The economies of Indonesia, Pakistan, and Sri Lanka are less energy dependent, 

indicating that energy conservation policies may be pursued without adversely affecting these 

countries’ economies. However, the conclusion based on individual country specific Granger 

causality results differ from the panel Granger causality results, which suggest that the 

economies of the nine South and Southeast Asian countries under consideration are energy 

dependent. This is not surprising because the use of short spans of time series data and 

country specific characteristics may yield diverse results for individual countries (Lee, 2005; 

Chen et al., 2007). But as neighboring countries, these nine South and Southeast Asian 
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countries’ economy might have interrelations between each other. So, it might be said that, as 

a group, the nine South and Southeast Asian countries’ economies are energy dependent. 

Finally, the empirical results of the present section might give policymakers a better 

understanding of the relationship between energy consumption and economic growth to 

formulate energy policies in the nine South and Southeast Asian countries. The investigation 

of the dynamic relationship between energy consumption and economic growth has important 

policy implications. With regard to the full panel, the dynamic relationships between energy 

consumption and economic growth of the present section clearly indicate that energy 

consumption has a significant impact on economic growth. This means that continuous 

energy consumption may contribute to a continuous increase in economic growth and a 

continuous reduction in energy consumption may compromise economic growth, indicating 

that economic growth is fundamentally motivated by energy consumption. However, the 

excessive consumption of energy may create long-run environmental consequences. 

Furthermore, the dynamic relationships between energy consumption and the economic 

growth of individual countries show that the results for majority of countries support the full 

panel results. However, to avoid negative shocks to economic development in the nine South 

and Southeast Asian countries, policymakers should formulate well planned short-term and 

long-term energy policies taking into consideration the country-specific links between energy 

consumption and economic growth, as well as the possible long-term environmental impacts. 
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SECTION–4.3 

Energy consumption and economic growth in South and Southeast Asian countries: 

Evidence from a dynamic panel data approach 

 

4.3.1 Introduction 

The objective of this section is to examine the extent to which energy consumption is 

related to the economic growth in nine south and south-east Asian countries. More 

specifically, the short-run and long-run relationships between energy consumption and the 

economic growth of the aforementioned countries are investigated. The identification of the 

relationship between energy consumption and economic growth plays an important role for 

energy conservation policies. Different outcomes have been emphasized from the empirical 

studies on energy consumption and economic growth. First, the economy is considered 

energy dependent if energy consumption leads economic growth, implying that energy is a 

stimulus for economic growth. As a result, energy conservation policies might affect 

economic development. Second, the economy is considered less energy dependent if 

economic growth leads energy consumption or there is no relationship between energy 

consumption and economic growth, indicating that energy is not a stimulus for economic 

growth. As a result, energy conservation policies may be implemented with few or no adverse 

effects on economic development. Based on the outcomes discussed above, the present 

section intends to identify the links between energy consumption and economic growth to 

provide policy implications for the nine aforementioned South and Southeast Asian countries. 

The present section is based on an aggregate production function and employs a 

multivariate panel data framework with the real gross domestic product (GDP), energy use 

(ENERGY), real gross fixed capital formation (GFC) and the total labor force (LABOR) to 

capture the short- and long-run relationships between the series under consideration. In 

particular, the panel cointegration analysis investigates the long-run relationship between the 
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four series. The panel vector error correction model (VECM) captures the short- and long-run 

direction of the relationships between energy consumption and economic growth. The panel 

impulse response functions (IRFs) examine the effect of responses between the series under 

consideration. The empirical results indicate that significant short- and long-run relations 

exist between real gross domestic product, energy use, real gross fixed capital formation and 

total labor force, allowing for the formulation of suggestions for policy makers. It is worth 

mentioning that some studies (Al-Iriani, 2006; Chen et al., 2007; Lee and Chang, 2007; 

Mehrara, 2007; Nondo et al., 2010; Ozturk et al., 2010) have investigated the relationship 

between energy consumption and economic growth by using a bivariate model between 

energy consumption and economic growth, instead of a multivariate approach incorporating 

additional variables into the analysis, as in the present section. However, in the case of 

bivariate analysis, there is the possibility of omitted variable bias, as Lütkepohl (1982) 

indicated. 

This section contributes to the related literature in several ways. First, it might be the first 

study to use the panel data approach to examine the growth dynamics and causality and 

provide IRFs between energy consumption and economic growth in nine emerging and 

developing South and Southeast Asian countries. Among the previous studies, the study by 

Lee and Chang (2008) conducted a panel cointegration and panel vector error correction 

model to examine the relationship between energy consumption and economic growth in 

sixteen Asian countries during the 1971–2002 period. More specifically, the study by Lee and 

Chang (2008) included developing and advanced economies, while the present section uses 

more recent data (1990 to 2012) and selects only developing countries to investigate the 

relationships between energy consumption and economic growth. In addition, Lee and Chang 

(2008) did not provide IRFs to measure the effects of impulse responses between the 

variables under consideration. However, the current section presents estimates of the IRFs, 
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which provide measures of the impacts between real gross domestic product, energy use, real 

gross fixed capital formation and total labor force. Finally, the panel data approaches used in 

the present section provide increased power information in comparison with the simple time 

series methods because the former derive information from both time and cross-sectional 

dimensions and the latter derive information only from the time dimension. 

The remainder of this section is presented as follows. The literature is discussed in 

subsection 4.3.2. Subsection 4.3.3 presents a detailed outline of the methodology and data in 

subsection 4.3.4. Subsection 4.3.5 reports the empirical results and discussion. Subsection 

4.3.6 offers the conclusions of the section. 

4.3.2 Literature review 

In the literature concerning energy consumption and economic growth, four possible 

hypotheses have been emphasized: the growth, conservation, feedback and neutrality 

hypotheses (Ozturk, 2010). First, the growth hypothesis refers to a condition in which 

unidirectional causality runs from energy consumption to economic growth. It suggests that 

an increase in energy consumption may contribute to economic growth, while a reduction in 

energy consumption may adversely affect economic growth, indicating that the economy is 

energy dependent. The growth hypothesis also suggests that energy consumption plays an 

important role in economic growth both directly and indirectly in the production process as a 

complement to the labor force and capital formation. Second, the conservation hypothesis 

refers to a condition in which unidirectional causality runs from economic growth to energy 

consumption. It implies that policies designed to reduce energy consumption will not 

adversely affect economic growth, indicating that the economy is less energy dependent 

(Masih and Masih, 1997). The conservation hypothesis is confirmed if an increase in 

economic growth causes an increase in energy consumption. Third, the feedback hypothesis 
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refers to a condition in which causality runs in both directions, that is, from energy 

consumption to economic growth and from economic growth to energy consumption. It 

implies that energy consumption and economic growth are interconnected and may very well 

serve as complements to each other. Finally, the neutrality hypothesis asserts a condition in 

which no causality exits in either direction between energy consumption and economic 

growth. Similar to the conservation hypothesis, the neutrality hypothesis implies that energy 

conservation policies may be pursued without adversely affecting the country’s economy. 

The neutrality hypothesis is confirmed if an increase in economic growth does not cause an 

increase in energy consumption and vice versa. 

Previous studies relating to the relationship between energy consumption and economic 

growth pertaining to South and Southeast Asian countries are limited. Among the studies, 

Chen et al. (2007) and Lee and Chang (2008) employed a panel data approach in a multi-

country study. Table 4.3.1 presents some of the most recent research that studied energy 

consumption and economic growth using the panel data approach. The literature review 

presented in Table 4.3.1 examined the relationship between energy consumption and 

economic growth from two perspectives: the energy demand function (demand side) and the 

aggregate production function (production side). All of the studies in Table 4.3.1 primarily 

focused on the aggregate production function (production side) with the exception of Mehrara 

(2007), Huang et al. (2008), Apergis and Payne (2009c) and Apergis and Payne (2010). 

Mehrara (2007) primarily focused on the energy demand function (demand side). However, 

Apergis and Payne (2009c, 2010) examined the relationship between energy consumption 

and economic growth, primarily focusing on the carbon dioxide emissions. 
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Table 4.3.1: Summary of empirical studies on energy consumption and economic growth in panel data approach 

Authors Period Countries Methodology Causality relationship 

Lee (2005) 1975–2001 18 developing countries Panel VECM EC → GDP (in the short- and long-run) 

Al-Iriani (2006) 1970–2002 6 Gulf Cooperation 

Council countries 

Panel co-integration, 

GMM 

GDP → EC 

Mehrara (2007) 1971–2002 11 Oil Exporting countries  Panel co-integration GDP → EC (in the short- and long-run) 

Lee and Chang (2007) 1965–2002 

1971–2002 

22 Developed countries, 

18 Developing countries 

Panel VARs and GMM GDP → EC (developing countries) 

EC ↔ GDP (developed countries) 

Mahadevan and 

Asafu- Adjaye (2007) 

1971–2002 20 Energy importers and 

exporters 

Panel error correction 

model 

EC ↔ GDP (developed countries)  

EC → GDP (in the short-run for developing 

countries) 

Chen et al. (2007) 1971–2001 10 Asian countries Panel co- integration, 

ECM, Panel causality 

test 

ELC ↔ GDP (for all countries)  

ELC ▬  GDP (China, Taiwan, Thailand)  

GDP → ELC (India, Malaysia, Korea, 

Philippines, Singapore)  

ELC → GDP (Hong Kong, Indonesia) 

Lee et al. (2008) 1960–2001 22 OECD countries Panel co-integration, 

Panel VEC model 

EC ↔ GDP (in the short- and long-run) 

Huang et al. (2008) 1972–2002 82 Low, middle and high 

income countries 

Panel VAR, GMM 

model 

GDP → EC (middle and high income 

countries)  

EC ▬ GDP (low income countries) 

Narayan and Smyth 

(2008) 

1972–2002 G-7 countries Panel co-integration, 

Granger causality 

EC → GDP (in the short- and long-run) 

Lee and Chang(2008) 1971–2002 16 Asian countries Panel co-integration 

and Panel ECM 

EC → GDP (in the long-run)  

EC ▬ GDP (in the short-run) 

Ciarreta and Zarraga 

(2008) 

1970–2004 12 European countries  Panel co-integration, 

GMM, Panel causality 

ELC → GDP (in the long-run)  

ELC ▬ GDP (in the short-run) 

(Contd) 
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Table 4.3.1: (Continued….) 

Authors Period Countries Methodology Causality relationship 

Apergis and Payne 

(2009a) 

1980–2004 6 Central American 

countries 

Panel co-integration, 

error correction model 

EC → GDP (in the short- and long-run) 

Apergis and Payne 

(2009b) 

1991–2005 11 Commonwealth of 

Independent States (CIS) 

countries 

Panel co-integration, 

Error correction model 

EC ↔ GDP (in the long-run)  

EC → GDP (in the short-run 

Apergis and Payne 

(2009c) 

1971–2004 6 Central American 

countries 

Panel vector error 

correction model 

EC ↔ GDP (in the short-run) 

Ozturk et al. (2010) 1971–2005 51 Low and middle 

income countries  

Panel vector error 

correction model 

GDP → EC (low income countries) 

EC ↔ GDP (middle income countries) 

Apergis and Payne 

(2010) 

1992–2004 11 Commonwealth of 

Independent States (CIS) 

countries 

Panel co-integration, 

Error correction model 

EC ↔ GDP (in the short-run) 

GDP → EC (in the long-run) 

Nondo et al. (2010) 1980–2005 19 African countries Panel co-integration, 

Granger causality 

EC ▬ GDP (in the short-run) 

EC ↔ GDP (in the long-run) 
Note: EC (ELC) → GDP means that the causality running from energy (electricity) consumption to economic growth. GDP → EC (ELC) means that the causality running 

from economic growth to energy (electricity) consumption. EC (ELC) ↔ GDP means that bi-directional causality exists between energy (electricity) consumption and 

economic growth. EC (ELC) ▬ GDP means that no causality exists between energy (electricity) consumption and economic growth. 
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Meanwhile, Huang et al. (2008) considered five variables – energy consumption, real 

gross domestic product, capital formation, labor force and consumer price index (CPI) – in 

estimating the relationship between energy consumption and economic growth. Lee and 

Chang (2008) and Apergis and Payne (2009a, 2009b) used four variables (i.e. energy 

consumption, real gross domestic product, labor force and capital formation) in their studies. 

However, Apergis and Payne (2009c, 2010) incorporated carbon dioxide, energy 

consumption, the real gross domestic product and the square of the real gross domestic 

product into their studies to examine the relationship between energy consumption and 

economic growth. In addition, Lee (2005), Ciarreta and Zarraga (2008), Lee et al. (2008) and 

Narayan and Smyth (2008) preferred to use a trivariate framework with energy consumption, 

the real gross domestic product and capital formation, while Mahadevan and Asafu-Adjaye 

(2007) used the consumer price index instead of capital formation in the trivariate framework. 

Furthermore, Al-Iriani (2006), Chen et al. (2007), Lee and Chang (2007), Mehrara (2007), 

Nondo et al. (2010) and Ozturk et al. (2010) considered a bivariate framework with energy 

consumption and the real gross domestic product to evaluate the relationship between energy 

consumption and economic growth. 

Considering the literature discussed above, the present section aims to investigate the 

relationships between energy consumption and economic growth in a panel data framework 

by incorporating additional variables, such as real gross fixed capital formation and the total 

labor force, in nine South and Southeast Asian countries. Furthermore, unlike many of the 

previous studies, the present section will discuss the causal relationship between energy 

consumption and economic growth in relation to the four hypotheses emphasized in the 

energy consumption and economic growth literature. 
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4.3.3 Methodology 

The empirical methods used in this section include, first, panel unit root tests (i.e. Harris 

and Tzavalis, 1999; Im et al., 2003; Levin et al., 2002; Breitung, 2000) to provide 

information about the stationarity properties of the variables under consideration. Second, 

panel cointegration tests (i.e. Pedroni 1999) are performed to ascertain the presence of 

cointegration. Third, the estimation of long-run cointegration parameters is carried out based 

on the studies by Pedroni (2001, 2004). Finally, a panel vector error correction model is used 

to test the short- and long-run panel causal relationship between energy consumption and 

economic growth followed by panel IRFs (Rezitis and Ahammad, 2015d). Note that the 

estimations are done utilizing RATS 8.2 econometric software and procedures based on the 

work by Doan (2012). 

4.3.3.1 Panel unit root analysis 

Panel unit root tests provide information about the order of integration of the variables 

under consideration which is crucial in empirical analysis since applying the ordinary least 

square estimator in non-stationary variables results in spurious regressions. The present 

section employs four different panel unit root tests in order to calculate the order of 

integration of the variables. The first test is the one developed by Levin et al. (2002, 

henceforth LLC), the second is the Harris and Tzavalis (1999, henceforth, HT), the third is 

the Im et al. (2003, henceforth IPS), and the fourth is Breitung (2000). Most of the panel unit 

root tests use the following general structure: 
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where Δ is the first difference operator, p is the lag length, dmt is a vector of deterministic 

variables and αmt is the corresponding vector of coefficients for models m=1, 2, and 3 where 

d1t={empty set}, d2t={1} and d3t={1, t}, correspondingly. 0i   indicates that the y process 
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has a unit root for individual i, while 0i   indicates a stationary process. According to LLC 

(2002), since ρi is fixed across i the alternative hypothesis is that the ρi are identical and 

negative. A similar but simpler test is derived for (4.3.1) by HT (1999) when the time 

dimension of the panel is relatively short, with a null hypothesis of a unit root and an 

alternative with a single stationary value. Unlike the two aforementioned tests, the IPS (2003) 

test allows the ρi to vary and in fact the null hypothesis implies that all series have a unit root, 

i.e. 0i   for all i, while the alternative hypothesis indicates that some of the series are 

stationary, i.e. 0i   for some i. An alternative set of procedures to LLC (2002) is proposed 

by Breitung (2000) with a similar null hypothesis of a unit root. 

4.3.3.2 Panel cointegration analysis 

A panel cointegration test developed by Pedroni (1999) is used to test the existence of the 

long-run equilibrium relationship among the variables under consideration (i.e. lnGDP, 

lnENERGY, lnGFC and lnLABOR). In particular, the testing procedure specifies a null 

hypothesis indicating that the series are not cointegrated, that is, that the residuals from a 

regression on the variables are still I(1). More specifically, if the alternative is that the series 

are cointegrated and have a common cointegrating vector, then the null is that the series are 

not cointegrated or they are cointegrated but do not have a common cointegrating vector. 

Pedroni (1999, 2004) develops two sets of tests for cointegration which include seven 

statistics. Of these seven statistics, four are based on pooling along the within-dimension 

(panel cointegration statistics) and the remaining three are based on pooling along the 

between-dimension (group mean panel cointegration statistics). The panel cointegration 

statistics are based on estimators that pool the autoregressive coefficient across different units 

for the unit root tests on the estimated residuals, while the group mean panel cointegration 

statistics are based on estimators that average the individually estimated coefficients for each 

unit i. With regard to the first set of statistics, three of the four statistics (panel v-statistic, 
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panel ρ-statistic, and panel PP-statistic) use non-parametric corrections analogous to the work 

of Phillips and Perron (1988), while the fourth (panel ADF-statistic) is a parametric 

augmented Dickey-Fuller t-statistic. In the second set of statistics, two of the three statistics 

(group ρ-statistic, and group PP-statistic) are based on non-parametric corrections while the 

third (group ADF-statistic) is an augmented Dickey-Fuller based test statistic. Of the seven 

statistics, the panel v-statistic is a one-sided test where positive values greater than the critical 

value reject the null hypothesis of no cointegration whereas negative values greater than the 

critical value for the remaining test statistics reject the null hypothesis of no cointegration. 

Let’s denote by γι the autoregressive coefficient of the residuals in the ith unit then the null 

and alternative hypothesis of the panel statistics are specified as follows: 

0 : 1, ,

: 1,

i

A i

H for all i

H for all i



 



 
                                          (4.3.2) 

By contrast the hypothesis of the group statistics are described as: 

 
0 : 1, ,

: 1,

i

A i

H for all i

H for all i








                                       (4.3.3) 

Note that the alternative hypothesis of the within-dimension (panel) statistics presumes a 

common value for i  , while the between-dimension (group) statistics do not presume a 

common value for i   and allow an additional source of potential heterogeneity across 

individual units of the panel. 

The long-run relationship between real gross domestic product, energy use, real gross 

fixed capital formation and total labor force is given by Equation (4.3.4): 

1 2 3ln ln ln ln

1,..., ; 1990 to 2012 (4.3.4)

it i i t i t i t itGDP ENERGY GFC LABOR

for i N t

        

 

 

where GDPit is referred to the real gross domestic product, ENERGY is the energy use, GFC 

is real gross fixed capital formation and LABOR is the total labor force. The parameter αi is a 
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fixed-effect parameter while β1i, β2i and β3i are the slope parameters. εit are the estimated 

residuals which represent deviations from the long-run relationship. 

A number of studies written by Pedroni (1999, 2001, 2004) are used to estimate panel 

cointegration among the variables in question. These studies allow not only differing short-

run dynamics but also differing cointegrating vectors. Based on Pedroni (2000, 2001, 2004) 

two estimators are used for estimating the long-run parameters of the cointegration 

relationships given by (4.3.4). These estimators are the Fully-Modified Ordinary Least 

Squares (FMOLS) which was firstly developed by Phillips and Hansen (1990) and Hansen 

(1992) and the Dynamic Ordinary Least Squares (DOLS) which was also proposed 

independently by Stock and Watson (1993). Note that the least squares estimated parameters 

in (4.3.4) suffer from simultaneity bias due to the correlation between the left-hand side 

variable (lnGDPit) and the error term (εit) and from dynamic endogeneity due to serial 

correlation of the error term (εit). The FMOLS estimator used in estimating (4.3.4) corrects for 

the bias of the estimated parameters, while the DOLS estimator deals with the endogeneity by 

adding the current lags and leads of the first difference of the right-hand variables 

(lnENERGY, lnGFC and lnLABOR) to the regression of (4.3.4). 

Table 4.3.5 presents the results of the panel FMOLS and DOLS estimators. In particular, 

Table 4.3.5 presents panel cointegration coefficients for the real gross domestic product 

(GDP) as a group as well as for each specific country i (i=1,…,9). Furthermore, the 

aforementioned Table is accompanied by heterogeneity tests  2 tests   for the estimated 

coefficients 
^ ^ ^ ^

1 2 3, , ,i i i i   
 
 
 

corresponding to the variables under consideration 

(intercepti, lnENERGYi, lnGFCi, lnLABORi). The null hypothesis of the heterogeneity test is 

that each individual coefficient is equal to the average of the group. 
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4.3.4 Data 

The data used in this section is discussed in the subsection 4.2.4. 

4.3.5 Results and discussion 

4.3.5.1 Panel unit root results 

The panel unit root test results are presented in Table 4.3.2 and Table 4.3.3. Most of the 

panel unit root results show a tendency to fail to reject the null hypothesis of a panel unit root 

for the levels of the variables. On the contrary, most of the panel unit root results indicate 

rejection of the null of a panel unit root of the first-differences of the variables in support of 

the alternative of stationary first-differences of the variables. Thus, from the panel unit root 

analysis, it can be concluded that the variables are integrated of order one, suggesting a 

possible long-run cointegrating relation among variables such as lnGDP, lnENERGY, lnGFC 

and lnLABOR. Therefore, the next step of the empirical analysis is to investigate the presence 

of cointegration between the variables under consideration. 

Table 4.3.2: Results of panel unit root LLC and Breitung tests 

 LLC test Breitung test 

 None Constant Constant 

and Trend 

None Constant Constant 

and Trend 

Variables in levels 

lnGDP 20.16  

(1.00) 

7.83  

(1.00) 

-2.07  

(0.02) 

9.45  

(1.00) 

8.83  

(1.00) 

-1.47  

(0.07) 

lnENERGY 14.73  

(1.00) 

-3.38  

(0.00) 

-3.47  

(0.00) 

8.64  

(1.00) 

6.35  

(1.00) 

-4.14  

(0.00) 

lnGFC 7.65  

(1.00) 

-0.39  

(0.35) 

-2.84  

(0.00) 

5.76  

(1.00) 

3.25  

(0.99) 

-3.65  

(0.00) 

lnLABOR 11.74  

(1.00) 

-4.27  

(0.00) 

-0.50  

(0.31) 

5.74  

(1.00) 

1.66  

(0.95) 

-2.07  

(0.02) 

Variables in 1st differences 

ΔlnGDP -1.26  

(0.10) 

-8.19  

(0.00) 

-6.83  

(0.00) 

-1.10  

(0.13) 

-3.26  

(0.00) 

-7.18  

(0.00) 

ΔlnENERGY -4.58  

(0.00) 

-8.11  

(0.00) 

-6.19  

(0.00) 

-4.02  

(0.00) 

-3.82  

(0.00) 

-6.07  

(0.00) 

ΔlnGFC -5.31  

(0.00) 

-9.44  

(0.00) 

-3.43  

(0.00) 

-4.11  

(0.00) 

-4.08  

(0.00) 

-6.72  

(0.00) 

ΔlnLABOR -3.66  

(0.00) 

-3.59  

(0.00) 

-5.43  

(0.00) 

-3.39  

(0.00) 

-0.39  

(0.34) 

-6.15  

(0.00) 

Note: Δ is the 1st difference operator. Numbers in parentheses are p-values. 
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Table 4.3.3: Results of panel unit root HT and IPS tests 

 HT test IPS test 

 None Constant Constant and 

Trend 

Constant Constant and 

Trend 

Variables in levels 

lnGDP 0.09  

(0.53) 

2.54  

(0.99) 

0.15  

(0.56) 

5.48  

(1.00) 

0.33  

(0.63) 

lnENERGY 0.16  

(0.56) 

1.46  

(0.93) 

-2.14  

(0.02) 

-0.32  

(0.37) 

-0.71  

(0.24) 

lnGFC 0.09  

(0.54) 

1.55  

(0.94) 

-0.47  

(0.32) 

1.33  

(0.91) 

-0.69  

(0.24) 

lnLABOR 0.06  

(0.52) 

2.12  

(0.98) 

1.74  

(0.96) 

-0.43  

(0.33) 

2.14  

(0.98) 

Variables in 1st differences 

ΔlnGDP -14.74  

(0.00) 

-17.71  

(0.00) 

-9.59  

(0.00) 

-4.19  

(0.00) 

-2.58  

(0.00) 

ΔlnENERGY -36.16  

(0.00) 

-23.01  

(0.00) 

-13.49  

(0.00) 

-4.10  

(0.00) 

-2.71  

(0.00) 

ΔlnGFC -37.45  

(0.00) 

-18.34  

(0.00) 

-9.93  

(0.00) 

-4.78  

(0.00) 

-2.56  

(0.01) 

ΔlnLABOR -13.45  

(0.00) 

-17.91  

(0.00) 

-10.34  

(0.00) 

-2.59  

(0.00) 

-2.41  

(0.01) 
Note: Δ is the 1st difference operator. Numbers in parentheses are p-values. 

 

4.3.5.2 Panel cointegration test 

The panel cointegration test results presented in Table 4.3.4 are obtained with the 

inclusion of time dummies. The cointegration test results support the presence of a long-run 

cointegrating relation among the variables, since four test statistics (the panel v-statistic, 

panel ADF statistic, group PP statistic and group ADF statistic) out of seven reject the null 

hypothesis of no cointegration between real gross domestic product, energy use, real gross 

fixed capital formation and total labor force at the conventional level of significance. This 

indicates the existence of long-run co-movement among the variables. 
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Table 4.3.4: Panel cointegration test 

Variables Panel (Within dimension) Group (Between dimension) 

v-statistic ρ- statistic PP- 

statistic 

ADF- 

statistic 

ρ- statistic PP- statistic ADF- statistic 

lnGDP, 

 lnENERGY, lnGFC, lnLABOR 

4.43*** 1.12 -1.25 -1.91** 1.91 -2.56*** -2.71*** 

Note: ***, **, * indicate statistical significance at 1%, 5% and 10% level of significance, respectively. The statistics are asymptotically significant as standard normal. 
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4.3.5.3 Long-run equilibrium relationship 

The results of long-run elasticity are reported in Table 4.3.5. An inspection of the 

empirical results presented in Table 4.3.5 indicates that the FMOLS and DOLS estimators 

produce very similar results in terms of the magnitude and statistical significance of the 

parameter estimates for both the full panel and the individual countries. 

The third row of Table 4.3.5 presents the estimated parameters of the cointegration vector 

corresponding to the full panel, that is, the whole group of nine South and Southeast Asian 

countries. All the coefficients of the full panel are positive and statistically significant at the 

1% level of significance. The estimates of the full-panel FMOLS indicate that a 1% increase 

in energy usage increases the real gross domestic product by 0.21%; a 1% increase in capital 

formation increases the real gross domestic product by 0.25%; and a 1% increase in the labor 

force increases the real gross domestic product by 0.88%. With respect to the other panel 

studies reporting FMOLS estimates, the elasticity of energy usage for the nine South and 

Southeast Asian countries is within the range of other studies: Lee (2005) reported the 

elasticity of energy usage for eighteen developing countries as 0.50%; Lee and Chang (2008) 

reported the elasticity of energy usage for sixteen Asian countries as 0.32%; Lee et al. (2008) 

reported the elasticity of energy usage for twenty-two OECD countries as 0.25%; Narayan 

and Smyth (2008) reported the elasticity of energy usage for G7 countries as 0.12%; Apergis 

and Payne (2009a) reported the elasticity of energy usage for six Central American countries 

as 0.28%; and Apergis and Payne (2009b) reported the elasticity of energy usage for eleven 

CIS countries as 0.42%. On the other hand, the estimates of the full-panel DOLS indicate that 

a 1% increase in energy usage increases the real gross domestic product by 0.23%; a 1% 

increase in capital formation increases the real gross domestic product by 0.31%; and a 1% 
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increase in the labor force increases the real gross domestic product by 0.76%. With respect 

to the other panel studies reporting DOLS estimates, the elasticity of energy usage for the 

nine South and Southeast Asian countries is again within the range of other studies: Narayan 

and Smyth (2008) reported the elasticity of energy usage for G7 countries as 0.16% and 

Ozturk et al. (2010) reported the elasticity of energy usage for fourteen low-income countries 

as 0.54%, the elasticity of energy usage for thirteen upper-middle-income countries as 0.48% 

and the elasticity of energy usage for twenty-four lower-middle-income countries as 0.58%. 

Note that the real gross domestic product shows a higher response to the total labor force 

followed by real gross fixed capital formation and energy use for both the FMOLS and the 

DOLS model. The DOLS estimates for individual countries indicate that all the individual 

countries’ real gross domestic product responds positively (except Brunei and the 

Philippines) to energy use. Although the real gross domestic products of Bangladesh, 

Indonesia and Pakistan show a positive response to energy use, these are statistically 

insignificant. All the individual countries’ real gross domestic product also responds 

positively (except Bangladesh, which is statistically insignificant) to real gross fixed capital 

formation. Furthermore, all the individual countries’ real gross domestic product responds 

positively to the total labor force; however, Indonesia, Sri Lanka and Thailand’s responses 

are statistically insignificant. The heterogeneity tests for the estimated coefficients presented 

in the last five rows of Table 4.3.5 reject the hypothesis of equality of the individual 

estimated coefficient to the corresponding average panel (group) coefficient presented in the 

third row of the table. 
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Table 4.3.5: Panel cointegration coefficients of nine South and Southeast Asian countries 

 Panel FMOLS Panel DOLS 

 Intercept lnENERGY lnGFC lnLABOR Intercept lnENERGY lnGFC lnLABOR 

lnGDP  

(full panel) 

1.57*** 

(8.30) 

0.21*** 

(14.47) 

0.25*** 

(25.44) 

0.88*** 

(19.37) 

1.73*** 

(21.93) 

0.23*** 

(6.25) 

0.31*** 

(39.07) 

0.76*** 

(28.25) 

lnGDP  

(Bangladesh) 

-9.53 

(0.63) 

0.61* 

(2.02) 

-0.16 

(0.76) 

1.77 

(1.45) 

 -19.55 

(1.32) 

0.21 

(0.60) 

-0.17 

(0.95) 

2.57* 

(2.14) 

lnGDP  

(Brunei) 

14.90*** 

(23.36) 

-0.02 

(0.60) 

0.004 

(0.22) 

0.68*** 

(13.09) 

14.72*** 

(63.60) 

-0.15*** 

(12.66) 

0.02** 

(2.63) 

0.74*** 

(37.12) 

lnGDP  

(India) 

-0.32 

(0.59) 

0.99*** 

(25.66) 

0.19*** 

(10.16) 

0.48*** 

(13.58) 

-1.64** 

(2.71) 

0.82*** 

(15.78) 

0.24*** 

(9.88) 

0.61*** 

(14.19) 

lnGDP  

(Indonesia) 

-11.29** 

(2.77) 

-0.35 

(1.47) 

0.48*** 

(17.39) 

1.61*** 

(4.52) 

 3.77 

(0.66) 

0.34 

(1.07) 

0.51*** 

(27.12) 

0.31 

(0.62) 

lnGDP  

(Malaysia) 

-0.45 

(0.26) 

0.31*** 

(3.95) 

0.23*** 

(12.25) 

1.06*** 

(6.99) 

7.41*** 

(5.95) 

0.73*** 

(12.46) 

0.18*** 

(6.95) 

0.36** 

(3.94) 

lnGDP  

(Pakistan) 

1.78** 

(2.24) 

0.11 

(1.31) 

0.26*** 

(6.69) 

0.91*** 

(11.31) 

0.05 

(0.15) 

0.05 

(0.95) 

0.39*** 

(21.81) 

0.88*** 

(20.54) 

lnGDP  

(Philippines) 

-4.32*** 

(4.83) 

-0.87*** 

(5.49) 

0.47*** 

(4.33) 

1.59*** 

(8.27) 

-3.48** 

(4.49) 

-0.77*** 

(9.34) 

0.86*** 

(8.13) 

0.95*** 

(4.62) 

lnGDP  

(Sri Lanka) 

9.20*** 

(3.98) 

0.34*** 

(3.97) 

0.62*** 

(18.26) 

-0.15 

(0.80) 

 5.85* 

(2.32) 

0.18* 

(2.32) 

0.65*** 

(35.52) 

0.12 

(0.55) 

lnGDP  

(Thailand) 

14.17*** 

(4.40) 

0.80*** 

(14.07) 

0.15*** 

(7.77) 

-0.07 

(0.32) 

8.40 

(1.62) 

0.68*** 

(7.58) 

0.15*** 

(6.13) 

 0.34 

(1.04) 

Heterogeneity Test  (
2

8 -test) for the estimated coefficients 

Intercept 484.98 [0.000] 1801.46 [0.000] 

lnENERGY 471.60 [0.000] 684.79 [0.000] 

lnGFC 377.19 [0.000] 1556.00 [0.000] 

lnLABOR 99.12 [0.000] 51.13 [0.000] 
Note: Three lags and one lead were set for the panel DOLS estimator. Numbers in parenthesis are the absolute values of t-statistics while those in brackets are p-values. ***, 

**, * indicate statistical significance at 1%, 5% and 10% level of significance, respectively. 
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4.3.5.4 Short-run and long-run causality analysis 

Since the cointegration analysis can only determine the relationship among the variables, 

not the direction of causality, it is common practice to investigate the causal direction among 

the variables that are cointegrated. In this present section, a two-step procedure is applied to 

perform the causality test: first, estimating the long-run model (DOLS) specified in Eq. 

(4.3.4) to calculate the residuals; and second, defining the one-lagged residuals as the error 

correction term (ECT), which will be included in the panel vector error correction model. In 

particular, the variables are considered as in first difference plus ECT as exogenous variables. 

The dynamic panel vector error correction model is estimated as follows: 
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where Δ is the first-difference operator; p is the lag length set at one based on the Schwarz 

Bayesian Criterion (SBC) proposed by Schwarz (1978); εit is the residuals from the panel 

DOLS estimation of Eq. (4.3.4); and uit is the serially uncorrelated error term. In the real 

gross domestic product (GDP) equation (Eq. 4.3.5.1), short-run causality from energy usage, 

real gross fixed capital formation and the total labor force to the real gross domestic product 
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is tested, based on 0 12: 0li liH    , 0 13: 0li liH    and 0 14: 0li liH    , respectively. In the 

energy usage (ENERGY) equation (Eq. 4.3.5.2), the short-run causality from the real gross 

domestic product, real gross fixed capital formation and total labor force to energy usage is 

tested, based on 0 21: 0li liH    , 0 23: 0li liH    and 0 24: 0li liH    , respectively. In the 

capital formation (GFC) equation (Eq. 4.3.5.3), the short-run causality from the real gross 

domestic product, energy usage and total labor force to real gross fixed capital formation is 

tested, based on 0 31: 0li liH    , 0 32: 0li liH    and 0 34: 0li liH    , respectively. Finally, in 

the total labor force (LABOR) equation (Eq. 4.3.5.4), the short-run causality from the real 

gross domestic product, energy usage and capital formation to the total labor force is tested, 

based on 0 41: 0li liH    , 0 42: 0li liH    and 0 43: 0li liH    , respectively. The null 

hypothesis of no long-run causality in each equation (Equations (4.3.5.1) – ( 4.3.5.4)) is 

tested by examining the significance of the t-statistic for the coefficient on the respective 

error correction term (εit) represented by λi. 

Table 4.3.6 presents the results of the short- and long-run causality tests for the panel data 

set under consideration. Based on Table 4.3.6, the short-run dynamics in Eq. (4.3.5.1) 

indicate that energy use (ENERGY) and real gross fixed capital formation (GFC) have an 

impact on the real gross domestic product (GDP), since their F-statistics are statistically 

significant at the 1% and 10% levels of significance, respectively. On the other hand, the total 

labor force (LABOR) has no impact on the real gross domestic product since its F-statistic is 

statistically insignificant. The results of Eq. (4.3.5.2) indicate that the real gross domestic 

product, real gross fixed capital formation and total labor force do not have any impact on 

energy use, since their F-statistics are statistically insignificant. In terms of Eq. (4.3.5.3), it 

appears that the real gross domestic product has an impact on real gross fixed capital 

formation, since its F-statistic is statistically significant at the 1% level of significance, while 



186 

 

the energy use and total labor force do not have any impact on real gross fixed capital 

formation, since their F-statistics are statistically insignificant. 

Table 4.3.6: Panel causality test results of nine South and Southeast Asian countries 

Dependent 

variable 

Sources of causation (independent variables)  

Sort-run Long-run 

ΔlnGDP ΔlnENERGY ΔlnGFC ΔlnLABOR ECT 

(4.3.5.1) 

ΔlnGDP 

  

- 10.740(0.00)*** 

←     

3.031(0.08)* 

←     

0.404(0.53) 

▬     

1.758(0.08)* 

←  

(4.3.5.2) 

ΔlnENERGY 

 

1.654(0.20) 

▬ 

- 0.109(0.74) 

▬    

0.032(0.86) 

▬     

0.879(0.38) 

▬ 

(4.3.5.3) 

ΔlnGFC 

 

12.754(0.00)*** 

←     

0.009(0.92) 

▬   

- 0.169(0.68) 

▬     

4.187(0.00)*** 

←   

(4.3.5.4) 

ΔlnLABOR 

 

1.7843(0.18) 

▬ 

0.5360(0.47) 

▬  

0.016(0.90) 

▬   

- 1.725(0.09)* 

← 

Notes: ECT represents the error correction term. Numbers of short-run causality are F-statistics and numbers of 

long-run causality are t-statistics while numbers in parentheses are p-values. ***, **, * indicate statistical 

significance at 1%, 5% and 10% levels of significance, respectively. The symbol ← indicates the presence of 

causality, while ▬ indicates that causality does not exist. 

 

The results of Eq.( 4.3.5.4) show that the real gross domestic product, energy use and real 

gross fixed capital formation do not have any impact on the total labor force, since their F-

statistics are statistically insignificant. Therefore, it is implied that the short-run causality 

relationships between energy consumption and economic growth in the nine South and 

Southeast Asian countries are unidirectional, running from energy consumption to economic 

growth, supporting the growth hypothesis. This finding is also supported by the results of the 

studies by Lee (2005), Mahadevan and Asafu-Adjaye (2007), Narayan and Smyth (2008) and 

Apergis and Payne (2009a, b). With respect to long-run causality, the results of Eq. (4.3.5.1) 

in Table 4.3.6 indicate that the real gross domestic product is adjusting to the deviation from 

the long-run equilibrium, since its error correction term (ECT) is statistically significant at the 

10% level of significance, meaning that in the long-run energy use, real gross fixed capital 

formation and the total labor force cause the real gross domestic product. The results of Eq. 
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(4.3.5.2) indicate that energy use is not adjusting to the deviation from the long-run 

equilibrium, since its ECT is statistically insignificant. The results of Eq. (4.3.5.3) show that 

real gross fixed capital formation is adjusting to the deviation from the long-run equilibrium, 

since its ECT is statistically significant at the 1% level of significance, indicating that the real 

gross domestic product, energy use and total labor force cause real gross fixed capital 

formation. The results of Eq. (4.3.5.4) show that the total labor force is adjusting to the 

deviation from the long-run equilibrium, since its ECT is statistically significant at the 10% 

level of significance, indicating that the real gross domestic product, energy use and real 

gross fixed capital formation cause the total labor force. Thus, in the long-run, the causal 

relationships between energy consumption and economic growth in the nine South and 

Southeast Asian countries are again unidirectional, running from energy consumption to 

economic growth, supporting the growth hypothesis. This finding is consistent with those of 

Lee (2005), Ciarreta and Zarraga (2008), Lee and Chang (2008), Narayan and Smyth (2008) 

and Apergis and Payne (2009a). The results of the short- and long-run causality tests suggest 

that an increase in energy consumption may contribute to economic growth, while a reduction 

in energy consumption may adversely affect economic growth in the nine South and 

Southeast Asian countries, indicating that the aforementioned countries’ economies are 

energy dependent. Finally, it can be concluded that, in the short and the long run, energy is an 

important component of economic development in the nine South and Southeast Asian 

countries. Thus, policy regarding energy consumption in South and Southeast Asian countries 

should be considered carefully. 

4.3.5.5 Panel multivariate impulse response functions (IRFs) 

The panel impulse response functions (IRFs) are created by generating unit shocks to all 

the variables: real gross domestic product (GDP), energy use (ENERGY), real gross fixed 

capital formation (GFC) and total labor force (LABOR). Figure 4.3.1 shows the panel IRFs 
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for the four variables of the nine South and Southeast Asian countries. The variable shocked 

is presented in the column, while the target variable is in the row. From Figure 4.3.1, it can be 

observed that most of the shocks of all the variables reach the equilibrium level within three 

to four years. 

 

 

Note: GDP is real gross domestic product, ENERGY is energy use, GFC is real gross fixed capital formation and 

LABOR is total labor force 

 

Figure 4.3.1: Panel IRFs comparison of nine South and Southeast Asian countries 

 

The first row of Figure 4.3.1 shows the impulse responses of the variables to a one-unit 

shock in the real gross domestic product. From the graph, it is apparent that a one-unit shock 

in the real gross domestic product positively affects the energy use and real gross fixed 

capital formation, while it negatively affects the total labor force. This graph also shows that 

the highest responses of all the variables occur within one year from the initial shock and they 

require about three years to reach their long-run equilibrium level. 

The second row of Figure 4.3.1 shows the impulse responses of the variables to a one-unit 

shock in energy use. From the graph, it is evident that a one-unit shock in energy use 

negatively affects the real gross domestic product and real gross fixed capital formation, 

while it positively affects the total labor force. This graph also shows that the highest 

gdp 

energy 

gfc 

labor 

gdp energy gfc labor 

0 1 2 3 4 5 6 7 8 9 10 11 12 -0.2 0.0 0.2 0.4 0.6 0.8 1.0 

0 1 2 3 4 5 6 7 8 9 10 11 12 -0.10 -0.08 -0.06 -0.04 -0.02 0.00 0.02 

0 1 2 3 4 5 6 7 8 9 10 11 12 -0.030 -0.025 -0.020 -0.015 -0.010 -0.005 0.000 0.005 

0 1 2 3 4 5 6 7 8 9 10 11 12 -0.200 -0.175 -0.150 -0.125 -0.100 -0.075 -0.050 -0.025 -0.000 0.025 

0 1 2 3 4 5 6 7 8 9 10 11 12 -0.025 0.000 0.025 0.050 0.075 0.100 0.125 0.150 0.175 0.200 

0 1 2 3 4 5 6 7 8 9 10 11 12 -0.2 0.0 0.2 0.4 0.6 0.8 1.0 

0 1 2 3 4 5 6 7 8 9 10 11 12 -0.015 -0.010 -0.005 0.000 0.005 0.010 0.015 0.020 0.025 

0 1 2 3 4 5 6 7 8 9 10 11 12 -0.5 -0.4 -0.3 -0.2 -0.1 -0.0 0.1 

0 1 2 3 4 5 6 7 8 9 10 11 12 -0.2 0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 

0 1 2 3 4 5 6 7 8 9 10 11 12 -0.5 -0.4 -0.3 -0.2 -0.1 -0.0 0.1 

0 1 2 3 4 5 6 7 8 9 10 11 12 -0.2 0.0 0.2 0.4 0.6 0.8 1.0 

0 1 2 3 4 5 6 7 8 9 10 11 12 -0.10 -0.05 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 

0 1 2 3 4 5 6 7 8 9 10 11 12 -0.10 -0.08 -0.06 -0.04 -0.02 0.00 0.02 

0 1 2 3 4 5 6 7 8 9 10 11 12 -0.01 0.00 0.01 0.02 0.03 0.04 0.05 0.06 

0 1 2 3 4 5 6 7 8 9 10 11 12 -0.001 0.000 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 

0 1 2 3 4 5 6 7 8 9 10 11 12 -0.2 0.0 0.2 0.4 0.6 0.8 1.0 
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responses of all the variables occur within one year from the initial shock and they require 

about three years to reach their long-run equilibrium level. 

The third row of Figure 4.3.1 shows the impulse responses of the variables to a one-unit 

shock in real gross fixed capital formation. The graph indicates that a one-unit shock in real 

gross fixed capital formation negatively affects the real gross domestic product but positively 

affects the total labor force. This graph also shows that the highest responses of the real gross 

domestic product and total labor force occur within one year from the initial shock and they 

require about four years to reach their long-run equilibrium level. The response of energy use 

is different in this case; in one year from the initial shock, energy use shows a positive 

response, but from the second year, it responds negatively and it requires about four years to 

reach its long-run equilibrium level. 

The fourth row of Figure 4.3.1 shows the impulse responses of the variables to a one-unit 

shock in the total labor force. From the graph, it can be seen that a one-unit shock in the total 

labor force negatively affects the real gross domestic product and energy use and they need 

about four years to reach their long-run equilibrium level. Furthermore, it positively affects 

real gross fixed capital formation, which is the highest within one year from the initial shock 

and requires about four years to reach its long-run equilibrium level. 

4.3.6 Conclusions and policy implications 

This section examines the relationship between energy consumption and economic 

growth in nine South and Southeast Asian countries using the panel data approach. In 

bivariate analysis, a common problem that might occur is the omitted variable bias 

(Lütkepohl, 1982). To avoid this problem, the present section evaluates the relationship 

between energy consumption and economic growth within a multivariate panel data 

framework by including real gross fixed capital formation and the total labor force. This 

section undertakes panel cointegration analysis to estimate the dynamic relationships, the 



190 

 

panel vector error correction model to detect the direction of short- and long-run causality 

and panel IRFs to examine the effect of responses between energy consumption and 

economic growth. 

The panel cointegration analysis reveals that the long-run equilibrium relationships 

between real gross domestic product, energy consumption, real gross fixed capital formation 

and total labor force are positive and statistically significant, indicating the existence of long-

run co-movement among the variables. The panel short- and long-run causality results 

support unidirectional causality running from energy consumption to economic growth in the 

nine South and Southeast Asian countries. This causality is referred to as the ‘growth 

hypothesis,’ suggesting that an increase in energy consumption may contribute to the 

economies of South and Southeast Asian countries and a reduction in energy consumption 

may adversely affect the economies of South and Southeast Asian countries, indicating that 

the economies of these countries are energy dependent. The growth hypothesis also suggests 

that energy consumption plays an important role in economic growth both directly and 

indirectly in the production process as a complement to the labor force and capital formation 

of these countries. The panel multivariate impulse response functions indicate that: (i) the 

responses to shocks of all the variables reach the equilibrium level within three to four years 

in the time period,(ii) a one-unit shock in the gross domestic product positively affects energy 

use and gross fixed capital formation but negatively affects the total labor force, (iii) a one-

unit shock in energy use negatively affects the gross domestic product and gross fixed capital 

formation but positively affects the total labor force, (iv) a one-unit shock in gross fixed 

capital formation positively affects energy use and the total labor force but negatively affects 

the gross domestic product; and (v) a one-unit shock in the total labor force negatively affects 

the gross domestic product and energy use but positively affects gross fixed capital 

formation. 
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Finally, the empirical results of the present section might give policymakers a better 

understanding of the relationship between energy consumption and economic growth to 

formulate energy policies in the nine South and Southeast Asian countries. The investigation 

of the dynamic relationship between energy consumption and economic growth has important 

policy implications. The dynamic relationships between energy consumption and economic 

growth of the present section clearly indicate that energy consumption has a significant 

impact on economic growth. This means that continuous energy consumption may contribute 

to a continuous increase in economic growth and a continuous reduction in energy 

consumption may compromise economic growth, indicating that economic growth is 

fundamentally motivated by energy consumption. However, the excessive consumption of 

energy may create long-run environmental consequences. As a result, to avoid negative 

shocks to economic development in the nine South and Southeast Asian countries, 

policymakers should formulate well-planned short- and long-run energy policies taking into 

consideration the possible long-run environmental impacts. 
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CHAPTER 5 

 

CONCLUSIONS 

The present dissertation encompasses three empirical essays about the evolution and 

relations of the SAARC countries’ agricultural productions. In particular, the first essay 

employed unobserved components model (UC) to evaluate the evolution of agricultural 

production in the SAARC region. The second essay used the vector error correction model 

(VECM), Markov-switching VECM model (MS-VECM) and multivariate generalized 

autoregressive conditional heteroskedasticity model (MGARCH) techniques to investigate 

the short-term and long-term relationships, regime-switching behavior and the 

interdependency of volatility spillovers of the SAARC countries’ agricultural production. 

Finally, the third essay employed a series of panel data approaches to investigate the dynamic 

relationships between energy consumption and the three major sectoral outputs (i.e. 

agricultural, manufacturing and service sector outputs), as well as total output in the SAARC 

and its neighboring ASEAN countries. 

Essay 1 investigated the evolution of agricultural production of three SAARC countries, 

namely Bangladesh, India and Pakistan. The unobserved components model (UC) was used 

to decompose the per capita agricultural production of these countries into trends, cycles, 

interventions and irregular components. The empirical results of the UC model provided 

evidence that the per capita agricultural production of the three countries’ time series is best 

fitted by smooth trend plus the stochastic cycle model. The empirical results show that the 

correlation between the countries is not very strong in their irregular components, meaning 

that unexpected events of one country will not strongly affect the other countries’ per capita 

agricultural production. The results of long-run trends show that Bangladesh’s per capita 

agricultural production is diverging from those of India and Pakistan, while India and 

Pakistan have some positive correlation, indicating long-run positive movements in their per 
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capita agricultural production trend. The growth rate of Bangladesh is high, followed by India 

and Pakistan, although Pakistan’s growth is statistically insignificant. In addition, the per 

capita agricultural production of Pakistan and Bangladesh shares a common short cycle, with 

positive correlation indicating convergence between these two countries; the per capita 

agricultural production of India and Bangladesh also shares a common cycle, with negative 

correlation indicating divergence between these two countries. Finally, the first essay 

presents yearly forecasted values of the per capita agricultural production of Bangladesh, 

India and Pakistan from 2011–2015, which reveal that Bangladesh was expected to maintain 

its upward growth until 2015, and India to have stable growth up to 2013 before rising, 

whereas Pakistan’s agricultural production growth would be stable at the end of the 

forecasting period. 

Essay 2 included two sections to investigate the short-run and long-run relationships and 

effects of the impulse responses, as well as the growth and interdependency of volatility 

spillovers between the per capita agricultural production of three SAARC countries—namely 

Bangladesh, India, and Pakistan. In particular, section 3.1 of Essay 2 used vector error 

correction (VECM) and Markov-switching VECM (MS-VECM) models to examine the 

agricultural production relations between three SAARC countries. Section 3.2 of Essay 2 

used multivariate generalized autoregressive conditional heteroskedasticity (MGARCH) 

method to examine the growth and the interdependency of volatility spillovers between the 

per capita agricultural productions of the three SAARC countries. 

The empirical results of the VECM model support the presence of two long-term 

cointegrating relations between the per capita agricultural production: (i) Pakistan–India and 

(ii) India–Bangladesh. The long-term relation between Pakistan and India showed that an 

increase in the per capita agricultural production of India would increase the per capita 

agricultural production of Pakistan. The long-term relation between India and Bangladesh 



194 

 

evidenced that an increase in the per capita agricultural production of Bangladesh would 

increase the per capita agricultural production of India. The impulse response functions 

derived from the VECM model indicate that transitory impacts are very low (almost null), 

while permanent impacts are high and quite similar for the three SAARC countries under 

examination. The empirical results of MS-VECM model support two volatile regimes: a low-

volatility regime (regime 1) and a high-volatility regime (regime 2). The average duration of 

the low-volatility regime is about 6.75 years and that of the high-volatility regime is about 

8.33 years. The smoothed probabilities of the MS-VECM imply that the high-volatility 

regime holds a stronger probability of staying with the same regime than that of the low-

volatility regime. The high-volatility regime (regime 2) clearly holds the events that might be 

the reasons behind the high volatility of the regime such as war, natural disasters, 

implementation of the green revolution, land reforms and the various agricultural policies of 

the three countries. The impulse response functions derived from the MS-VECM model 

indicate that the agricultural production adjustments in regime 1 (low-volatility regime) are 

smoother than those in regime 2 (high-volatility regime) and that the adjustments are faster in 

the case of a shock to the agricultural production of Pakistan than to the agricultural 

production of either Bangladesh or India in both regimes. 

The empirical results of MGARCH model support the presence of volatility shocks and 

volatility spillover effects among the three countries’ per capita agricultural production. The 

own-country volatility shocks in India have shown the strongest future impacts on its own 

volatility than that of the own-country volatility shocks in the other two countries. The own-

country volatility shocks in Pakistan have shown the weakest future impacts on its own 

volatility compared to the own-country volatility shocks in the other two countries. The 

estimated cross-country volatility shocks evidenced that the volatility shock in India 

influences the volatility of Pakistan; the volatility shock in Pakistan influences the volatility 
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of Bangladesh; and the volatility shocks in Bangladesh influence the volatility of India and 

Pakistan. These results support the unidirectional cross-country volatility shocks transmission 

from Bangladesh to India and from India to Pakistan, while the cross-country volatility 

shocks transmission between Bangladesh and Pakistan is bidirectional. The results of 

conditional volatility spillover effects reported that the own-country conditional volatility of 

Bangladesh is the strongest compared to the own-country conditional volatility in the other 

two countries, while the own-country conditional volatility of Pakistan is the weakest 

compared to the own-country conditional volatility in the other two countries. The cross-

country conditional volatility spillovers evidenced that the volatility of India is affected by 

volatility generated by Pakistan and Bangladesh; the volatility of Pakistan is affected by 

volatility generated by India and Bangladesh; and the volatility of Bangladesh is affected by 

the volatility generated by Pakistan. The results of cross-country conditional volatility 

spillovers indicated that the volatility spillovers between Bangladesh and Pakistan and 

between India and Pakistan are bidirectional, while the volatility spillover between 

Bangladesh and India is unidirectional, running from Bangladesh to India. This might be a 

reason why India is trying to follow Bangladesh’s volatility shocks and conditional volatility 

to meet its demand. The impacts of volatility impulse response functions (VIRF) derived 

from the specific political and economic shocks from the past history of the three countries: 

(1) war between Bangladesh and Pakistan in 1971, (2) drought and infestation in Pakistan in 

1983, (3) floods in Pakistan in 1992, and (4) drought in India in 2002, show mixed results. 

The effects of shocks appear not only in the expected conditional variances but also in the 

expected conditional covariances. Finally, the VIRF evidenced that the impacts of impulse 

responses on expected conditional variances require a longer time to dissipate compared to 

the impacts on expected conditional covariances. It is also worth mentioning that country-
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specific shocks have longer impacts on their own expected conditional variances than that of 

the other countries’ shock. 

Essay 3 comprised three sections to investigate the relationships between energy 

consumption and the three major sectoral outputs (i.e. agricultural sector, manufacturing 

sector, and service sector), as well as total economic growth in SAARC and its neighboring 

ASEAN countries. In particular, section 4.1 of Essay 3 employed panel vector error 

correction model (panel VECM) to examine the relationship between energy consumption 

and the three major sectoral outputs (agricultural sector, manufacturing sector, and service 

sector) in the 13 SAARC and ASEAN countries. Section 4.2 of Essay 3 employed panel 

vector autoregression model (panel VAR) to provide IRFs and Granger causality tests to 

examine the causal linkages between energy consumption and economic growth in the nine 

SAARC and ASEAN countries. On the other hand, section 4.3 of Essay 3 employed panel 

VECM model to the same data set that was used in section 4.2 of Essay 3, since the unit root 

test results of the aforementioned panel data show mixed results. In addition, the panel 

VECM allows the examination of the short- and long-term causal direction between the 

variables, which is not possible in panel VAR model. 

The findings of section 4.1 of Essay 3 revealed that the long-run equilibrium relationship 

between energy consumption, agricultural sector output, manufacturing sector output, and 

service sector output are positive and statistically significant, indicating the existence of long-

run co-movement among the variables. The panel short-run causality results indicate that the 

agricultural sector output and manufacturing sector output of the 13 south and south-east 

Asian countries are energy dependent, while the service sector output is less energy 

dependent. The panel long-run causality results imply that agricultural sector output, 

manufacturing sector output, and service sector output of the 13 south and south-east Asian 

countries are energy dependent. The results of short-run and long-run causality tests suggest 
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that an increase in energy consumption may contribute to the agricultural sector, 

manufacturing sector, and service sector outputs, while a reduction in energy consumption 

may adversely affect these three sectors’ output in the 13 south and south-east Asian 

countries, with the exception of service sector output, which is not energy dependent in the 

short run. The panel multivariate impulse response functions indicate that: (i) The responses 

to shocks of all the variables reach the equilibrium level within three to seven years in the 

time period, (ii) a one-unit shock in the energy consumption negatively affects agricultural 

sector output, manufacturing sector output, and service sector output, (iii) a one-unit shock in 

agricultural sector output negatively affects energy consumption, manufacturing sector 

output, and service sector output, (iv) a one-unit shock in manufacturing sector output 

positively affects energy consumption, agricultural sector output, and service sector output, 

and (v) a one-unit shock in service sector output negatively affects energy consumption but 

positively affects agricultural sector output and manufacturing sector output. 

The findings of section 4.2 of Essay 3 revealed that: (i) the greatest response of each 

variable is attributable to itself; (ii) the responses of all variables to a one-unit shock in real 

gross domestic product are positive, while the responses of all variables to a one-unit shock in 

real gross fixed capital formation are negative; (iii) a one-unit shock in energy use negatively 

influences the real gross domestic product and real gross fixed capital formation, while it 

influences positively the total labor force; (iv) the responses of real gross domestic product 

and energy use are positive while the response of real gross fixed capital formation is 

negative to a one-unit shock in the total labor force. The panel Granger causality results 

support bidirectional causal relationships between energy consumption and economic growth 

in nine south and south-east Asian countries, indicating the feedback hypothesis. The 

majority of the individual countries’ Granger causality results support the findings obtained 

from the full panel, which is that economies are energy dependent. More specifically, the 
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causalities between energy consumption and economic growth in Bangladesh, Brunei 

Darussalam, India, and Thailand imply the growth hypothesis. The feedback hypothesis is 

supported by Malaysia and the Philippines. Sri Lanka indicates conservation hypothesis, and 

Indonesia and Pakistan support neutrality hypothesis. Hence, it might be said that the 

economies of Bangladesh, Brunei Darussalam, India, Malaysia, the Philippines, and Thailand 

are energy dependent, indicating that the energy conservation policies of these countries may 

adversely affect their economic growth. The economies of Indonesia, Pakistan, and Sri Lanka 

are less energy dependent, indicating that energy conservation policies may be pursued 

without adversely affecting these countries’ economies. 

The findings of section 4.3 of Essay 3 revealed that the long-run equilibrium relationships 

between real gross domestic product, energy consumption, real gross fixed capital formation 

and total labor force are positive and statistically significant, indicating the existence of long-

run co-movement among the variables. The panel short- and long-run causality results 

support the “growth hypothesis”, indicating that an increase in energy consumption may 

contribute to the economies of south and south-east Asian countries, and a reduction in 

energy consumption may adversely affect the economies of south and south-east Asian 

countries. The growth hypothesis also implies that energy consumption plays an important 

role in economic growth both directly and indirectly in the production process as a 

complement to the labor force and capital formation of these countries. The panel 

multivariate impulse response functions indicate that: (i) the responses to shocks of all the 

variables reach the equilibrium level within three to four years in the time period, (ii) a one-

unit shock in the real gross domestic product positively affects energy use and real gross 

fixed capital formation but negatively affects the total labor force, (iii) a one-unit shock in 

energy use negatively affects the real gross domestic product and real gross fixed capital 

formation but positively affects the total labor force, (iv) a one-unit shock in real gross fixed 
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capital formation positively affects energy use and the total labor force but negatively affects 

the real gross domestic product; and (v) a one-unit shock in the total labor force negatively 

affects the real gross domestic product and energy use but positively affects real gross fixed 

capital formation. 

The empirical findings of the present dissertation provide some tangible evidence that can 

help SAARC countries’ policymakers. First, it is found that unexpected shocks in one 

country do not have strong impacts on other SAARC countries’ agricultural production. 

Second, the long-term trend shows a positive correlation between the agricultural production 

of the big economies (India and Pakistan), while the small economy (Bangladesh) is 

diverging from the big economies. Third, there is a positive short-term common cycle 

between Bangladesh and Pakistan; however, the common cycle between India and 

Bangladesh is negative. Fourth, the presence of two long-term cointegrating relations 

between per capita agricultural production: (i) Pakistan–India and (ii) India–Bangladesh. 

Fifth, the agricultural production adjustments in regime 1 (low-volatility regime) are 

smoother than those in regime 2 (high-volatility regime). Sixth, the presence of the ARCH 

(volatility shocks) and GARCH (volatility spillovers) effects among the SAARC countries’ 

per capita agricultural production. Seventh, the long-run equilibrium relationship between 

energy consumption, agricultural sector output, manufacturing sector output, and service 

sector output are positive. Eighth, the short-run and long-run causal linkage between energy 

consumption and agricultural sector output evidenced feedback hypothesis, indicating an 

increase in energy consumption may contribute to the agricultural sector output, while a 

reduction in energy consumption may adversely affect agricultural sector output of the 

SAARC and its neighboring ASEAN countries. Ninth, the long-run equilibrium relationships 

between real gross domestic product, energy consumption, real gross fixed capital formation 
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and total labor force are positive. Finally, it is found that the whole economy of the SAARC 

and its neighboring ASEAN countries is energy dependent. 

The current dissertation concludes with some suggestions for future research. Since the 

present study included only some of the SAARC countries, on the grounds of data 

availability and agricultural importance to the region, an extension to the current study might 

be incorporating all SAARC countries. Then, the findings of both studies might be compared. 

Another extension might be the use of high-frequency data since the present study used 

yearly data of about 52 years. In particular, monthly data or quarterly data may be used to 

determine the short-run and long-run dynamics of agricultural production growth between the 

SAARC countries, and finally a comparison between the findings is provided. In addition, the 

agricultural product price transmission (including asymmetric price transmission) in the 

SAARC countries might be investigated. Furthermore, future studies might use other models, 

e.g. panel error correction model (Pesaran et al. 1999), vector GARCH (VECH), diagonal 

vector GARCH (DVECH), conditional correlation (CC), constant conditional correlation 

(CCC), diagonal conditional correlation (DCC), and asymmetry of MGARCH models, which 

have not been used in the present study. 
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