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ABSTRACT 
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In this study, an attempt has been made to quantify the main determinants of long-run 

gro\Vth in the non-oil productive sectors (agricultural and manufacturing sectors) of Libya for 

the period 1970-2008 using an aggregate production function in a neo-classical framework, 

as well as taking account some of growth theories such as new growth theory. 

Even though previous studies has shown that the Cobb-Douglas (C-D) production function is 

generally more suitable to deal with developing countries than the Constant Elasticity of 

Substitution (CES) production function, a statistical model was built in this research in order to 

determine the best fit function for the Libyan economy. Some statistical criteria such as values 

of elasticity of substitution between capital and labour, T-test , F - test and R 2 are used to 

discriminate between the above two functions. Moreover, two forms of production function 

IV 



• 

with various types of technical progress with the assumptions of Constant and Variant Ret1Jrns 

to scale were estimated, in order to determine the relative importance of factor inputs and 

technical progress to the growth of productive sectors. 

The principal findings of the analysis of the determinants of Libyan agricultural and 
• 

manufacturing sectors are as follows. Firstly, a Cobb-Douglas form with Constant Hicks 

neutral technical change with the asstimption of Variable Ret1..1r11s to Scale (VRS) fits the 

Libyan non-oil productive sectors (agriculture and manufacturing sectors) data. This suggests 

the existence of unit elasticity between the factors of production. The unitary elasticity of 

substitution between factor inputs was an obstacle io the growth of Libyan agricultural and 

manufacturing sectors. Secondly, the contribution of GDJ:l with respect to capital is found to 

be higher than the contribution of output with respect to labour in both agriculture and 

manufacturing sectors. This indicates that the change in GDP is more responsive to change in 

capital input than labour and technical progress in the Libyan agriculture and manufacturing 

sectors. Finally, technical change which accrued during the period 1970-2008 was growing at 

constant rates in the Libyan agricultural and manufacturing sectors, and it positively affected 
• 

the output in these sectors, but its effect was relatively small, this indicated by a low elasticity 

of GDP with respect to technical progress. 

The result of this thesis has important policy implications. It may be argued that high 

growth in the Libyan economy, especially in the productive sectors can be achieved by 

augmenting capital goods through imports, given the country's special circumstance 

because imported capital goods tends to embody advancement in technology that can be 

beneficial to production. It may also suggest that these sectors should concentrate a new 

product innovation, a crucial element of technical progress. 

V 

• 



• 

• 

Acknowledgments 
• 

• 

J would firstly like to express my heartfelt to my advisors, Dr Xiaoling Hu and Dr Ping Hua 

for leading me to the frontier of the Libyan research in this case, for guiding me through the 

various research processes, and for providing invaluable insights to my research. This work 

could not have been written without their help at all levels. 

( 

J am grateful to Dr Aying Liu and Dr Plii/ippa Ward for providing many constructive 

comments and constant encouragement, and for their valuable suggestions which have 

improved the contents of this thesis. 

J also want to say thank you too to a number of people in the CJLC language school who 

have supported me. I would also like to express my thanks to University of Gloucestershire 

for providing access to my own computer and a quiet study room . 

• 

J owe a great debt to my family; my father and my mother have given me the confidence to 

pursue my dreams. Their own strength and fortitude has been an inspiration. 

/ will not forget to say thank you to my wife who made it possible for me to pursue this dream. 

J must also thank my lovely daughter (Libya) and my beloved son (Ahmed) for always 

reminding me how lucky I am. • 

• 

I sincerely thank you all. • 

• 

• • 

VI 

• 



• 

Contents 

Page No 
• 

Title ....................................................................................................................................... I 

Declaration •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• II 

Dedication ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• III 

Abstract ··················································································~·············································· IV 

Acknowledgment······················································································································ VI 

Table of contents .••.......•.•....•••... , ..................................................................................•. , .... VII 

• 

List of tables ........................................................................................................................... XIV 

List of figures .............................................................................................................. , ....... XV'III 

Chapter one 
• 

Introduction 

1-1 Introduction •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

1-2 Research problem ································································································4············ ... 

1 

3 

J-3 Purpose of the study ········································································································· 4 
• 

1-4 Motivation and contribution • 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 5 

1-5 Research methodology ······································································································ 6 

1-6 Data collection and Issues ................................................ , .................................................. 8 

1-7 The plan of the study .......................... , ............................................................................. 10 
• 

VII 

... 



T 

• 

Chaptertrvo 

An overview of the Libyan economy 

' 

2-1 Jntroduction ....................................................................................................................... 14 

2-2 The structure of the Libyan economy ............................................................................ 14 
• 

2-3 The importance of productive sectors to Libya ................................................................. 20 

2-3-1 The importance of agriculture to the Libyan economic structure. . ............................ 21 

' 

2-3-2 Definition of manufacturing industries in Libya ... , ........................................................ 26 

2-3-2-1 Evolution of contribution of the manufacturing industries to Gross Domestic Product 

(GDP) ....................................................................................................................................... 27 

2-4 Economic indicators of agricultural and manufacturing sectors 

' in the Libyan economy . ........................................................................................................... 31 

2-4-1 Growth of gross domestic product ................................................................................... 31 

2-4-2 Capital formation and its role in the Libyan economy ................................................... 32 

2-4-3 The population ~tructure in Libya ............................................................................. 3 6 
• 

' 

2-4-3-1 Age and Gender structure of the Libyan population. . .............................................. 39 

2-4-3-2 'The size of manpower, labour force and their contribution 

to economic activity rate.········································································································ 40 
• 

2-4-3-3 Employment structure and development .................................................................. 41 

2-4-4 Impact of oil revenues on the Libyan economy and on productive sectors 

during the period 1970-2008 . ................................................................................................ 47 
• 

• 

VIII 



2-4-5 Public expenditure and its impact on the growth of economy and productive sectors 

• 

in Libya ································································································································· 51 
• 

2-5 Summary... . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . .. .. . .. . . . . . . . . . . . .. . . . . . . .. . . . . .. . .. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 7 

Chapter three 
.. 

• 

Economic growth theories and production functions 

• 

A literature Review 
• 

3-1 Introduction ......................................... ; ......................................................... , ......... 58 
• 

3_2 Harrod-Domar growth model ..................................................................................... 60 

3-3 Neo-classical growth theory ........................................................................................... 64 

J-4 New (Endogenous) Growth Theory ................... ·: ............................................................. 71 

J-5 The Club of Rome (or the classical theory of economic growth revisited) ...................... 7 3 

3_6 production functions and economic growth ............................................................... 75 

• 

3-7 The Cobb-Douglas (C-D) production/unction ........................................................... 77 

J-7-1 The C-D production function and technical progress ................................................ 80 

3_8 The Constant Elasticity of Substitution production function (CES) .............................. 81 

J-8-1 The CES production function and technical progress ................................................ 82 

3 9 Summary ··································•·························· 83 - ·························································· 

• 

IX 



Chapter Four 

Economic Grolvth and Production Functions 

A Review of Empirical Studies 

4-1 Introduction .................................................................................................................. 87 

4 .. 2 Previous studies employing the Cobb-Douglas production function ......................... , ...... 88 

4-3 Previous studies employing the Constant Elasticity of Substitution (CES) production 

function .................................................................................................................................... 95 • 

4-4 Previous studies employing both C-D and CES production functions . ......................... 1 OJ 

4-5 variables used in estimating of production function ................................................... . 110 

4-5-1 Gross Domestic Product(GDP) ............................................................................... 110 
• 

4-5-2 Capital input (Kt) ..................................................................................................... 111 

4-5-3 Labour input (Lt) .......................................................................................................... 113 

4-5-4 Other variables ............................................................................................................. 114 

4-6 Technical progress and Its impact on economic growth ............................................ 115 

4 .. 7 A,f easuring technological progress methods ................................................................... 118 

4-7-1 Solow 's method ............................................... , ........................................................... 119 

4-7-2 Wan 's method ............................................................................................................... 121 

4-7-3 Kendrick:s method ......................................................................................................... 124 

4-7-4 Direct method measuring of growth rate of technical change-~•································· 125 

4-8 Conclusion ...................................................................................................... --···· ........... 12 7 

' 

X 



Chapter five 

'Theoreticalframeworkfor the model equations in the Libyan economy 

5-l lntroduction ..................................................................................................................... 129 

5-2 Matching a production function to the Libyan economy ............................................... 132 
• 

' 

5-3 Statistical methods ...................................................................................................... 13 7 

5-4 The/unction and method used in estimate the production/unction ............................. 139 

• 

5-5 Growth accounting approach ···············~······································································ 144 

5-6 Stationary test .............................................................................................................. . 150 

5.7 Co-integration test ........................................................................................................ 153 

Chapter six 

An estimation of the production function in the Libya agricultural and 

manufacturing sectors 

6-1 Introduction .................................................................................................................. 15 7 

6-2 Application of stationary test. . ...................................................................................... 158 
• 

6-3 Application of co-integration test. . ............................................................................... 16 J 

6-4 Econometrics results and a discussion of the estimation of the agricultural production 

function ...................................•.............................................................................................. 168 

6-5 Aleasurement of average and marginal product of production factors in the Libyan 

agricultural sector ................................................................................................................. 17 3 
• 

• 

XI 

• 



' 

6-6 Estimation results of manufacturing production functions ............................................ 178 

6-7 Measurement of average and marginal product of production factors in the Libyan 

manufacturing sector ............................................................................................................. 186 

6-8 Conclusion ....................................................................................................................... 190 

• 

Chapter seven 

' 

An estimation of the production functions in the Libyan productive sector. 

, 

7-1 Introduction ................................................................................................................... 192 

7-2 Estimating production functions in the Libyan productive sector ................................. 193 

7-3 Estimation results ........................................................................................................ 194 

7-4 Measurement average and marginal product of production factors in the Libyan 

productive sector .................................................................................................................. 202 

7-5 Model validation ............................................................................................................ 206 

7-6 Test used to evaluate the model ......................................................................................... 20 7 

7-7 Conclusion ···················································································································· 222 • 

XII 



.. 

Chapter eight 

Summary and Conclusion 

8-1. Summary.························································································································ 224 

8-2. Policy implications ...................•.......•.......•.•......................................••.•.......••...••......•..•. 231 

8-3. Suggestion for further research. . ......................................................•............................ 2 3 2 

Bibliography 

Appendices 

, 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 234 

Appendices (A): Data set of the model .................................................................................. 253 

Appendices (B): Co-integration ....................•......•.......••.....•........•........••......•........•.......••.....• 264 

.. 

• 

• 

' 

XIII 

• 



List of tables 

• 

Table 2-1. Share of economic sectors in GDP at constant prices of 1980 during the period 

1970-2008 ......................................................................................................... .... 19 

Table 2-2. The contribution of agriculture to GDP and its annual growth rate during the 

period 1970-2008 ..................................................................................................................... 24 

Table 2-3. Manufacturing GDP and its share of GDP 

during the period 1970-2008 ......................................................................................... , ...... 29 

Table 2-4. The capitalfzxedformation in agriculture, manufacturing and oil sectors and 

their share in total capital fixed formation during the period l 970-2008 ............................... 35 

Table 2-5. Distribution of population (Libyan &non-Libyan) and their growth rates during 
• 

the period 19 70 .. 2008 ............................................................................................................... 3 8 

Table 2-6 Distribution of Libyan population 1995 and 2006 . ................................................. 39 

Table 2-7 Comparison of 1995 and 2006 census: Libyan population above 15 years working 

and non-working ...................................................................................................................... 41 

Table 2-8. Labour force in agricultural, industry sectors and their percentage to total labour 

in Libya during the period 1970-2008 .. .................................................................................... 44 
• 

Table 2-9 The evolution of oil revenue and the total real investment expenditure in the ' 

economy.·············································································································~···················· 50 
• 

Table 2-10. Real investment expenditure of the manufacturing and agricultural sectors and 
• 

their expenditure proportional to the total expenditure during the period 1970-2008 . .......... 54 

Table 6-1. The result of unit roots test of the variables used in estimation of the production 

•••••••••••••••••••••••••••••••••••••• unctions............ ··············································································· fi • 160 
I 

• 

XIV 



• 

Table 6-2. List of variables included in the co-integration vector of agricultural sector .... 162 
, 

Table 6-3. List of variables included in the co-integratio·n vector 

of manufacturing sector . .... ~···· ............................................................................................... 164 

Table 6-4. List of variables included in the co-integration vector 

of productive sector (Manufacturing +Agriculture) ............................................................ 166 

Table 6-5 Estimation of the CES production function, using the absolute value of variables 

zinder both specifications of Constant and Variant Hicks neutral technical progress, and 

ZJnder the restriction o/Constant and Variable Returns to Scale, specific to the Libyan 

c1gricultural sector . ............................................................................................................... · ..... 169 

Table 6-6. Estimation result of CES parameters of the Libyan agricultural sector ............ 170 

Table 6-7 Estimation of the C-D production function, using the absolute value of variables 
, 

ZJnder both specifications of Constant and Variant Hicks neutral technical progress, and 
• 

-z1nder the restriction of Constant and Variable Returns to Scale, specific to the Libyan 

c1griculturpl sector . ............................................................................................................... 171 

Table 6-8 The average and marginal productivity of production variables in agricultural 

.:sector over the period 1970-2008 ........................................................................................... 175 

Table 6-9 -Estimation of the CES production function, using the absolute value of variables 

vnder both specifications of Constant and Variant Hicks neutral technical progress, and 

vnder the restriction of Constant and Variable Returns to Scale, specific to the Libyan 

manufacturing sector . ............................................................................................................ 181 
• 

Table 6-10. Estimation ·result of CES parameters of the Libyan manufacturing sector ...... 182 

Table 6-11 Estimation of the C-D production function, using the absolute value of variables 

under both specifications of Constant and Variant Hicks neutral technical progress, and 

• 

xv 



ZJnder the restriction of Constant and Variable Returns to Scale, specific to the Libyan 

manufacturing sector ............................................................................................................. 183 

Table 6-12 The average and marginal productivity of production variables in 

nianufacturing sector over the period 1970-2008 . ................................................................ 188 

7able 7-1 Estimation of the CES production function, using the absolute value of variables 
-• 

under both specifications of Constant and Variant Hicks neutral technical progress, and 

under the restriction of Constant and Variable Returns to Scale, specific to the Libyan 

...,/::}roductive sector .................................................................... ~ ..•.................................•......... 196 

-:fable 7-2. Estimation result of CES parameters of the Libyan productive sector ............... 197 

-:fable 7-3 Estimation of the C-D production function, using the absolute value of variables 
• 

l.Jnder both specifications of Constant and Variant Hicks neutral technical progress, and 

l.Jnder the restriction of Constant and Variable Returns to Scale, specific to the Libyan 

,./:::Jroductive sector.; ................................................................................................................. 201 

• 

7able 7-4 Average and marginal productivity of production variables in productive sector 
• 

over the period 1970-2008 ...................... , ............................................................................... 204 

Table 7-5 Result of model validation to predict the value of the dependent variable in the 

,.£ibyan Agriculture sector during the study period ......................... : ...................................... 209 

7able 7-6 Result of model validation to predict the value of the dependent variable in the 

-Libyan Manufacturing sector during the study period. . ...................................................... 209 

XVI 

• 

' 



Table 7-7 Result of model validation to predict the value of the dependent variable in the 

Libyan Productive sector during the study period ................................................................ 209 

Table 7-8 Actual and Simulated series of the exogenous variable in the Libyan agricultural 

.sector during the period 1970-2008 . ..................................................................................... 210 

Table .7-9 Actual and Simulated series of the exogenous variable in the Libyan manufacturing 

sector during the period 1970-2008 . ..................................................................................... 211 

Table 7-10 Actual and Simulated series of the exogenous variable in the Libyan productive 

.sectors during the period 1970-2008 ..................................................................................... 212 

Table 7-11 Simulated and actual value of endogenous and exogenous variables in the Libyan 

agricultural sector during the period 1970-2008 .................................................................. 215 

Table 7-12) Simulated and actual value of endogenous and exogenous variables in the 

Libyan manufacturing sector during the period 1970-2008 ................................................ 216 

Table 7-!3 Simulated and actual value of endogenous and exogenous variables in the Libyan 

productive sector during the period 1970-2008 .................................................................... 217 

XVII 



List of figures 

Page No 

• 

Figure 2-1 Agricultural GDP compared with GDP value during the period 1970-2008 . ...... 25 

Figure 2-2 Figure (4-2): The change rate of agricultural GDP 

during the period 1970-2008. . ................................................................................................ 25 

Figure 2-3. Real manufacturing GDP compared with the real GDP value ........................ 30 

• 

Figure 2-4 The change rate of manufacturing output during the period 1970-2008 

... ································································································································· 30 •••••••••••••• 

Figure 2-5 The Libyan force in the agricultural, manufacturing and oil sectors compared 
' 

with total employees (labour) during the period 1970-2008 .......................................... 45 

.. 

Figure 2-6 Change rate of labour used in agricultural sector ........................................... 46 

Figure 2-7 Change rate of labour used in manufacturing sector .................................... 46 

Figure 2-8 Change rate of labour used in oil sector ...................... : ................................... 47 

Figure 2-9 The evolution of oil revenue and total real investment expenditure .................... 51 

Figure 6-1): The average and marginal productivity of labour input in the Libyan 

agrl·cultural sector. . ... .. . ...... ....... ... ... ....... ... . ... 176 . •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

XVIII 



Figure (6-2): The average and marginal productivity of capital input in the Libyan 

agricultural sector . ................................................................................................................ 176 

.Figure (6-3): The average and marginal productivity of labour input in the Libyan 

manufacturing sector during the period 1970-2008 . ........................................................... 189 

Figure (6-4): the average and marginal productivity of capital input in the Libyan 

manufacturing sector during the period 1970-2008 .............................................................. 189 

.Figure (7-1):The average and marginal productivity of capital input in the Libyan productive 

.sector during the period 1970-2008 . ..................................................................................... 205 

Figure (7-2): the average and marginal productivity of labour input in the Libyan productive 

.sector during the period 1970-2008 . ..................................................................................... 205 

Figure (7-3): Actual and Simulated series of the exogenous variables in the Libyan 

agricultural sector durin~ the period 1970-2008 ................................................................. 213 

Figure (7-4): Actual and Simulated series of the exogenous variables in the Libyan 

,nanufacturing sector during the period 1970-2008. .. ........................................................ 213 

Figure (7-5): Actual and Simulated series of the exogenous variables in the Libyan 

productive sectors during the period 1970-2008 ................................................................... 214 

XIX 



.Figure (7-6): Actual and Simulated series of the exogenous variable (1n Q) in the Libyan 

dgricultural sectors during the period 1970-2008 ................................................................. 218 

• 

.Figure (7-7): Actual and Simulated series of the endogenous variable ([nK) in the Libyan 

agricultural sectors during the period 1970-2008 .................................................................. 218 

Figure (7-8): ): Actual and Simulated series of the exogenous variable ([nL) in the Libyan 

' 

agricultural e sectors during the period 1970-2008 .............................................................. 219 

...Figure (7-9): ): Actual and Simulated series of the exogenous variable ([nQ) in the Libyan 
• 

17tanufacturing sectors during the period 1970-2008 . ........................................................... 219 

~igure (7-10).· Actual and Simulated series of the endogenous variable ([nK) in the Libyan 
• 

~anufacturing sector during the period 1970-2008 .............................................................. 220 
,,. 

• 

~igure (7-11): Actual and Simulated series of the endogenous variable ([nL) in the Libyan 

~anufacturing sectors during the period 1970-2008 . .................................. .' ........................ 220 

~igure (7-12): Actual and Simulated series of the exogenous variable (lnQ) in the Libyan 

..broductive sectors during the period 1970-2008. . .............................................................. 221 
, 

~igure (7-13): Actual and Simulated series of the endogenous variable (lnK) in the Libyan 

..broductive sectors during the period 1970-2008 . ................................................................. 221 

• 



.Figure (7-14): Actual and Simulated series of the endogenous variable (lnL) in the Libyan 

_productive sectors during the period }970~2008 ................................................................... 222 



• 

• 

CHAPTER ONE 

INTRODUCTION 

• 

1-1. Introduction: 
Like other oil rich countries in the Middle East and North Africa region, the Libyan 

economy is characterized by a high degree of dependence on crude oil exports as the 

main source of foreign exchange earnings (Wilkinson, 2002). The country has, since 

t 970, exerted notable efforts aimed at achieving economic diversification; these 

efforts have led to sustained investment especially in the non-oil productive sectors, 

such as the manufacturing and agriculture sectors (Abdulhamid, 2005). 

Since 1970 the main objective of Libyan economic development plans is to diversify 

the local economy and to improve the efficiency of the agriculture and manufacturing 

sectors, in order to find other sources of income rather than oil. Huge investment was 
• 

dedicated by the government during the period 1970-2008, in order to achieve high 

growth. However, directing a large amount of investment to these sectors did not lead 

to an improvement in their perforroance. The question this raises is what factors have 
' 

affected the performance of Libyan non-oil productive sectors. The answer is indeed 

not easy, since there are numerous and various forces interacting on economic growth. 

In classical economic theory, growth is detern1ined by the accun1ulation of 

capital, but it ignores the role of technical progress in achieving economic gro\Vth in 

the long-run. Neo-classical growth theory states that technical progress is considered 

to be exogenous, and is the main determinant of long-run growth, and this assumes 

the possibility of substitution off actor inputs (Sadeg, 1996). 
' 

1 

• 



However, many economists have not been satisfied with the exogenous nature of 

technical advancement, which is the major source of gro\Vth in the steady state in the 

Solow model. Among them, Schultz (1960), Arrow (1962), Becker (1964), Lucas 

(1988) and Romer (1990) who made technology endogenous by introducing 

knowledge or human capital in the production function along with physical capital. 

Ba1·row and Sala-i-Martin (1995) state that technical progress is endogenous; they 

assume there is no diminishing returns to capital, especially when capital input 

includes h11man capital, because there are positive externalities which. affect the 

productivity of labour, such as education, training, and research and development 

(R&D). 

There are many variables that can affect economic growth, among these variables are 

capital, labour, technical progress, and foreign direct investment, but to my 

knowledge, there has been no empirical study of detenninants of economic gro\Vth 

that has included all the variables. Most empirical studies mainly depend on labour, 

' 

capital and technical progress as determinants of economic growth ( e.g. Solow, 1957, 

Sapir, 1980). Neo-classical growth theory states that to have steady positive growth 

and a positive capital share, the elasticity of substitution between capital and labour 

must be equal to one, and technical change must be labour augmenting (Uzawa, 1961 

and Jones, 2004). This implies that the Cobb-Douglas production function should be 

adopted. 

On the other hand, capital and labour shares do not show a constant trend over time in 

the US economy, implying that the elasticity of substitution cannot be equal to one 

(Jalava et al, 2005). Duffy and Papageorgin (2000) dealt with a cross-section of 82 

countries and found that the elasticity of substitution is greater than one for developed 
• 

2 
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countries and less than one for developing countries, implying that the Cobb-Douglas 

(C-D) production function for1n is suitable for developing countries, while the 

Constant Elasticity of Substitution (CES) production function form is suitable for 

developed countries. 

This dispute has generated important question, which is whether the elasticity 

of substitution between capital and labour in the Libyan productive sectors is equal to 

one, and what form of production function best fits the production process of these 
• 

sectors. 

1-2. Research problem: 

To implement the diversification strategy, the Libyan goverrtment has directed a large 

proportion of investment to its agriculture and manufacturing sectors in order to find 

other sources of income apart from oil (Abdulhamid, 2005). The oil sector received 

only 4.9% of total investment on average during the period 1970-2008, while the 

other main productive sectors such as agriculture and manufacturing sectors received 

I 5.4% and 12% respectively (LSP•, 2007) during the sa1ne period. 

Theoretically, making large investments should lead to improvement in the 

perfonnance of the sectors. This has not been the case in Libya. The agriculture and 

manufacturing sectors contribution to GDP was 4.80 % and 4.40 % respectively on 

average during the same period (LSP, 2007). These percentages are very low 

compared with their large allocations of investment, which shows the ineffectiveness 

of investment in these sectors. Thus, economic gromh in these sectors needs to be 

analysed, and the factors affecting this gromh also need to be determined. This raises 

• 

• LSP = Libyan Secretariat of Planning 
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a number of questions, which this study will try to answer. Among these questions is 

which form of production function is more suitable to deal with the economic process 

in the Libyan non-oil productive sectors? 

J-3. Purposes of the study: 

The main purpose of this study is to present an analytical review of the role 

played by production factors, i.e. capital and labour, and by technical progress in the 

economic growth of the Libyan non-oil productive sectors during the period 1970-

2008. The Libyan economy is disaggregated into ten major sectors, namely; 

agriculture, forest and fishing; manufacturing; quarrying; electricity, gas and water; 

construction; trade, restaurants and hotels; transport, storage and transportation; 

finance, insurance and property; home ownership; and public services. The agriculture 

and manufacturing sectors have been selected as a case study in this work as examples 

of the productive sectors, because of the large amount of investment allocated to these 

areas. 

The two widely-used forms of the production function, Cobb-Douglas (C-D) 

and Constant Elasticity of Substitution _(CES) are estimated for agriculture and 

manufacturing sectors separately, and then for both sectors (combined to form one 

sector called the non-oil productive sector). Time-series of GDP, capital and labour of 

these sectors are used to examine different aspects of the two kinds of production 

function during the period 1970-2008. Statistical tests are used for selecting the best 

estimate, to analyse the contribution of capital and labour, and the role played by 

technical progress in economic growth. 

4 



This study does not limit itself to deter1nining the contribution of factor inputs 

and the role of technical progress. It also attempts to measure the elasticity of 

substitution between capital and labour in order to define the best fit production 

function for the Libyan productive sector. 

More practically, this thesis will answer the following research questions: 

· Firstly: Which fonn of production function is more suitable to explain the production 

process in the Libyan productive sectors, Cobb-Douglas or Constant Elasticity of 

Substitution? 

Secondly: What are the factor inputs which affected the output growth of the 

agriculture and manufacturing sectors during the period 1970-2008? 

Thirdly: What is the contribution made by technical progress to the growth of output 

in the Libyan productive (agricultural and manufacturing) sectors? 

Fourthly: What conclusions can be drawn and, consequently, what, if any, 

recommendations can be made? 

(1-4) Motivation and Contribution:-

From the middle of the 1980s until the present time, there have been 

nu111erous models that contrast with the neo-classical model, in which the factors that 

determine economic growth and the role of technical progress in the long-run are 

considered. 

During the last three decades there have been many studies on Libyan economic 

development (e.g. Fayad, 2000; Abdulha111id, 2005). However, these studies have left 

a lot of unanswered questions about the factors contributing towards Libyan economic 
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growth. None of the studies dealing with the Libyan economy have offered an 

explanation regarding the relationship between factor inputs and technical change on 

the one side, and economic growth on another side. 

The motive and importance of this study arises from two aspects. Firstly, the 

absence of a systematic analysis of Libyan economic growth along the lines proposed 

by neo-classical growth theory has been the primary motivation of this study. Many 

empirical studies have analysed the relationship between capital, labour and technical 

progress and economic growth in many parts of the world. However, this kind of 

study is rare in Libya. 

Secondly, this study is the first attempt to estimate and test various forms of C-D 

and CES production functions, in order to choose the best fit form of these functions, 

which can be used to analyse and determine the factors affecting economic growth in 

the Libyan productive sectors. The current study therefore is the first of its kind, 

according to the author's knowledge. 

1-5. Research Methodology: 

This research adopts a positivist approach and is based on quantitative data. The 

sources of information are bibliographical reviews, articles, periodicals, the internet, 

and theses regarding the research topic. It also involves published data which are 

obtained from government organizations such as the Ministry of Planning in Libya, 

the Libyan Central Bank, the UN, and the IMF. All the data is publicly accessible. 

The data period covers 1970 to 2008. The time-span is selected to cover all 
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. development plans that have been implemented by the current Libyan goverrunent to 

incorporate the impact of the structural economic changes on the productive sectors. 

The gro'Wth of output, driven by the gro'Wth of factor inputs and technical progress, 

has been chosen as the research aim in this study because of their importance to 

economic development. Interrelation between changes in production factors and 
• 

change in technical progress and their impact on growth of output are modelled and 

tested using econometric techniques. The method used in this study is consistent with 

previous studies in this field, especially with studies which have used both Cobb

Douglas (CD) and Constant Elasticity of Substitution (CES) implicated by neo

classical theory (e.g. Solow, 1957; Sadeg, 1996). This research follows the guidelines 

set up by the research ethics corrunittee of the University of Gloucestershire as 

specified in the Research Ethics Handbook. 

• 

The analytical elements of this study are carried out using the framework of neo

classical theory of the production function, with two homogenous factor inputs, i.e. 

capital and labour. The function must satisfy the conditions of monitonicity and 

concavity. The first condition, monitonicity, means that the marginal productivity of 

any factor input should be positive, while concavity means that the second partial 

derivative is less than or equal to zero. 

Both non-linear and linear techniques are used to estimate the two forms of 
• 

production function, i.e. Constant Elasticity of Substitution (CES) and Cobb-Douglas 

(C-D), in order to answer the first and second res~arch questions. Measuring the value 

of the elasticity of substitution between capital and labour is achieved through dealing 

with the estimated parameters of the CES production function. The Ordinary Least 
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Square (OLS) is adopted in estimating the production functions. There are several 

reasons for choosing the OLS. Firstly, the parameters obtained by OLS have some 

optimal properties, such as best, linearity and unbiased. Secondly, the computational 

procedure of OLS is fairly simple compared with other economics techniques, and the 

data requirements are not excessive. Thirdly, the OLS method has been used in a wide 

range of economic relationships with fairly satisfactory results (Koutsoyiannis, 1993 ). 

There are two ways to measure the contribution made by technical progress. These 

ways are: firstly, the indirect or non-pararnetric approach implying the methods of 

Solow (1957), Kendrick (1961) and Wan (1995). The second way is the direct approach 
• 

or the parametric approach, implying a constant and variant Hicks neutral technical 

progress method. The direct approach will be adopted in this study because it is the 

mostly common used according to previous studies (Sadeg, 1996). 

1-6. Data Collection a11d Issues: 
The data used in this study are the time series of Gross Domestic Product (GDP), 

net capital stock (K) and labour, in terms of the number of people employed, {L). The 

period 1970-2008 is covered by the study. This time series is chosen because it 

includes the results of all the development plans of the Libyan gover1unent to show 

their impact on the productive sectors. 

Some of these series, especially for net capital stock, are not readily available; 

therefore it is necessary to construct them. This .is not easy task for a developing 

country such as Libya, as the data are inadequate and incomplete. A series of net 

capital stock input was constructed using a perpetual inventory method which 

assumes that net capital stock in period ( t) is equal to the net capital stock in the 
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period (t -1) plus new investment value in the period (for more details see equation 

4-1). To construct the capital stock for the period of study starting from 1970, the 

depreciation value of 1969 is required; therefore, this value was obtained from the 

study of Abohobiel (1990). The main caveats of the data set are the inaccuracy of 

published data, as there is more than one source such as the Central Bank of Libya, 

General Authority for Information, as well as international sources such as Food and 
• 

' 

Agriculture Organisation (F AO) and the International Monetary Fund (IMF). But 

unfortunately, there was no consensus in the data for gross national product, the 

number of workers, and capital in these different data sources. 

Many political and structural factors generated instability in the Libyan economic 
• 

growth. Some of these factors have been taken in account by assuming dummy 

variables. These factors were particularly prevalent in the periods 1973-1974, which 

was the time of the Arab-Israel war; 1979-1980, which was the time of the Iranian 

crises, 1982, which was the time of the world recession; 1992-2002, which was the 

time of the economic blockade on Libya; and finally the period 2002-2008 which saw 

some major structural and management changes in the country. The last period also 

saw huge increases in the value of GDP; this increase was due to the surge in oil 

prices and also due to an increase in the quota of oil exports at that time. 

In addition to the above factors, one du11uny variable takes into account structural 

changes in the agricultural sector during the period 1993 to 1996. This structural 

change was due to the application of a three-year programme, which aimed at staging 

the liquidation of obligations on development projects and classifying them into 

essential and non-essential projects. Essential projects had to be implemented and 
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non-essential ones were either cancelled or converted to private sector activity. This 

followed the application of law 9/1992 which resulted in a significant decrease in 

actual expenditures of the development budget in the agricultural sector, which in tum 

resulted in a decrease in domestic agricultural output over the above mentioned period. 

Another problem facing the study was the lack of some necessary important data, 

such as the value of the actual expenditure on the productive sectors (investment in 

the productive sector) especially in the end of study period. However, those problems 

are not a sufficient reason for ignoring these variables in the estimation process. 

The year 1980 has been chosen as the base year in the time series of Gross Domestic 

Product and capital stock for several reasons, including: it is economically stable, and 

the year 1980 was characterized by a low rate of inflation. This year is also in the 

middle of the period covered by the study. The sources of the data are: the Libyan 

Ministry of Planning, the Libyan Ministry of the Economy; Libyan Central Bank; 

publications of the League of Arab States; publications of the IMF; and the Arab 

Organization for Agricultural Development. 

J-7. Theplan ofthestudy: 

This study has been divided into eight chapters as follows: 

Chapter one 

This chapter is an introductory one giving an overview of this piece of 

research, summarizing its aims and describing the research problem, the process of 

data gathering and the methods used to deal with these data. Types of data and their 

source are also outlined. 
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C~apter tw~ 
• 

This chapter represents a brief st1mmary of the Libyan economy for the period 

1970-2008. It provides the required background infor1nation on the perfor1nance of 

the Libyan economy in the period under consideration. This chapter also shows the 

development of the economic variants in the agriculture and manufacturing sectors. 

Some economic indicators of the Libyan productive (agriculture and manufacturing) 

sectors, such as their contribution towards Gross Domestic Product (GDP), capital 
• 
formation and the labour force in these sectors are analysed to evaluate their role in 

the Libyan economy and their contribution to economic activity. In addition, oil 

revenue and public expenditure and their impact on the growth of output in the Libyan 

productive sectors are also described. 

CJ:,apter th,:ee 

This chapter is devoted to theoretical reviews; in particular, the positive theory 

of long-run economic growth is reviewed. In this chapter, four main models following 

the classical model are discussed: the Harrod-Domar growth model, the neo-classical 

growth model, endogenous growth model, and the Club of Rome ( or the classical 
• 

theory of economic growth revisited). This chapter also defines the essence of the 

production function and its historical development. It also reviews the most important 

types of production function in economic literature. 

Chao..ter fpur 
a ~ • ¥ 

This chapter reviews some applied studies related to the two types of 

production function (Cobb-Douglas and Constant Elasticity of Substitution production 

function), which have been carried out in different parts of the world. Special 
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reference is made to some specific studies which focus on measuring the elasticity of 

substitution between capital and labour, in order to compare between the two kinds of 
• 

function. This chapter also discusses the measurement of production (Q), capital (K), 

and labour (L) used in the existing literature. The different methods used for 

measuring technical change are described . 

. Chapter fi.ve. 

This chapter is concerned with the methods and procedures which are adopted 

in this study. An econometric model for the Libyan economy is constructed in this 

chapter. This chapter also provides the growth accounting framework implicit in neo-

classical growth theory. 
• 

• 

Chapter six 

This chapter contains applications of the stationary test and co-integration test 

as a first step in the estimation process. The C-D and CES production functions in 
• 

their different for1ns are estimated for the agriculture and manufacturing sectors 

separately. This chapter also contains the measurement of average and marginal 

product with regard to labour and capital. The results of the estimation are outlined. 

~hapt~r.seve11 

The production functions (C-D and CES) of the Libyan productive sector (in 

this study a combination of the agricultural and manufacturing sectors) are estimated 

in this chapter on the basis of the annual data of the period stretching from 1970-2008. 

All the necessary statistical and empirical tests were carried out to deterrnine the 

average and marginal product of all the factors involved in the production process. 
" 
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Model validation, including model simulation using all necessary statistical tests, is 

presented. 

Chapter eight 

This chapter su1mnarizes all the empirical results reached in this study and 

makes recotrur1endations. 

This study contains two appendices including: appendix (A) for general basic 

data (data set of the model) and appendix (B) giving co-integration test results . 
• 

• 

' 
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CHAPTER TWO 

I 

An Overview of tl,e Libyan Economy 

2-1. Introduction: 
This chapter focuses on the role of two productive sectors (agriculture and . 

manufacturing sectors) in the Libyan economy through: 

_ The importance of the relative shares of these sectors in the Gross Domestic Product 

(GDP) of Libya. 

_ The importance of the two sectors in their absorption of labour force and creation of 

• • employment opportun1t1es. 

The purpose of this chapter is to give an overview of the Libyan economy and 

its composition during the study period, especially ter1ns of the productive sectors. All 

of these are discussed in the next section, 2-2. Section 2-3 outlines the importance of 

productive sectors in Libya and it contains sections 2-3-1 and 2-3-2 that describe the 
r 

sectors that have been selected for this study (agriculture and manufacturing sectors), 

in order to show their importance to the Libyan economy. Economic indicators of the 

agricultural and manufacturing sectors are discussed in section 2-4. Finally, section 2-

5 contains a summary of this chapter. 

2-2. T/1e structure of tl,e Libyan economy: 
Libya is located in the north of the African continent on the southern coast of 

the Mediterranean. It lies between longitude 9° and 25.9° east, and 18° and 33° north 

and longitude 18.45° south. It is bordered to north by the Mediterranean Sea. Its coast 

is 1900 km in length. It is one of the longest coastlines on the littoral of the 

Mediterranean. 
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Libya is bordered by Niger and Chad to the south, and to the east by Egypt and 

Sudan, and to the west by Tunisia and Algeria. The estimated total area of the country 

is about 1.77 million sqt1are kilometres, of which more than 90% are desert (Alidrissi, 

et al, 1996). The population of Libya according to the latest population census of 2006 

is about 5.657 million (LBC•, 2008). According to altitude above sea level, climate, 

soil quality, rainfall and vegetation, Libya is divided into five major ecological zones, 

namely: 

1) Coastal plain area 2) Northern mountains 

3) Southerly mountains 4) Semi-desert areas 

5) Desert areas 
• 

Climate in Libya is a mixture of Mediterranean and desert climate, the impact 

of the Mediterranean climate becomes less so further from the coast, where the desert 

climate prevails. Geographical variation is reflected in the differences in temperature, 
' 

whereby the bulk of the country is located in warn1 climate areas. In coastal areas, the 
I I 

climate is moderate with high humidity, with wind blowing through the su1nmer and 

autumn seasons. The average annual temperature is between 23-25C0 in coastal zones, 

25-28C0 in semi-desert areas, and more than 30C0 in desert areas. The average rainfall 

in coastal areas is between 150-400 mm I year and it may reach 600 1nm / year for the 

Green Mountain area which is in the east of the country. There is less rainfall further 

south from the coastal zone . 

• 

• LBC= Central Bank of Libya 
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In 1949 the United Nations voted to confer complete independence on Libya, 

which it attained on 24th December 1951 as the kingdom of Libya. Initially, the 

kingdom was federated with three provinces of equal weight and with their own 

regional centres of government. Later on, in 1963 the federal constitution of the 

country was amended by law No. 1 of that year and a unitary government established 

itself in Tripoli (Othman and Karl berg, 2007). Many political changes occurred after 

the 1st September 1969; Libya became a republican regime, followed by economic 

and social changes. The most important of these changes was the declaration of the 

Libyan Jamahiriya on 2nd March 1977. Jamahiriya, according to the Green Book by 

Gaddafi, means a self-governing people taking decisions through the people's 

congresses. 

The system of government is public and calls for the exercise of power 

through the people's congresses, which are open to all Libyans over 18 years old. 

People's Congresses elect members who represent their local area. These members sit 

on the General People's Congress, which is the highest legislative body in the country. 

The General People's Congress has the authority to consider general policy plans and 

their implementation. However, it is subject to the advice of the General People's 

Committee and the supervision of the general secretary and General Secretariat, 

which make the final decisions. The political environment in Libya is very important 

and has an influential role in economic activities, this is clear from the dominance of 

the public sector of economic activity in Libya, and the relative paucity of the role of 

system is laid out in Green Book. 

16 



The public sector in Libya dominated the management and conduct of 

economic activity from the beginning of the revolution until 1977. The public sector 

played the dominant role in economic activity due to the government's ownership of 

oil resources and control over their production. In 1977, with the emergence of the 

Third World Theory advocated by Gaddafi, · slogans such as ''partners not wage

workers'' became institutionalized. The maxim was a starting point for a socialist 

system calling for the participation of all members of the community in sharing the 

benefits of the economy. In March 1981 all private retail licenses were officially 

suspended, although this law was never fully implemented. However, by the end of 

the sa1ne decade, Gaddafi had changed course and was publicly proclaiming the 

benefits of a rapid expansion in private enterprise (Alidrissi, et al, 1996). On this basis, 

small firms were established, which were natned Tasharukeyat. 

The trend towards privatization began with the passing of a number of laws 

that enabled private enterprise to enter a range of economic activities. Law No. 9, 

concerning the conduct of economic activities, was issued in 1992, and as a result 

thousand of companies were established, and the ''Tasharukeya'' exercise established 

various new economic activities (Othman and Karlberg, 2007). The privatization 

process in Libya was given the task of ''expanding the base of ownership''. Libya 

started to make up for the years of state control by freeing up its highly centralized 

economy. The governrnent officially declared itself to be unnecessary for economic 

activity, and the process of reducing the role of the public sector and developing the 

private sector began. The gover1unent was keen to develop and diversify the economy 

in order to reduce its dependence on non-renewable oil resources, and to export a 

wider range of products. 

• 
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Economically, Libya used to be one of the poorest countries in the world; its 

per capita income in 1950 did not exceed 50 dollars per year (Boalghemh and 

Aelkeziri, 1995). The Libyan economy before the discovery of oil depended entirely 
• 

on agriculture, it was the economic pillar of the country at that time with more than 

70% of the population working in the sector (Alarbah, 1996), and there was no 

industry except some simple traditional industries that did not have a significant role 

in the national economy. 

This situation continued until the discovery of oil in 1958. The relative prosperity 

created by an increase of the money spent by companies on exploration and 

prospecting in the country brought a great change in national income. The rate of oil 

production developed quickly, which enabled the country to export more. The 

estimated daily production rate was about 18,000 barrels a day in 1961, which 

increased to 1.2 million barrels a day in 1965 (Boalghemh and Aelkeziri, 1995). 

.. 

However, the oil production declined after 1970, this was because of application of 

regulations to preserve the oil wealth from depletion, in order to have greater returns 

in the long terrn and also because high prices of oil in 1973 which led some countries 

including Libya to reduce their consurnption of oil and move to other resources 

(Boalghemh and Aelkeziri, 1995). 

Theoretically, improvement of oil revenues should lead to an improvement in 

the performance of other productive sectors. This was not the case in Libya ( Otman 

and Karlberg, 2007). The contribution of agriculture to GDP fluctuated from 13.5% in 

• 
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1962• to 2.6% in 1970 and 2.2% in 1980 and then 5.9% in 1990 and 1.9% in 2008. 

Table 2-1 shows the evolution of the contribution of each sector to total output of the 

country during the period 1970-2008. 

Table 2-1 

Share of economic sectors in GDP at constant prices of 1980 during the period 1970-
2008 

LD d t t I • -Values in million . . an a cons an r:Jr1ce. 

S ctor/ year 1970 1980 
e Q %of Q %of 

GDP GDP 

Agriculture 86.6 2.6 2.2 

1990 
Q % 

of 
GDP 
5.9 

1995 
Q %of 

GDP 

196.7 8.7 

2000 
Q 

222.2 

%of 
GDP 

8.1 

-..... Manufacturing 58.9 1.7 

402.1 11.9 

236.4 
210.4 
940.8 

2.0 
9.0 

250.9 
237.8 
596.5 

5.6 156.6 6.9 150.1 5.5 
13.9 364.6 16.2 411.4 IS.I 

General 
~~rvices(includes 

education_ and 
health 

• 

2008 
Q o/oin 

GD 
p 

313.3 1.9 
735.9 4.5 

---- ices 20.9 0.6 4 7 .4 0.4 90.5 2.1 73. 7 3.3 62.4 2.3 
'- - O ther~~[" 2128 63.1 6525.7 61.8 1685. 39.3 712.3 31.7 1027.9 37.8 11491 70 

~ ------::'.=:-t-~~TW.112IDTl:ITTnll9W.IUil745.:ft3:LllR4IT-t111t-....:.·3:::--t--1 ------........ t 675.9 20.1 2593.5 24.6 1115. 26 745.3 33.1 845.1 31.1 
Other sec ors 1 

3372.5 100 10553.8 100 4286.3 100 2249.2 100 2719.2 100 
), Economic and Social 

d. ators Table (6), (7) and (9), pp 46-48. 
In 1~ The Libyan Central Bank. Annual report number 41. Financial year 1997. Table (14) 37. 

• The Libyan Central Bank. Economic Bulletin in 2008. 

In addition, the contribution of the manufacturing sector to GDP fluctuated from 2.6% 

in 1965• to 1.7 % in 1970 and from 5.6 % in 1990 to 4.5 % in 2008 . 
• 

From 1970 the Libyan government d~veloped plans aimed at improving the 

economic situation of the country, and specifically diversifying of income sources, 

and a reduced reliance on oil. Food security was one of the moral imperatives for 

Libyan planners. Huge efforts were expended to achieve this goal (Othman and 

Karlberg, 2007). 

' 
C 7 

- the figures in the period 1962-1969 see a table ( 7) and (9) in the Source of The Libyan General Secretariat of 
• for. (l997) Economic and Social Indicators. 
p1ann1ng ' 
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Toe government directed most investment to the productive sectors, such as the 

agriculture and industrial sectors, in order to achieve the following objectives1
: 

1) To enable the growth rate in GDP to exceed the growth rate in population, and 

then to increase the growth rate of per capita income. 

2) To diversify sources of national income and to reduce dependence on oil as a 

major source of income. 

3) To provide employment opportunities for domestic workers. 

4) To increase the efficiency of public services and basic industries, and to encourage 

the economic and social development process. 

2-3. Tlte importance of the productive sectors to Libya: 

The importance of the productive sectors to Libya derives from the interest of 

development planners and the country as a whole in those sectors. These sectors have 

received extraordinary attention since the early 1970s up to this moment, represented 

by the allocation of large amounts of investments in development plans and budgets. 

After the export of oil began in 1961 Libya, gradually increased its production, and oil 

revenue became the main source of financing the country's economic activities. The 

government has always sought to find an alternative source of revenue, in order to 

diversify its income, and reduce the reliance of the national economy on importing 

most of its goods from abroad. 

Since 1961, the government has carried out three economic and social 

development pians, namely: the three-year plan of economic and social development 

1 Secretariat of Infonnation and Culture, 'Libya's revolution in 30 years, shifts of political, economic 
and social', p. 253. 
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1973-1975; and the plans of economic and social transfonnation 1976-1980, and 

1981-1985. Through these plans the government directed a significant proportion of 

investment into the productiv~ sectors, especially agriculture and manufacturing. 

When the country allocated its annual development budgets, the lion's share of 

investments over this period were always to these sectors. 

However, observers of the evolution of the Libyan economy have noted that 

the contribution of the productive sectors to GDP, especially the agriculture and 

manufacturing sectors, is still modest and not comtnensurate with the enonnous 

development in oil revenues and the investment spent on these sectors (GSP, 1997) . 
• 

This has raised some questions about the factors affecting the growth of productive 

sectors, as well as the economic policies that need to be followed to increase the 

production in these sectors. 

2_3_J. Tl,e importance of agriculture to Libyan economic structure: 

The importance of agriculture historically comes from it being one of the most 

important economic activities in any community, whether in primitive or advanced 

societies. Agricultural activity is the first and most important source of human food, 

as well as the raw materials necessary for many different industries . 

• 

In addition, work in agriculture provides employment opportunities for 

always been interested in advancing 

of crops produced. • 
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Libya like most countries needs to develop its agricultural sector, in order to 

diversify its source of economic income. This reduces the country's dependence on 

one sector, which is the oil sector. 

Toe Libyan government during the transformation plan 1973-1975 aimed to 

achieve self-sufficiency in the materials necessary to meet local food production 

needs; in this plan LD555 million were allocated to the agricultural sector, which was 

25% of the total development budget at that time, amounting to LD2203. • 

The economic and social transfor1nation plan during the years 1976-1980 
• 

allocated LD 1703.2 million to the agriculture sector. The plan aimed to achieve a 

growth rate equal to 15.1% of real output. However, this was not the case as the 

sector achieved a growth rate of only 4%. The plan aimed to increase the contribution 

of agriculture to GDP from 2.1% to 2.6%. However, this was not achieved either, as 

the contribution of agriculture to GDP fell to 1.9% (GSP, 1996)• 

The economic and social transfonnation plan for the years 1981-1985 aimed to 

increase local agricultural production in order to reduce the amount of food imports. 

The agriculture sector received LD1494.l million, a sum equal to 16% of total 

investment expenditure for that plan. The economic plan of 1991-1995 was especially 

targeted at the agriculture sector. The agriculture sector received LD480.2 million, 

and LD 1 o million was allocated to a project that used river water to reclaim arable 

land . 

• GSP== General Secretariat of Planning 
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In the period 1970-2008 · agriculture was a priority sector for economic 

planners. It received about 17% of total investment expenditure. As a result, 

agriculture output at constant prices increased from LD86.6 million in 1970 to 

LD2 l 7.S in 1985 because of huge allocation directed to these sectors, and it increased 

from LD217.l million in 1999 to LD313 .3 million in 2008. The contribution of 

agriculture to GDP moved from 2.6% in 1970 to 11 % in 1998, which was its peak, 

and fall again to 1.9 % in 2008. In spite of the considerable investment directed to 

this sector, its contribution to the GDP was low over the period of study, never 

exceeding 11 %. This reduction in the relative importance of agriculture to gross 

domestic product (GDP) was due to the fluctuations in oil output value during the 

same period. 

Table 2-2 and figure 2-1 show the contribution of agriculture to GDP during 

the period 1970-2008. Figure 2-2 shows the changing rate of agricultural output 

during the same period. Agriculture and manufacturing contribute significantly less 

than the oil and service sectors to overall GDP, in terms of their contribution to gross 

domestic product (see table 2-1). The public service and trade sectors rank second and 

third respectively, after the oil sector, since the public service sector is the main 

employer of labour in the economy. The manufacturing and agriculture sectors rank 

fourth and fifth respectively, while the construction sector ranks in sixth place. 
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Table 2-2 

Tl,e contribution of agriculture to GDP and its annual growth rate during tl,e 

period 1970-2008 

1· LD t I t i Value In mil ion a cons an rJI', ces 
Agricultural GDP year Agricultural to Change rate 

GDP o/o of agricultural 
GDP value GDP 

1970 86.6 3372.5 2.6 -
1971 67.2 3231.2 2.1 -22 

1972 94.2 3786.2 2.5 40 

1973 135.7 4937.8 2.7 44 

1974 138.2 8110.5 1 .7 2 
167.5 7422.8 ' 2.3 1975 21 

1976 184.6 8829.8 2.1 10 

1977 147.5 9201 .1 1.6 -20 

1978 178.2 8023.5 2.2 21 

1979 166.7 9029.7 1.9 -6 

1980 236.4 10553.8 2.2 42 

1981 264.1 8493. l 3.1 12 

1982 246.5 7706.9 3.2 -7 

1983 236.5 6644.6 3.6 -4 

1984 224.1 5416.2 4.1 -5 
1985 217.5 4991.8 4.4 -3 

1986 236.7 4283.5 5.5 8 

1987 242.5 3544.6 6.8 2 

1988 242.0 3536.9 6.8 -0.2 

1989 248.3 4060.4 6.1 3 

1990 251.0 4286.3 5.9 1 

1991 252.3 4073.2 6.2 0.5 

1992 254.9 3734.6 6.8 1 

1993 239.0 3080.8 7.8 -6 

1994 218.1 2547.6 8.6 -9 

1995 196.7 2249.2 8.7 -10 

1996 188.7 2164.6 8.7 -4 

1997 185.4 2019.4 9.2 -2 

1998 237.1 2144.7 11 27 

1999 217.1 2107.1 10.4 -8 

2000 222.2 2719.2 8.2 2 

2001 235.5 3059. 1 7.6 6 

2002 253.1 4861.9 5.2 7 

2003 263.6 7157.2 4.3 4 

2004 282.2 9432.4 3.5 7 

2005 298.9 12779 2.8 6 

2006 316.6 15554.9 2.0 6 

2007 332.5 15577.7 2.1 5 

2008 313.3 16392 1.9 -5.8 

r1erlod Avera~e 0,1." annual rowtl, rate 

1970-1995 5% 

1996-2008 3.9% 
• • source: calculated from tables 1 and 8 m appendices 

• 
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Figure (2-1) : Agricultural GDP compared with the GDP value during the period 

1970-2008 
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Figure (2-2): The changing rate of agricultural GDP during the period 1970-2008 
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2-3-2. Definition of manufacturing industries in Libya: 

Manufacturing industries are industries based on agricultural materials or raw 
• 

materials, whether metallic minerals or non-metallic minerals. The most important 

characteristic of manufacturing industries to the Libyan economy is the possibility 

they provide to participate in foreign trade. The manufacturing sector in Libya is 

divided into two main indust~es, namely heavy and light industry. According to the 
• 

classification of products, light industries are usually those which produce consumer 

products, and heavy industries are those which produce investment goods (Al arbah, 

1996). 

The structure of manufacturing industries in Libya is divided into six groups, 

which are: 

, I.The food industry including mills, feed, dairy, vegetables, canned fruits, bread, 

sweets, soft drinks, and tobacco. 

2. The manufacture ofyar11 and fabric, leather, furniture and paper, including 

clothing, textiles, shoes, bags, home and office furniture, paper products, 

bandages and cotton wool. 

3. Chemical industries including batteries, tyres, soap, cleaning materials, 

various plastic products, paints, sponges and various industrial and medical 

gases. 

4. The cement industry and construction materials, including cement and lime, 

plastic pipes and tiles, glass and ceramics. 

s. The main metallurgic industries including iron and steel products such as 

rolls and iron bars. 
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6. Engineering and electrical industries including tractors, trailers, buses, iron and 

al1Jminium tubes, refrigerators and stoves, bicycles, electric wire and equipment, 

video recording equipment and audio-visual technology, and computers . 

Economic development policy in Libya started at the beginning of the 

seventies, and aimed to give greater importance to the manufacturing sector to play its 

role in terms of reducing reliance on oil as a source of income. It also aimed to reduce 

reliance on the importation of goods from abroad. To achieve this aim, Libya 

increased in spending on the manufacturing sector, which was reflected in a number 

of economic projects. Increased attention was to give the manufacturing sector 

through the allocations during the period 1970-2008. 

Despite the huge investment dedicated to the manufacturing sector, the main aim 

was not achieved, which was to find alternative sources to generate foreign currency. 

Furthermore, despite the construction of an appropriate industrial base, sales of 

industrial production were mostly confined to the local market (Al arbah, 1996). 

2-3-2--1. Evolution of the contribution of tl,e manufacturing ind11stries GDP: 

Table 2-3 and Figure 2-3 show the evolution of the real value of industrial GDP 

and its percentage of GDP. Illustrated by the figures are the following observations:-

1- Real value of industrial output at constant prices of 1980 increased from 

LD58.9 million in 1970 to LD735.9 million in 2008, approximating to a 

twelve-fold increase. Despite this increase in real output of the manufacturing 

sector, which seems high, its contribution to GDP during the same period did 

not exceed 7. 7%. 

27 



2- The disproportionate percentage of the contribution of manufacturing to GDP, 

despite huge investment in the sector, can be traced to the decline in average 

labour productivity, which can be attributed to several factors, including 

problems resulting from the lack of spare parts and raw materials, in addition 

to a lack of manpower with technical skills. 

3 .. The relative importance of the manufacturing sector to GDP increased from 

1.7% in 1970, reaching its highest value in 1993 at 7.7%, and then dropping to 

around 4.5% in 2008. This increase in the relative importance of the 

manufacturing sector cannot be attributed to an increase in industrial 

production, but is due to a reduction in the relative importance of the oil sector, 

especially in the period 1982-2001, which can be attributed to the important 

changes in the international oil market and the consequent negative effects on 

the income of Petroleum Exporting Countries. 

• 

4.. There were some fluctuations in the figures for manufacturing output. Its value 

increased during the period 1970--1990; this reflects the country's interest in 

this sector in that time. But the value of manufacturing output was decreased 

during the period of economic blockades, this was because the reduction in oil 

revenues resulting a decline in manufacturing's share to GDP. The value of 

manufacturing output increased during the period 2001-2008 and this is due to 

several causes, including rising oil prices and an increase in the quota of the 

OPEC oil export tertninal (LCB, 2010). 

' 

Figure 2-4 shows the changing rate in real output in the manufacturing sector 

during the period 1970 - 2008. 
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Table 2-3 
Manufacturing GDP and its share of GDP during the period 1970-2008 

Value in Million L.D at constant ~rices "1980==JOOJ 
year Industrial GDP GDP value Industrial GDP Annual growth Annual growth 

ofGDP% rate of rate of the real 
manufacturing GDP 

GDP 
1970 • 58.9 3372.5 1.7 • -
1971 49.9 3231.2 1 .5 -15 -4 
1972 69.1 3786.2 1.8 38 17 
1973 99.1 4937.8 2 43 30 
1974 117.5 8110.5 1.5 18 64 
1975 132.3 7422.8 1.8 12 -8 
1976 167.8 8829.8 1.9 26 19 
1977 204.4 9201.l 2.2 22 4 
1978 217.1 8023.5 2.7 6 -13 
1979 220.7 9029.7 2.4 2 12 
1980 210.4 10553.8 2.0 -S 16 
1981 243.6 8493.l 2.9 16 -19 
1982 229.3 7706.9 3.0 -6 -9 
1983 256.9 6644.6 3.9 12 -13 
1984 250.6 5416.2 4.6 -2 -18 
1985 268.1 4991.8 5.4 7 -8 
1986 221.3 4283.5 5.2 -17 -14 
1987 197.2 . 3544.6 5.6 -10 -17 
1988 227.1 3536.9 6.4 15 -0.2 
1989 232.8 4060.4 5.7 3 14 
1990 237.8 4286.3 5.6 2 s 
1991 221.4 4073.2 S.4 -7 -s 
1992 224.5 3734.6 6.0 1 -8 
1993 236.0 3080.8 7.7 5 -17 
1994 159.1 2547.6 6.3 -32 -17 
1995 156.6 2249.2 7.0 -2 -11 
1996 123.4 2164.6 5.7 -21 -4 
1997 119.8 2019.4 5.9 -3 -7 
1998 132.5 2144.7 6.2 10 6 
1999 129.2 2107. l 6.1 -2 -2 
2000 150.l 2719.2 s.s 16 29 

' 148.S 3059. l 4.8 -1.0 2001 12 
2002 152.5 4861.9 3.1 2.6 59 
2003 146.4 7157.2 2.0 -4 47 
2004 149.2 9432.4 1.5 1.9 32 
2005 153.6 12779.0 1.2 2.9 35 
2006 155.4 15554.9 0.9 1.1 21 
2007 142.2 15577.7 0.9 -8.4 0.1 
2008 127.5 16392.0 0.7 -10 5 

r:,eriod Average of annual rowt/1 rate 

1970-1985 11.6% 

1986-2008 6.1% 
• • • Source: this table was calculated from table A(2) 1n the appendices . 

• 

• 
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2-4. Economic indicators of tlie agriculture and manufacturing sectors in tl,e 

Libyan economy: 

The purpose of this section is to provide an overview of the Libyan economy, 

in order to carry out analysis of economic growth in the Libyan productive sectors 

over the period covered. 

The growth of Gross Domestic Product (GDP) is discussed in section 2-4-1. 

Section 2-4-2 describes real capital fortnation and its role in the Libyan economy. The 

population structure is discussed in section 2-4-3 the impact of oil revenues on the 

Libyan economy and the impact of public expenditure on the productive sectors are 

provided in sections 2-4-4 and 2-4-5 respectively. Finally, a summary of this chapter 

is outlined in section 2-5. 

2-4-1. Growtl, of Gross Domestic product (GDP): 

The annual growth performance data of the agriculture, manufacturing and oil 

sectors are presented in tables 2-2, 2-3 and table AS in the appendices, respectively. 

The annual growth rates of the GDP for the whole economy were calculated at 

constant prices. From table 2-3 it can be seen that the highest annual growth rate of 

GDP amounted 64% in 1974 and the lowest amounted -19% in 1981. The explicit 

fluctuation in the growth rate of GDP is due to changes in international oil markets. 

The oil price increased sharply during 1973-1974 and 1979-1980, as a result of the 

Arab-Israel war and the Iranian crises respectively. Negative growth of GDP during 

the eighties and nineties period was due to the international oil price crisis in the 

eighties, as well as being due to some political and economic problems faced by the 

country, such as the economic blockade . 

31 



.. 

I 

It can be seen from table 2-2 that the growth rate agricultural GDP as a 

proportion of GDP for the whole economy ,during the period 1970-1995 was much 

higher than in the period 1996-2008. This indicates that Libya gave greater attention 

to the productive sectors in the first period which called the development plan periods, 

than the second one. 

Toe growth rate of GDP in the manufacturing sector during the period 1970-

1985 was much higher than in the period 1986-2008. However, the growth rate of oil 

GDP in the same.period was 4.7%, and 12.So/o in the period 1986-2008, and this was 

higher than the growth rates of the agriculture and industry sectors, (see table AS in 

appendices). ~e increase in the growth rate of oil GDP during the period 2002-2008 

was due to two reasons: Firstly, an increase in international oil prices; secondly, an 

increase in the share of Libya's oil production, which increased from 1.2 million 

barrels a day to 1.8 million barrels in 2008 (LCB, 2010). 

2-4-2. Capita/formation and its role in tl,e Libyan economy: 

In every nation constant capital formation plays a vital role in economic 

development and achieving growth in the economy and productivity. Capital 

fonnation also influences economic growth even with a limited supply of labour. It is 

not only important as aggregate level, but cross all different sectors. 

Table 2-4 shows the evolution of the real fixed capital fonnation of the 

agriculture and manufacturing sectors and their percentage of the gross fixed capital 

fonnation of the whole economy. From the table can be seen that:-

32 
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1) Total real fixed capital fonnation in agriculture and manufacturing industries 

amounted to LD4883.4 and LD4411.4 million respectively at 1980 prices. 

Over the period 1970-2005, these investments accounted for about 12.5% and 

12% respectively of the real total fixed capital forn1ation in the economy, 

which is equal to about LD39123.6 million . 
.. 

2) The data in Table 2-4 refer to increasing proportion of the real fixed capital 

fonnation in the agriculture and manufacturing sectors to the total fixed capital 

formation during the period 1970-2005. The table also refers to the increasing 

proportion of fixed capital formation in the agriculture and manufacturing 

sectors compared with the proportion of fixed capital formation in the oil 

sector during the same period, which amounted on average to 8% of gross 

fixed capital for1nation. This also indicates that Libya gave a high level of 

attention to the productive sectors. The average of annual growth rate of 

capital fixed formation over the period 1970-1995 in the agriculture sector was 

equal to 28.8%, while over the period 1996-2005 it was equal to 9.3%, and in 

the manufacturing sector it was equal to 21.6% during the period 1970-1985, 

while it was equal to 14.5% during the period 1986-2005. 

3) Clear fluctuation was also noted from the table 2-4 in annual gro'Wth rates of 

fixed capital fonnation for the whole economy, this is due to several reasons, 

including:-

• Some political and economic crises suffered by the Libyan economy, such as 

the economic blockade during the period 1992-2002, which had a negative 

impact on the whole economy and in particular on the productive sectors, 
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which depended entirely on the import of investment and semi-manufactured 

goods from abroad. 

• The decrease in oil prices during the eighties also had a negative impact on 

total expenditure, especially on investment expenditure. 
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Table 2-4 

The capital fixed formation In Agriculture, Manufacturing and Oil sectors and tl,eir share 
of total capitalftxedformat/on during tl,e period 1970-2008. 

Value In million LDs At constant ,rices 1'198fp.J0~1 

%in Growth rate of CFF '¼in Growth 
year CFFin %in Growth CFFin 

Agriculture TCFF rateofCFF Manufacturing TCFF CFFin In Oil TCFF rate of 
sector in sector Manufacturing sector CFFin 

agriculture oil 

1970 30.4 5 - 24.6 4 - 243.S 38 -
1971 68.4 12 125 62.1 10 152 58.0 10 -76 

1972 81.9 9 49 118.6 12.5 90 63.7 7 10 

1973 179.6 • 12 119 170.0 12 43 73.1 5 15 

1974 329.3 16 83 272.0 13 60 47.2 2 .. 35 

1975 302.8 14 -8 245.5 11 -10 52.7 2 12 

1976 316.5 14 4.5 317.0 14 29 44.8 2 •15 

1977 308.8 14 -2 269.8 12 -15 74.4 3 66 

1978 317.S 14 3 238.2 11 -12 144.7 6 94 

1979 278.l 12 -12 320.4 14 34 103.8 4 -28 

1980 336.4 12 21 429.1 15 34 171.7 6 65 

1981 338.1 13 0.5 481.S 19 12 150.2 6 -12 

1982 204.9 8.S -39 300.3 12 -37 127.4 s -15 

1983 162.6 8 -20 311.3 16 4 256.0 13 100 

1984 132.1 9 -18 290.1 19 -7 119.2 8 -53 

1985 76.6 8 -42 136.7 14 -52 92.7 9 -22 

1986 50.6 6 -33 109.8 13 -20 88.1 10 -5 

1987 42.2 1.S -16 79.6 14 -27 86.2 15 -2 

1988 41.1 7 -2.6 90.8 15 14 83.8 14 ·2 
63.7 10 54 46.S 7 -48 104.7 16 1989 2S 

1990 90.S 1S 42 22.8 4 -SO 125.1 21 19 

1991 14.0 3 -84 17.5 4 -23 92.4 19 -26 

1992 34.4 8 145 27.3 7 56 98.9 24 7 
175.8 34 411 41.3 8 51 136.9 27 1993 38 

1994 108.0 25 -38 45.2 10 9 96.2 22 -29 

1995 84.7 32 -21 34.2 13 -24 32.S 12 -66 

1996 76.6 26 -9 53.0 18 ss 19.2 6 -40 

1997 95.0 38 24 12.1 5 -77 18.6 7 -3 

1998 58.8 25 -38 22.3 9 84 39.8 17 113 
38.5 16 -34 14.0 6 -37 44.6 19 

1999 12 

2000 78.S 22 103 6.2 2 -ss 30.9 9 -30 
81.0 22 3 6.4 2 3 33.8 9 

2001 9 
15 93.5 14 32.7 5 410 65.7 10 2002 94 

57.9 9 -38 28.2 4 -13 73.8 11 2003 12 
49.5 6 •14 34.S 4 22 90.6 11 2004 22 

200s 85.1 9 72 33.3 4 -3 115.4 12 27 
217.1 111.9 2006 

2007 222.3 113.6 

223.1 113 
2008 

sedots 
period Average of annual growth rate 

1970-1995 28.B¾ .,Agriculture 
1996-2005 9.3¾ 

~ 

Industry 
1970-1985 
1986-2005 
1970-1985 

Oil 
1986-2005 

• a3 calculated b the re3earch o • Source. this table w . ~ fr m table 7 In appendices. 
CFF• Capital Fixed Formation. 
TCFF- Total Capital Fixed Formation. 

21.6'¼ 
14.5% 

7¾ 
8.75¾ 

TCFF 

635.3 
586.4 
942.8 
1439.4 
2092.7 
2130.7 
2270.2 
2243.1 
2236.5 
2322.2 
2756.8 
2567.9 
2391.3 
1970.6 
1476.5 
990.S 
846.7 
560.1 
600.2 
653.2 
590.0 
481.1 
407.7 
S06.9 
427.4 
262.3 
288.0 
246.S 

231.S 
230.0 
352.0 
36S.2 
671.6 
638.l 
781.9 
924.4 
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Growth 
rate of 
CFFin 

agriculture 

-
-7.6 
60.7 
S2.6 
4S.3 
1.8 
6.5 
-1.l 
-0.2 
3.8 
18.7 
-6.8 
-6.8 
-17.5 
-25.0 
-32.9 
-14.5 
-33.8 

7.1 
8.8 
--9.6 
-18.4 
-1S.2 
24.3 
-15.6 
-38.6 
9.7 

•14.4 
-3.6 
-3.15 
S3.0 
3.7 
83.8 
-4.9 
22.5 
18.2 



• 

2-4-3. TJ,e population structure in Libya: 

Toe results of the censuses conducted during the period covered by this study 

refer to the fact that the population increased from 1.963 million people in 1970 to 

3.642 million people in the year 1984, and reached 4.799 million in 1995, and 5.6577 

million people in 2006 (LBC•, 2008). Thus, the net annual growth rate of population 

achieved during the period 1970-1984 was 4.21%, which then decreased in the period 

1984-1995, to reach about 2.86%. Further data show that the net annual growth rate of 

the population continued to decline, to become about 1.83% during the period 1995-

2006. 

Toe reasons for the decline in the population growth rate can be attributed to 

the fallowing main factors (Othman and Karl berg, 2007) 

_ Increase in the average age of first marriage within the period 1970-1984 from 25 to 

32 years for males, and from 19 to 23 for females. 

_ Decrease of fertility level, as indicated by average children per single Libyan women 

of child-bearing age (15-49 years) . 

• Increase in the rate of Libyan women participating in economic and social activities. 

- Increase in the rate off emales aged between 15 and 24 years participating in 

education and also advances in education for the population in general . 

• 

In the period 1970-1983 the Libyan population grew very fast, this was 
• 

because of an increase of non-Libyan nationals, who increased by 18% on average 

during the above period, while the Libyan population increased by 4 % on average in 

the same period. The strong increase in the non-Libyan population was because of the 

• 

• LBC= the Libyan Central Bank. 
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discovery and export of oil in the early l 970s (Othman and Karlberg, 2007). However, 

' 

for the period 1984-1995 the gro\\ith rate of the non-Libyan population decreased to -

0.1 % until Libya opened its borders to Arabs and Africans by cancellation of the 

requirement for entry visas. The result was that the size Of the non•Libyan population 

doubled again. 

• 

, 

• 

• 

• 37 

• 



• 

• Table 2-5 

Distribution of population (Libyan & non-Libyan) and their growth rates during the period 
1970-2008. 

Numbers in thousands 
year Size of population Growth rate of population Percentage of total 

( in thousands of people) % population 
% 

Libyan Non- Total Libyan Non- Total Libyan Non- total 
Libvan Libvan Lib an 

1970 1879.0 84.0 1963.0 4.2 29.2 5.0 95.7 4.3 100 

1971 1935.1 109.0 2044.1 3.0 29.8 4.1 94.7 5.3 100 

1972 1992.9 137.3 2130.2 3.0 26.0 4.2 93.6 6.4 100 

1973 2052.4 196.9 2249.3 3.0 43.4 5.6 91.2 8.8 100 

1974 2128.8 283.3 2422.1 4.2 43.9 7.7 88.5 11.7 100 

1975 2228.9 366.6 2595.5 4.2 29.4 7.2 85.9 14.1 100 

1976 2322.8 433.6 2756.4 4.2 18.3 6.2 84.3 15.7 100 

1977 2420.6 439.5 2860.1 4.2 1.4 3.8 84.6 15.4 100 

1978 2522.6 416.5 2939.1 4.2 -5.2 2.8 85.8 14.2 100 

1979 2628.8 428.0 3056.8 4.2 2.8 4.0 86.0 14.0 100 
441.2 3180.8 4.2 3. 1 

1980 2739.6 4.1 86.1 13.9 100 
580.0 3435.0 3.9 31.5 1981 2855.0 8.0 83.1 16.9 100 
680.0 3655.2 4.2 17.2 1982 2975.2 6.4 81.4 18.6 100 

1983 3100.5 760.0 3860.5 4.2 11.8 5.6 80.3 19.7 100 
411.5 3642.6 4.2 -45.9 

1984 3231 .. 1 -5.6 88.7 11.3 100 

1985 3322.8 295.0 3617.8 2.8 -28.3 -0.7 91.8 8.2 100 
245.1 3662.0 2.8 -17.0 

1986 3416.9 1.2 93.3 6.7 100 
423.2 3937.0 2.8 72.7 

1987 3513.8 7.5 89.3 10.7 100 
436.6 4050.0 2.8 3.2 2.9 89.2 

1988 3613.4 10.8 100 
599.6 4315.5 2.8 37.3 6.6 86.1 13.9 

1989 3715.9 100 
703.7 4525.0 2.8 17.4 4.9 84.4 15.5 

1990 3821.3 100 
3929.6 796.4 4726.0 2.8 13.2 4.4 83.1 16.8 

1991 
100 

907.9 4949.0 2.8 14.0 4.7 81.7 18.3 
1992 4041.1 100 

886.8 5042.5 2.8 -2.3 1.9 82.4 17.6 
1993 4155.7 100 

600.0 4873.5 2.8 -32.3 3.4 87.7 12.3 
1994 4273.5 100 

4389.7 409.3 4799.0 2.7 -31.8 -1 .5 91.5 8.5 
1995 100 

4519.4 500.1 5019.5 3.0 22.2 4.6 90.0 10.0 
1996 

100 
4647.5 700.0 5347.5 2.8 39.9 6.5 87.0 13.0 

1997 100 
4768.8 405.4 5174.2 2.6 -42.1 -3.2 92.2 7.8 

1998 100 
405.4 5300.5 2.8 4.0 2.9 92.0 8.0 

1999 4895.1 100 
5021.4 405.4 5426.8 4.5 4.0 4.5 92.0 8.0 

2000 
100 

2001 
100 

2002 
100 

2003 
100 

2004 
100 

2005 
100 

5298.2 359.5 5657.7 
2006 

100 

2001 100 

2008 
100 

nnual growt/1 rate during tl1e perlodl970- 4.21% 
TJ,ea 

Tl,e a 
2.86% .. 

1995 ,nual growtl, rate during tl1e period 1996-
TJ,e 01 

1.83% 

2006 
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2-4-3-1. Age and gender structure of the Libyan population: 

The results of the census of 2006 in comparison with the previous one and 

showed that simple changes had occurred in the sex distribution of the Libyan 

population during this period, and that whereas in 1984 Libyan males accounted for 

about 51.12% of the total population, this percentage had fallen to 50.82% in 1995, 

and further declined to 50.73% in 2006 (LHC, 2006). 

This indicator shows that the qualitative composition of the population in 

Libya has tended towards stability in the recent period. In ter1ns of the age structure of 

the Libyan population, the results of the population census in 2006 ref erred to the fact 

that among the total Libyan population, a total of 5.6577 million people, 1.724 million 

people were under the age of 15 years, amounting to about 30.5% of the total 

population. This percentage had reached about 49% in 1984, and it declined to about 

39% in 1995. 

The results of the 2006 census indicated that this percentage is continuing to 
I 

decline. Table 2-6 shows the relative distribution of the age structure of the Libyan 

population. 

Table2-6 

Distribution of Libyan population, 1995 and 2006. 

population Ages Number in :,o ,ulation Percentage of total :>o oulation 
Male Female Total Male Female Total 

1995 Below 15 870342 843921 1714263 39.01 39.09 39.05 
Above 15 1360737 1314739 2675476 60.99 60.91 60.95 
Total 2231079 2158660 4389739 100.0 100.0 100.0 

2006 Below 15 847098 877615 1724713 31.43 30.00 30.48 
Above 15 1848047 2085231 3933278 68.57 70.00 69.52 
Total 2695145 2962846 5657791 100.0 100.0 100.0 

• 
Source: Libyan Higher Committee for statistics and census. 2006. 
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2-4-3-2. Tl,e size of manpower, labour force and tl,eir contribution to economic 

activity rates: 

The distribution of population arnong different age groups in any country is 

very important for the development of this country. If the dependency ratio• 

decreases in the corrununity, this indicates that the labour force in this country would 

be sufficient to develop this country, while if it increases, the labour force is not 

sufficient to develop the country, and this leads to a heavier burden of expenditure on 

non-productive services such as education, health, utilities, which weakens saving 

c~pabilities and capital formation (International Labour Office, 2006). 

The definition of the labour force in Libya is the economically active 

population divided into three sectors; all individuals engaged in work, job-seekers 

who had work previously and first time job seekers. The Libyan population resident 

in Libya is divided between those who are aged up to 15 years and those over 15 years. 

According to these concepts the size of the Libyan population who were economically 

active in 2006 amounted to about 1,635.780 people, which is 42% of the total Libyan 

population aged 15 years and over. Na1nely the rate of manpower contribution to 

economic activity was about 45% (LHC, 2006) . 

On the other hand, the nu1nber of Libyans already engaged in work in 2006 

was 1,328,286, who arnounted to about 81.2% of the total of the economically active 

population. The unemployment rate in Libya, according to the latest census in 2006 

was estimated at 18.8% (LHC, 2006). Table 2-7 shows the numerical distribution of 

the Libyan population aged 15 years and over by distribution and type of manpower. 

• people under the age of 15 years and who are over the age of 64 years 
' 
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Table2-7 

Comparison of 1995 and 2006 census: Libyan population above 15 years working and non
working. 

Population Category Number of population Percentage of total 
:,o :,ulation 

r 

Male Female Total Male Female Total 

1995 Economic 895187 205769 11009S6 65.79 1S.65 41.15 
working 
Non- 465S50 1108970 1S74520 34.21 84.35 58.8S 

• economic 
working 

Total 1360737 1314739 2675476 100.0 100.0 100.0 

2006 Economic 1117612 S18171 1635783 60.48 29.59 42.0 
working • . 

·, Non- 1064444 1233060 2297504 39.52 70.41 58.0 
• economic 

working 
Total 1848047 2085231 3933287 100.0 100.0 100.0 

Source: Libyan Higher Committee for statistics and census, 2006. 

The table also shows that the dependency rate of every Libyan economically 

active is estimated at about 3-1, this means that each economically active person 

supports 3 members of the population including himself or herself. 

It should be noted that this rate was 3.99 persons according to the census of 
• 

1995, and 4.74 per person in the 1984 census; thus, the dependency ratio has declined 

from about five people in 1984 to three people in 2006 (LHC, 2006). 

2-4-3-3. EmploJ'ment structure and development: 

Demand for labour increased at a faster rate than the local labour supply in 

Libya, this was because of an increase in investment expenditure, which began with 

the discovery of oil, causing a shortage in the labour force necessary for an economic 

development process, and thus necessitating the use of non-Libyan labour (Othman 

and Karlberg, 2007). 

• 
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Table 2-8 and Figure 2-5 show the evolution of the labour force in Libya during 

the period 1970-2008. Some observations can be made from the table: 

• Total labour force, Libyan and non-Libyan increased from 433.5 thousand 

workers in 1970 to 1797.4 thousand workers in 2008, at an annual rate of 

3.2% 

• The nuinber of workers in the agriculture sector increased from 126,000 

workers in 1970 to 239,100 workers in 2000 at an annual compound growth 

rate of2.3 % and reached 125,800 workers in 2006. 

• Total employment in the manufacturing sector increased from 204,000 
• 

workers in 1970 to 169,600 workers in 2000 with an annual compound 

growth rate of 7.3 %, and this figure reached 136,300 workers in 2006. 

Toe number of workers had started to decline, and by the end of the study period 

in both sectors, they amounted to about 51 and 127 thousand workers in the 

agriculture and manufacturing sectors respectively. This was because workers 

preferred to join the general service activity and oil sectors, which paid much more 

money than the productive sectors. 

_ Despite the significant contribution of the oil sector to GDP, the proportion of the 
• 

number of workers in the agriculture and manufacturing sectors to total employment 

is more than in the oil sector. Employment as a proportion of total employment in the 

agriculture and industry sectors on average is equal to 16.7% and 8% respectively, 

while it is equal to 2.So/o in the oil sector, and this indicates that the oil sector in Libya 
• 

is capital-intensive. 
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- By looking at table 2-8 and figure 2-6, 2-7 and 2-8 it can be seen that the 

change rates of the labour force used in the agriculture, manufacturing and the oil 

sectors during the period 1983-1997 took a negative and decreased direction, this was 

because of the implementation of some decisions issued by the General People's 

Committee in Libya in 1984, to reduce the size of the labour force. This was due to 

the relative decline in the income generated by crude oil in that period, and also 

because of the actions that were taken to reduce the development budget and 
• 

restrictions on conversion of foreign c1Jrrency abroad . 

• 
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Table 2-8 

Labour force in agriculture, industry sectors and their percentage to total labour in 
Libya during the period 1970-2008. 

The numbers in thousands. 
Years A~licultural sector Manufacturine; sector Oil sector Number of workers 

%to • Number o/o to • Number %to • Libyan Non-Numb increase increase increase 
erof total rate of of total rate of of total rate of Libya 

worke workfo labour% workers workfo labour% workers workf labour% n 
• rs rce rec orce 

1970 126 29.1 - 20.4 4.7 • 10.0 2.3 - 383.5 50.0 

1971 127 27.7 0.8 21.4 4.6 4.9 10.0 2.2 - 395.0 64.0 

1972 127.7 26.2 0.6 22.9 4.7 7.0 10.0 2.1 • 407.0 81.0 

1973 129.0 24.0 1.0 25.9 4.8 13.1 10.2 1.9 2.0 419.7 118.4 

1974 131.4 21.6 1.9 29.3 4.8 13.1 10.4 1.7 2.0 437.4 169.8 

1975 133.4 19.7 1.5 32.9 4.8 12.3 10.7 1.6 2.9 454.1 223.3 

1976 141.2 19.3 5.8 37.4 5.1 13.7 11 1.5 2.8 470.1 262.6 

1977 144.9 19 2.6 41.5 5.S 11.0 11.3 1.5 2.7 498.8 266.0 

1978 147.9 19.1 2.1 47.4 6.1 14.2 11.7 1.5 3.S 520.4 2523 

1979 150.1 19 1.5 52.8 6.7 11.4 11.7 1.5 - 529.0 260.0 

1980 153.4 18.9 2.2 58 7.1 9.8 13.7 1.7 17.1 532.8 280.0 

1981 162.4 17.2 5.9 64 6.8 10.3 13.8 1.5 0.7 560.2 386.4 

1982 167.5 15 .. 5 3.1 73.7 6.8 15.2 14.0 1.3 1.4 588.4 495.3 

1983 173 14.7 3.3 80.5 6.8 9.2 13.8 1.2 -1.4 617.4 562.1 

1984 185.5 20.0 7.2 72.0 7.8 -10.6 13.0 1.4 -5.8 664.0 263.1 

1985 177.0 19.8 -4.6 75.0 8.4 4.2 13.5 1.5 3.8 700.0 194.2 

1986 178.5 19.7 0.8 77.0 8.5 2.7 13.6 1.5 0.7 738.7 166.0 

1987 180 19.2 0.6 79.0 8.4 2.6 13.7 1.5 -2.1 792.5 144.3 

1988 186.9 19.4 3.8 85.8 8.9 8.6 15.4 1.6 12.4 820.3 142.8 

1989 191.6 19.1 2.5 92.2 9.3 7.5 15.7 1.6 1.9 840.7 154.7 

1990 188.9 18.5 -1.4 99.4 9.8 7.8 16.9 1.7 7.6 879.4 139.2 

1991 189.6 18.7 0.4 101.1 10.0 1.7 17.5 1.7 3.6 927.2 85.3 

1992 195.7 18.7 3.7 105.4 10.1 4.3 18.1 1.7 3.4 967.9 76.1 

1993 201.2 18.l 2.8 112.6 10.1 6.8 18.5 1.6 2.2 962.1 151.6 

1994 206.0 18.2 2.4 120.5 10.5 7.0 19.2 1.7 3.8 992.9 156.1 

1995 212.7 17.8 3.3 124.5 10.5 3.3 19.8 1.7 3.1 1025.2 161.0 

1996 219.5 17.8 3.2 128.5 10.5 3.2 20.5 1.7 3.5 1057.5 166.5 

1997 219.2 17.5 -0.1 147.8 11.8 15.0 21.6 1.7 5.4 1085.7 169.4 

1998 225.1 17.0 2.7 156.8 11.8 6.1 37.5 2.8 73.6 1151.6 172.1 

1999 232.0 16.7 3.1 163.7 11.8 4.4 38.7 2.8 3.2 1203.9 179.9 

2000 239.1 16.5 3.0 169.6 11.7 3.6 39.9 2.8 3.1 

2001 113.2 7.8 -52.0 115.8 8.0 -31.7 40.0 2.8 0.3 

2002 107.2 7.2 -5.30 118.7 7.9 2.5 43.9 2.9 9.7 

2003 102.1 6.6 -4.7 121.6 7.9 2.4 45.7 2.9 4.1 

2004 109.2 6.9 6.9 126.2 7.9 3.8 48.9 3.1 · 7 .0 

2005 117.0 7.0 7.1 131.2 7.9 3.9 50.4 3.0 3.1 

2006 125.8 7.3 7.5 136.3 7.9 3.9 53.4 3.1 5.9 

2007 67.9 3.9 -46.0 128.5 7.3 -5.7 58.5 3.3 9.5 

2008 51.00 2.8 -24.9 127.2 7.1 -1.0 61.6 3.4 5.3 

Avera e 16.7 -1.2 7.9 5.3 2.2 5.7 
• • • • • • Sources: General Authority f ~r lnf ormation and Documentation; Council of General Planning (the Af1n1stry of 

Planning), Central Bank of Libya, IMF, World Bank; Privatization and Investment Board. 
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Total 

433.5 
459.0 
488.0 
538.1 
607.2 
677.4 
732.7 
764.8 
772.7 
789.0 
812.8 
946.6 
1083.7 
1179.5 
927.1 
894.2 
904.7 
936.8 
963.1 
995.4 
1018.6 
1012.s 
1044.0 
1113.6 
1149.0 
1186.2 
1224.0 
1255.1 
1323.7 
1383.8 
1445 

1448.4 
1492.6 
1535.0 
1588.8 
1665.2 
1727.2 
1749.7 
1797.4 
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Figure 2-6 

Chan e rate o labour used in a iculture ector 

-

20 --------------

0 +-------------
0 -+----i-

20 ...----------

-40 ....,_ _________ -- -

so +---------------
60 ---------------

--- ----- ------

Figure 2-7 

--c 

Change rat o labour u ed in manu acturing ector 

20 --------------

0 +---- ------

0 +----r--~- ~--------

0 70 98 90 
-10 

20 +---------- --

30 -+------------ ---

0 -'-------------y . 

-- -- --- ----

46 



Figure -

0 -------------
70 ...,__ _______ ---

0 ..f.---~---- ---
0 ~------- ---

0 -+---------- ---
0 .......,___ ______ _ 

20 ---1---------

-- -

2.4 4. mpact of 01/ u o 

durin tl,e pe ·.. 19 70- 00 : 

,. 

• 

an 

• 

f hi 1n 

t 
• • 0 ,97 · 

u d 

I 

• 

0 

1.l 
.. 

• 

l 

l • • 
1 

• 

r l 

7 



• 

-

• 

• 

• 

.. 

Oil revenue was almost the only source of export income during the period of 

study. It was used as a primary source for financing administration and development 

budgets, because of the absence of an effective sector providing national income apart 

from the oil sector. This problem has been experienced by most Arab oil-producing 

countries (AMF, 2003).• 

Table 2-9 and figure 2-9 show the evolution of oil revenue, the total real 

investment expenditure and their growth rates during the period 1970-2008 in the 

Libyan economy. Through analysis of the data in the table, the evolution of oil 

revenue and its growth rates can be traced during the study period. 

1- There was much fluctuation in oil revenue during the period 1970-2008; its 

value amounted to about LD70 million in 1970, and it reached LD64417 .0 million in 

2008. There was also some fluctuation in oil revenue growth rates during the same 

period, which a1nounted to about -63.2% in 1977, and 547.2% in 1971. 

2-Through the table it can also be seen that the oil revenues experienced much 

development, owing to the large increase in the oil quantities produced to cover the 

surge in oil demand, whether local or foreign, Libya also did not comply with its 

production and export quotas in OPEC; Libya exported about 3.4 million barrels per 

day in 1970; however the q1Jantity decreased to half because of the prohibition on the 

importation of some techniques associated with the production of oil (UK Trade and 

Investment, 2004). 

3- Oil revenues during the period 1983-1992 were dominated by large 

fluctuations, with a decline in most years, it ranged between LD898 million in 1989 at 

' 

• AMF= Arabic Monetary Found 
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its lowest level, and LD2520 million in 1984 at the highest. This was due to a variety 

of reasons, including:-

- Fluctuations in international oil prices, which were dominated mostly by a 

decrease. 
• 

- The new policy taken by Libya to delay production and export of oil in 

response to decline of international prices, Libya had to reduce its oil exports 

despite the great need to increase oil revenues. 
• 

- Embargo imposed by the USA on the Libyan importation of oil equipment. 

4- In the period 1999-2008 world oil prices began to increase with the 

continued increase in domestic and foreign demand on the different oil derivatives. 

f 

Through the info1·1nation and data in the table 2-9 it can be noted that the 
• " 

value of oil revenues increased in this period, with the exception in 2000 when oil 

revenues decreased signi~cantly by -36%. The increase in oil revenues during 2002-

2008 was due to high oil prices, and an increase in Libya's quota scheduled from the 

OPEC. 

' 

• 

• 
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Table 2-9 

The evolution of oil revenue value and total real investment expenditure in the 
• economy, 

Value in Million L.D 
Years Oil revenues Total investment Growth rate of total 

(Million L.D) Growth rate of oil expenditure • investment 
• 

revenues % 'Jvlillion L.D, exoenditure % 
(development 

bud2et • 

1970 70 - 146 -
1971 453.1 547.2 247.6 69.5 
1972 453.1 0 397.4 60.5 

1973 652.3 43.9 413.8 4.1 
1974 646.4 -0.9 • 866 109.2 
1975 195.1 -69.8 923.2 6.6 
1976 313.3 60.5 1187.2 28.5 
1977 115 -63.2 1280.3 7.8 
1978 122 6.0 1371.3 7.1 
1979 162 32.7 1868.8 36.27 
1980 214 32.0 2551.6 36.5 
1981 565 164.0 2872.6 12.5 
1982 565 0 2365.9 -17.6 
1983 1920 239.8 2096.3 -11.3 
1984 2520 31.2 1834.7 -12.4 
1985 2125 -15.6 1523.3 -16.9 
1986 1846 -13.1 1117.l -26.6 

1987 1074 -41.8 788.4 -29.4 
1988 1029 -4.1 722.4 -8.3 

1989 898 
' 

-12.7 823.4 13.9 
1990 1181.5 31.5 702 -14.7 
1991 1600 35.4 723.3 3.0 • 

1992 1600 0 396.3 -45.2 
1993 1695 5.9 405.2 2.2 
1994 1700.1 0.3 507.3 25.1 
1995 1725 1.4 318.9 -37.1 
1996 1780 3.1 660.9 107.2 
1997 1890.9 6.2 847.1 28.1 
1998 2551 34.9 485.2 -42.7 
1999 3444 35.0 794.1 63.6 
2000 2203 -36.0 1541 94.05 
2001 3603 63.5 1539 -0.12 
2002 6551 81.8 3701.7 140.S 
2003 3929 -40.0 2530 -31.6 
2004 19956 407.9 3581.4 41.5 
2005 34378 72.2 10273 186.8 
2006 43566 26.7 11039 7.4 
2007 48638.3 11.6 18993 72.0 
2008 64417 32.4 28903.3 52.1 

• • • • • • • Sources.· General Authority for Information and Documentation,· Counc,t of General Planning (the Ministry of 
Planning), Central Bank of Libya. IMF, World Bank; Privatization and Investment Board 

• 

' 
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Figure 2-9 

The evolution of oil revenue and total real investment expenditure 
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Oil revenues have had a considerable impact on the Libyan economy, 

especially on the growth of GDP. GDP has seen an upswing and a clear increase over 

the study period; it amounted to LD2019.4 million in 1997 at a minimum and to 

LD16392 million in 2008 at a maximum. This fluctuation was clearly due to changes 

in oil revenues, which were affected by many political and economic factors. 

2-4-5. Public expenditure and its impact on the growth of economy and productive 

sector in Libya: 

There has been wide debate among economists about the role of public 

expenditure in achieving economic growth, whether it is in developing or in 

developed countries. Some studies have confirmed the positive impact of public 

expenditure on economic growth. In earlier empirical studies, Ram (1986), and 

Holmes and Hutton (1990) found a positive relationship between government 

expenditure and economic growth. Ming and Xia, (2007) indicated that increasing 

R&D expenditure may lead to sustained economic growth, using data for China from 

51 
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t 953-2004. Lan1artina and Zaghini, (2008) studied the relationship between 

government expenditure and economic growth of a dataset of 23 OECD advanced 

economies, and provided empirical evidence indicating a positive correlation between 

public spending and GDP growth. However, others believe that public expenditure 

has a negative impact on economic growth, their thinking is based on the idea that 

there is an inverse relationship between successful economic development and 

govt:rnment intervention in the economy. Cumbers and Birch (2006) stated that there 

is no significant link between countries with high economic growth rates and 

government spending . 

Deterrnining the nature and magnitude of the impact of public expenditure on 

economic growth seems to be important, particularly for oil-exporting countries, and 

Libya is arnong these. Great efforts have been made to achieve economic growth and 

to expand the sources of income. Public expenditure has played a fundamental role in 

achieving these goals. There is no doubt that the oil revenue has had a significant 

influence on the components of the Libyan economy. The country used its oil revenue 
• 

to obtain a stable source of national income, which led to the expansion of public 

expenditure: this focused mostly on consumer aspects and basic services, such as 

education, health, social security and the electricity sector. Also with the stability of 

the country politically and economically, there was a need to meet the basic 

requirements of citizens, especially with increased migration to large cities and 

increasing population growth rates, which amounted to about 4% at this time (LHC, 

2006). As well as increased migration of foreign workers into the country causing an 

economic boom this coincided with an increase in individual incomes, which in tum 
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led to the expansion of the import of consumer and capital goods. This in turn led to 

increased public expenditure. 

' 

'f 

• 

• 
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Table 2-10 

Real investment expenditure in the manufacturing and agriculture sectors and their 
• 

expenditure proportional to total expenditure during the period 1970-2008 

J,'alue in A,fillion L.D 
Years Total Investment Share of Jrrvestment Share of investment Share of 

expenditure • expenditure on investment expenditure irrvestment investment investment 

expenditure on the expenditure the expenditure on on the Oil expenditure 

(Million L.D) agriculture on the manufacturing the sector on the Oil 
sector agriculture sector manufacturing (Million sector to the 
(Million sector to total (Afillion L.D) sector to total L.D) total 
L.D) expenditure % expenditure % ' expenditure 

% 

(development 
budRet, 

1970 146 23.4 16.0 15.0 10.3 1.5 1.0 

1971 247.6 47.8 19.2 29.0 11.7 15.3 6.1 

1972 397.4 63.8 16.1 65.1 16.4 27.8 6.9 

1973 413.8 88.9 21.5 62.5 15.1 28.5 6.8 

1974 866.0 223.9 25.9 107.0 12.5 56.8 6.5 

1975 923.2 242.2 26.2 100.0 10.8 52.9 5.7 

1976 l 187.2 288.1 24.3 165.5 13.9 67.3 5.6 

1977 1280.3 263.7 20.6 160.7 12.6 67.6 5.2 

1978 1371.3 281.8 20.5 157.1 11.6 80.0 5.8 

1979 t 868.8 379.7 20.3 210.2 11.2 93.4 4.9 

1980 2551.6 489.9 19.2 583.2 22.9 55.3 2.1 

1981 2872.6 487.5 17.0 530.7 18.5 57.6 2.0 

1982 2365.9 308.6 13.1 409.7 17.3 25.2 1.0 

1983 2096.3 252.9 12. 1 455.7 21.7 19.0 0.9 

1984 1834.7 262.3 14.3 381.5 20.8 18.6 1.0 

1985 1523.3 182.8 12.0 289.2 19.0 129. l 8.4 

1986 1117.1 120.4 10.8 201.3 18.0 1.2 0.1 

1987 788.4 105.6 13.4 158.7 20.1 7.5 0.9 

1988 722.4 100.0 13.8 112.8 15.6 17.7 2.4 

1989 823.4 145. l 17.6 95.9 11.6 24.3 2.9 

1990 702.0 217.8 31.0 35.8 5.1 16.0 2.2 

1991 723.3 236.2 32.7 9.4 1.3 37.0 5. I 

1992 396.3 29.2 7.4 20.2 5.1 32.6 8.2 

1993 405.2 194.9 48.l 11.6 2.9 49.9 12.3 

1994 507.3 14.0 2.8 35.5 7.0 26.8 5.2 

1995 318.9 5.9 1.8 26.0 8.1 30.2 9.4 

1996 660.9 57.4 8.7 71.3 10.8 61.9 9.0 

1997 847.l 173.7 20.5 0 0 155.0 18.0 

1998 485.2 61.S 12.7 3.8 0.8 42.8 8.0 

1999 794.1 53.5 6.7 5.3.0 0.7 109.5 13.0 

2000 1541.0 141.2 9.2 7.3.0 0.5 77.1 5.0 

2001 1539.0 149.8 9.7 155.5 9.6 

2002 3701.7 183.7 4.9 369.9 22.1 • 

2003 2530.0 189.9 7.5 164.0 11 .3 

2004 3581.4 263.0 7.3 

2005 10273.0 367.3 3.5 

2006 11039.0 175.3 1.5 

2007 18993.0 330.1 1.7 

2008 28903.3 

Averal!t 15.40% 12% 
7.5% 

CAGR 7.5% 
• • 

- • • • 
Sources: General Authority f~r Information and Documentation; Council of General Planning (the Alinistry of 
Planning), Central Bank of Libya, IMF, JYorld Bank; Privatization and Investment Board. 

• CAGR; Compound annual growth rata 
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From Table 2-10 the following can be seen: 

1- Much fluctuation can be seen in the total real investment expenditure during the 

period of study, ranging between LD146.0 million in 1970 as a lowest value and 

LD28903.3 million in 2008 as a highest value. This fluctuation in the value of 

investment expenditures was due to a variety of reasons, including; large fluctuations 

in international oil prices, and also the disparity in spending on economic sectors from 

year to year, as the country after 1995 followed the policy of annual expenditure 

(allocation of annual budget spending on sectors) rather than the development plans. 

2- Since the second half of the eighties Libya has seen a decline in general revenues, 

prompting it to reduce its public expenditure. 

3. Real investment expenditure on the manufacturing sector has seen considerable 

fluctuation in the period, where it amounted to about zero in 1997 as a lowest value 

and LD583.2 million in 1980 as a highest value. 

4. The real investment expenditure in the manufacturing sector amounted to about 

12% on average of total expenditure on the whole economy, at a compound annual 

growth rate of 7.5%, while the percentage of real investment expenditure in the 

agriculture sector to total investment expenditure amounted to about 15 .4% on 

average, at a compound annual growth rate of 7 .5%. These figures indicate the 

attention paid by the country on the productive sectors, especially agriculture and 

manufacturing. 

From the table the evolution of growth rates of oil revenues and total real 

investment expenditure in the whole economy and the growth rates of real investment 

expenditure in the agriculture and manufacturing industries during the period of study 

can also be observed. 
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Through the data in the table the follo\Ving can be deduce: 

1- Toe annual growth rates of total real investment expenditure fluctuated during the 

period of study, its value ranged between -45.2% in 1992 as a lowest value and 

186.So/o in 2005 as a highest value, and the average annual growth rate was 24o/o 

(Table 2-10). 

The reason for this fluctuation can be attributed to certain circ1Jmstances, which can 

be summarized in the follo\Ving: 

_ Since the main source of Libyan national income is its oil revenues, the changes in 

investment expenditure have been closely associated \Vith changes in international oil 

• pnces. 

_ Many political and economic circu1nstances were faced by the country during the 

study period, such as the economic blockade, which was followed by a ban on the 

import of equipment for oil production and industry. All of these contributed to the 

decline in oil revenues, followed by the decline in public expenditure. 

t 

2- The growth rates of real investment expenditure in agriculture and 

manufacturing also fluctuated during the same period, the value ranged between • 

92.8% in 1994 as a minimum rate of growth in the agriculture sector, and 872.9% in 

1996 as a maximum rate of growth for the same sector, whereas growth rate values of 

the investment expenditure in the manufacturing sector ranged between -100% in 

1997 and 137.9 % in 2002. 

• 
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2-5. Summary: 

The agriculture and manufacturing sectors in Libya have received an 

extraordinary share of attention from the gover1unent since the beginning of the 

seventies until the present time; this interesting is reflected in the allocation of 

significant financial investment to these sectors within the economic and social 

development plans, and also through the annual development budgets. The 

government aimed to increase the contribution of the GDP of non-oil productive 

sectors to GDP for creating much opportunity for workers and to find another 

resource rather than oil. However, it is clear from the analysis of the development of 

some economic variables during the study period 1970-2008 that the investment, 

which has been spent on these sectors, has not lead to the improvement of the GDP of 

the productive sectors. This can be seen through the following points: 

_ Declining contribution of the agriculture and manufacturing sectors to GDP. 

-Decline in the number of workers used in both sectors, compared with the 

employment in the whole economy. 

Because the use of descriptive analysis alone is not enough to explain changes 

in the GDP in these productive sectors, as well as an interpretation of the factors 

affecting them, the researcher needs to support these findings by using a quantitative 

• 

approach. 

Therefore, the following chapters will illustrate different applied economic 

models of production functions, in order to reach econometrics suitable for testing the 

production function in the productive sectors, and then to discover which are the most 

important factors affecting the production of these sectors. 
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CHAPTER THREE 

Economic growth theories and production/unctions 

A literature review 

J-1. Introduction: 
The history of economic growth theory goes back to the eighteenth century 

work of the classical economists such as Adam Smith, Thomas Malthus, David 

Ricardo, and later John S. Mill and Karl Marx. These classical economists were 

concerned with economic growth. Ricardo explained that diminishing returns from 

rapid population growth and a fixed quantity of land would discourage economic 

growth. He believed technical improvement could temporarily offset the effect of 

diminishing returns to scale (Kurz, 2010). 

Malthus in 1798 viewed the process of economic growth pessimistically 

(Jones, 2003). He said that world population tends to double about every twenty-five 

years or so. It grows geometrically (as in the series 1, 2, 4, 6, etc.). But food output, 

because of diminishing returns, cannot keep pace with this. It is likely to grow at only 

an arithmetical rate (as in the series 1, 2, 3, 4 ... etc.). This meant that population 

would soon outstrip food supply (John, 2003). According to Malthus,· starvation 

would occur because as population grew, so food output per head would fall until, 

with more and more people starving, the death rate would rise. Only then would 

population growth stabilise at the rate of the growth of food output. 

The classical economists claimed that economic growth, profit increase and 

capital accumulation would recur in the short run. They stressed the importance of 

land as a production factor; they also confirmed the law of diminishing returns. They 
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assumed that land as a factor cannot be increased, so when the rate of population and 

' 

capital accumulation increases, the law of diminishing return will dominate. The 

result would be that real wages and profits would be reduced, so that investment 

would only be for replacement (Boianovs, 2009). • 

Marx showed that a decline in economic growth is associated with 

overproduction (Stojanov, 2007). Growth is determined by the accumulation of 

capital, which comes from profits. Growth of capital depends on the techniques of 

production. The surplus value is the difference between wage per worker and output 

per worker. The profit rate is a ratio of surplus value to total capital, but because of 

the friction between workers and employers, the result will be a fall in profit rate. The 

, increase in wages reduces surplus value. The increase in wages is due to an increase 

in the number of workers, and therefore wages would increase and profit decline 

(Stojanov, 2007). 

Most of the classical theorists were pessimistic about economic growth in the 

• 
long run. Tuey ignored the role of technical progress in economic growth, and that 

technical progress would improve productivity. They also underestimated the impact 

of technical progress in bringing about sustainable growth, because they believed that 
• 

technical improvement could temporarily offset the effect of economic growth, but 

could not do so in the long run. 

Toe classical economists provided the essential ideas and basic insights which 

have inspired modem theories of economic growth. 
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3-2 Harrod-Domar Growtl, Model: 
The Harrod-Domar model is an offspring of Keynesian economics (Grabowski 

and Shields, 2000). In 1936, most economists were concerned with short-run theories 

of economic growth. Keynes assumed that capital accumulation and technological 

progress were fixed in the short-run. Keynes was followed by Harrod in 1939 and 

Domar in 1946. Their theory was an extension of Keynesian ideas about the role of 

the accelerator principle or multiplier on economic growth (Grabowski and Shields, 

2000). 

The model of Harrod and Domar attempted to describe a growing economy, 

especially to investigate the conditions that lead an economy to grow along a steady 

state path. It also attempted to explain the relationship between growth and 

unemployment in the economy. The Harrod-Domar model assumes a production 

function with no substitution between the factors of production. It assumes that saving 

(S) is a constant proportion (s) of output (Y). 

S == sY, I (0< s <1) (3-1) 

t== time 

The essential variables in the Harrod-Domar growth model include capital 

accumulation and the ratio of change in output to change in investment, ~y , since 

AK == J where Af{ is change in capital , L\Y is a change in output, and / is 

investment. The change in capital stock is due to investment and the change in output 

is a result of a change in capital stock. So investment can be shown as an equation of 

change in output, as follows: 
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(3-2) 

where: 

(Y, - f;_1) = the change in output between year t and year t -1. 

v is the ratio of extra capital acc11mulation or investment to the flow of output. 

Harrod-Domar said that stability of the economy requires that S =I. 

So, from equations 3-1 and 3-2: 

(3-3) 

If both sides of equation 3-3 were divided by Y, and v, the result would be as 

follows: 

(3-4) 

This is the growth rate of output, and it is the warranted gro'\Vth rate Gw, as 

defined by Harrod-Domar. This expression for the warranted growth rate in 3-4 is 

definitionaly true since it expresses the accounting identity that saving equals 

investment (Grabowski and Shields, 2000). 

The Harrod-Domar model defined three types of gro'\Vth rates: warranted ( G w ), 

actual ( G ), and natural ( Gn) growth rates. To achieve economic equilibriutn, these 

three different types of growth rate must be equal to each other. For example, if the 

there will be a surplus of capital goods and investment will be discouraged, causing 
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the actual growth rate to fall even further below the equilibriutn rate, in other words if 

warranted growth rate exceeds the actual growth rate. This means that the level of 

investment required will appear lower than actual investment and actual saving. The 

reason is that actual investment depends on the level of change in income, determined 

by the actual growth rate. Therefore, economic agents will think that they have a 

surplus in their production. So, Harrod states that these agents will reduce their 

production in future. As a result, the outcome would be worse, because the difference 

(gap) between the actual and warranted growth rates will increase in later stages. 

Harrod said that this action would lead to redundancies, leading to increased 

unemployment and a declining price level; this is a deflationary gap. 

On the other hand, if the actual growth rate exceeds the warranted gro\Vth rate; 

G>Gw 

appear greater than the real one. Thus agents would think that their production is 

insufficient, and should be increased. But a different problem would occur. An 

inflationary gap will appear, because the economic agents will face a deficit in 

productive capacity. 

The third type of gro'Wth suggested by the Harrod-Domar growth model is the 

natural gro\Vth rate, which is denoted by Gn. It represents a full employment growth 

rate; the natural growth rate is considered as maxim1Jm growth rate achieved by 

increases in labour force and capital accun1ulation. The natural growth rate is derived 

labour, or, taking the rate of gromh; Y = i + g. The natural growth rate is therefore 

' 
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made up of two components: the growth of the labour force ( i) and the growth rate 

of labour productivity ( g) and both are exogenously determined (Thirwall, 2006). 

The Harrod-Domar growth model assumes full employment with fixed 

coefficients of production; the full employment of labour clearly requires that 

G = Gn ; the full employment oflabour and capital requires that G = Gw = Gn. 

Therefore, if the warranted growth rate is equal to the natural one, there will 

not be a tendency for unemployment and inflation to rise. However, if the warranted 

growth rate is less than the natural one, unemployment will rise, even if the warranted 

growth rate is equal to the actual one, because the actual and warranted growth rates 

are less than the natural one. 

On the other hand, the Harrod-Domar model assumed that if the warranted 

growth rate is greater than the natural one, this would be a temporary situation, 

because the actual growth rate would be unable to exceed the natural one in the long 

run. Thus, if full employment were achieved, the actual growth rate would tend to 

decline, and unemployment would result. 

Tue Harrod-Domar growth model suggests that monetary and financial 

policies should lead to the warranted, actual and natural growth rates being equal. 

However, the Harrod-Domar model is pessimistic about the possibility of these 

policies achieving their aims. Saving and investment functions in the Harrod-Domar 

model are simple, and the model has been criticised by Solow and others (Agata and 

Freni, 2003) .. The failure of the model concerning the possibility of achieving steady 
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growth at its potential level was the reason for the introduction of a new growth model 

that allowed for substitution between economic variables, such as the neoclassical 

growth model. This model is examined in the next section. • 

3-3. Neo-classical growtl, tl,eory 

The neo•classical growth model was first developed by Solow and Swan in 

1956. They provided the basic model yielding the most analytically satisfactory 

approach to the problem of divergence between the natural and warranted growth 

rates (Thirlwall, 2006). The neo-classical growth model asst11nes a closed economy 

with a competitive market. It took all the ass1Jmptions in the Harrod-Domar model as 

given except the assumption of fixed proportions of input (Ghosh, 2008). Output is a 

function of capital and labour Y = f(K, L). The production function relates output to 

.input factors, and has a unitary elasticity of substitution between factors. If the 

quantity of both input factors were to increase by the same percentage, output would 

also increase by the same percentage. Y is determined by the interaction of capital 

and labour, that is Y = f(K,L). The model predicts long-run growth equilibrium at 

the natural rate, so that output, capital and labour all grow ai the same rate. The most 

coinmonly used neoclassical production function with constant retur11 to scale is the 

Cobb·Douglas production function: 

f = A ert Ka Lt-a (3-5) 

where Y,K and L are ou~put, capital and labour respectively, A'" is an index of 

technology or total factors productivity (TFP), A is constant, e is the natural 

logarithm and equal to 2.7180, r is the rate of technical progress, t is time, a is the 

elasticity of output with respect to capital, 1-a is the elasticity of output with respect 
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to labour, and a + (1- a) = 1 . A 1 % increase in K and L will lead to a 1 % increase 

in y, which is expressed by output exhibiting Constant Returns to Scale (CRS). The 

Cobb-Douglas production function refers to diminishing returns of the production 

factors; when one is held constant, and another increased, the latter factor will yield 

diminishing. returns . 

• 

The neoclassical theory assumed that change in technology is exogenous 

(Thirlwall, 2006). It depends on changes in input factors, and that the effect of 

technical progress on the factor intensity of production is natural. Explaining the 

influence of three sources of growth for1n can be done by taking logarithms of the 

variables and differentiating both sides of equation 3-5, with respect to time, which 
• 

• gives: 

• 

a, a, a, • a, 

or 

--x-= -x - a -x- + -x-
dt Y dt T ) + dt K dt L (3-6) 

' 

where: 

T == A'" and /3 = 1-a 

' 

Technology is assumed to grow at a constant rate. 
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Since:-

and 

So 

LI-a 
L-a =--

L 

di K dt L dt 

So 

dt Y di T dt K dt L 

Or 

rY = rT +arK + /JrL (3-7) 

where rY is the growth rate of output per time period, rT is the gro\Vth rate of total 

factors productivity, or technical progress, rK is the growth rate of capital, rL is the 

growth rate of labour, and a and /J are the partial elasticity of output with respect 
• 

to capital and labour respectively . 

• 

In other words, in equation 3-7, growth rate of output is equal to the st1m of 
• 

growth rates of technical progress (weighted by growth of total productivity), the 
• 

growth rate of capital (weighted by the partial elasticity of output with respect to 

' 

capital), and the growth rate of labour (weighted by the partial elasticity of output 

with respect to labour). 

Neo-classical theory holds that economic equilibrium requires that capital, 
• 

labour and technical progress must grow at constant rates. So, if we assume that 
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labour grows at a constant rate r L , according to Keynes and Harrod we know that 

AK = I , and that economic equilibrium requires 

and 

So I= sY 
' 

or 

S=sY 

M.=sY (3-8) 

We can also rewrite the equation 3-8 by dividing both sides of the equation by K, to 

give output per head as a function of capital per head:-

t:,K y 
---=s-
K K 

OR rK=s-y 
K 

where s is a portion of output and is constant, so the capital-output ratio must be a 

constant. Neoclassical theory assu1nes a constant natural rate of growth of capital-

output ratio. 

In other words, the gro\Vth rate of output ( rY) is equal to the gro\Vth rate of 
• 

capital ( rK ). Equation 3-7 defines the relationship between rY and rK, which 

keeps these growth rates constant and equal to each other, that is rY = rK. This 

equation can be written as:-

rT 
rY==--+rL 

1-a 
• 

(3-9) 

where rY refers to the equilibrium growth rate of capital and output. That is, the 

equilibriu1n growth rate depends on the growth rates of labour and technical progress. 

If one increases, the equilibrium growth rate will also increase. 
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However, if there is no technical progress or the grov.rth rate of technical 

progress is equal to zero or is fixed { rT = 0 ), the rY equilibrium growth rate will be 

equal to the growth rate of the labour force { rL ). Since the capital stock must grow 

by the same gro\Vth rate of output, then, in this case, it must grow by the sarne rate as 

labour. 

• 

On the other hand, if the gro\\1h rate of technical progress is positive, output 

and capital stock will grow at the same rate, but their growth will exceed the grov.rth 

of labour, and the resulting income per capita will increase. 

• 

The contents of neo-classical theory differ from those in the Harrod-Domar 

model. Unemployment is not a factor in neo-classical theory, because it assumes full 

employment. As a result, there is no difference between the warranted growth rate and 

the natural one, as in the Harrod-Domar model. In neoclassical theory, the increase in 

growth rates of labour and technical progress lead to an increase in the equilibri111n 

growth rate, whereas, in the Harrod -Domar model, the increase in growth rates of 

labour and technical progress lead to an increase in the natural growth rate, but not 

necessarily to an increase in the warranted and actual growth rates. 

As mentioned previously, capital stock and output grow at the sar11e rate. 

Therefore, the output level of per capita consumption can be deterrnined from the 

saving rate, which maximizes per capita consu1nption. This is due to the fact that the 

rate of saving which maximizes per capita consumption at a point in time = O is the 

same rate which maximizes consu1nption at other points. So, if t = O , the Cobb

Douglas production function will take the following fo1m: 
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(3-10) 

where e" = 1. By dividing both sides of the last equation by L, this form is obtained: 

AKaLl-a 
y ----=AK"L-a -L L 

• 

• 

or 

(3-11) 

L 

that per capita output depends on the capital-labour ratio. 

Robinson and Kaldor, who are members of the Cambridge school, criticized 

the assumption of full employment in neo-classical theory (Sanfilippo, 2008). Neo

classical theory assumes that prices of production factors are flexible enough to 

achieve full employment. Therefore, investment is always equal to savings at the full 

employment point. The criticism of neo-classical theory raises a question, which is 

whether the prices of production factors are flexible enough to achieve full 

employment. In fact the rigidity of production factors is a short-term phenomenon, 

while the prices of production factors in the long term are more flexible, which 
• 

achieves full employment. The monetary and financial authorities can provide a 

numbers of policies to achieve full employment. 

' 

Sato in 1963 stated that 100 years might be needed to reach 90% of growth 
• 

rate from its first level, in response to an increase in the savings rate. This means that 
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economic policies concerned with an increase in the savings rate will be successful in 

increasing the groVllh rate of the economy in the long run. Sato in 1963 argued that 

the Harrod-Damar model may be more important to an economy than the neo

classical model. Another criticism of neo-classical theory is that it does not contain an 

explicit investment function, and it ignores expectations, and both are important 

factors in the Harrod-Damar model (Mino, 2002). 

However, full employment does not require the investment function, because 

investment is determined by savings at the point of full employment. There has been 
' 

widespread controversy about the validity of neo-classical theory. Some economists 

such as Lucas (1988) and Romer (1990) say that many of the assumptions of neo

classical theory are useful to explain reality. Other economists, however, including 

Sato(l963) argue that the Harrd-Domar model is the most useful theory to describe 

reality, at least in the short run. A problem with neo-classical groVllh theory is that it 

assumes that there will be an inverse relationship across countries between the capital

labour ratio and the productivity of Capital. So, poor countries with a small amount of 

capital per head should grow faster than rich countries with great deal of capital per 

head, leading to the convergence of per capita incomes and living standards across the 

world (Ruttan, 1998). The basis of this claim is that poor countries with a low capital

labour ratio will exhibit higher productivity of capital. That means that the ratio of 

investment to gross domestic product must be the same across countries. New growth 

theory attempts to overcome this shortcoming of neo-classical growth theory. It also . 

attempts to explain how the rate of technological change is determined . 
• 

• 
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J-4. New (Endogeno11s) Growth Theory: 
Toe new growth theory runs contrary to the prediction of the neo-classical 

growth theory based on the assumption of diminishing capital, which, given identical 

preferences and technology across countries, should lead to faster grovvth in poor 

countries than in rich ones (Thirlwall, 2006). The result of this is that in the long-run 

the growth rates in different countries will be equal. The new growth theory relaxes 

the assumption of diminishing returns to capital and shows that, with constant or 

increasing rettirns, it cannot be assumed there is convergence of per capita income 

across the world, as the neoclassical theory does (Thirlwall, 2006) . 

. Toe new gro\Vth theory's ass1Jmption is that there are no diminishing returns to 

capital, investment is important for long run growth and growth is endogenous in this 

sense. The new growth model of endogenous gro\Vth was pioneered by Robert Lucas 

in 1988 and Paul Romer in 1986 and 1990, (Thirlwall, 2006). Romer states that there 

are positive externalities, such as education, training, and research and development 

(R&D), which prevent the marginal product of capital from falling, and the capital

output ratio from rising. So we can assume the production function of capital as 

follows: 

(3-12) 

where K is a composite measure of capital (physical capital plus other types of 

reproducible capital), and a= 1 (Lucas, 1988) and (Rome, 1986, 1990). The global 

absence of diminishing ret111"'ns becomes plausible if K includes h1.11nan capital, as can 

be seen from the expression for the capital-output ratio: 
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K K L =-•-y L y 
• 

(3-13) 

Anything that raises the productivity of labour (Y /L) in the same proportion as 

KIL will keep the capital-output ratio constant. Arrow (1962) and Kaldor (1957) said 

that technical progress affects the productivity of labour, in addition to as 

technological spill-over from trade. Grossman and Helpman (1991), and De Mello 

(1999) add the possibility of the effects of education, and research and development 

on growth in their model. 

Romer (1994) states that economic growth is an endogenous outcome of an 

economic system, not the result of factors impinging on it from outside. The model is 

based on the assumption of increasing returns to scale due to spill-over effects from 

ideas. Romer (1986) believed that the process of innovation and invention drives 

technical progress; he argued that technology emanates from new ideas. 

Endogenous growth is knowledge based in the Lucas model. Lucas (1988) 

argued that investment in human capital through education and training will not only 

increase the return for the individual, but will also be beneficial for the society as a 

whole. In other words, the productivity of a worker is not only enhanced by his/her 

individual skills but also by the average skills of his/her fellow workers. Coe and 

Helpman (1995) argued that technological improvements may depend on research and 

development (R&D) in other countries. 

• 

The endogenous grov.th model is in contrast to neo-classical theory in 

predicting convergence, as it assumes a constant or even increasing return to capital. It 
• 
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also gives several reasons to explain these disequilibrating forces. Even if marginal 
• 

returi1s to capital are higher in low income economies, the capital market may be too 

inflexible and inefficient for capital to flow there. Further, high income regions may 
• 

be likely to save more as a result of higher incomes, and these savings may be 

reinvested in the economy, fostering economic gromh. Migration may have a harmful 

effect on the age structure in poor regions if their young and well trained residents 

move to high income and high wage economies (Desdoigts, 2004). 

3-5. Tl,e Club of Rome (or tl,e classical tl,eory of economic growtl, revisited): 

The Club of Rome model maintains that if the ct1rrent trends of population 

growth, food production, industrialization, environmental pollution and resource 

depletion continue, economic growth will stop in less than 100 years. This model was 
• 

developed by Donella, Meados, Randers, William and Behrens (Simmons, 2000). 

They cited five essential factors affecting economic growth; population, food 

production, industrialization, environmental pollution and resource depletion. The 

model states that each factor grows at an exponential rate. In 1650 the world 

population was growing at 0.3% (King, 1972). This means the world population 

needed 250 years to double. 

However, the growth rate of world population was 2.1 o/o in 1970, which meant 

that it would double every 32 years (King, 1972). The club of Rome model said the 

problem is not only confined to the doubling of the population, but also related to the 

future of food quantity in the world, because many of the world's population will be 

denied food, the best land is cultivated, and an insufficient supply of water may limit 

the growth of food production. 
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The model also doubted the ability of technology to compensate for the relative 

scarcity of land and water. The model recognized that industrial output grew more 

rapidly than population in the past. It suggested that the growth rate of industrial 

production would be reduced in the future, because of the depletion of non-renewable 

economic resources, such as alurninium, copper, natural gas and oil. 

' 

The model confirmed that with an increase in the population compared to the limited 

food supply, the poverty rate would increase, as would the rate of mortality, because 

of the high level of pollution, resulting in a reduction in the world population. 

Reduction in population, the high levels of pollution and the depletion of global 

natural resources would all be causes of a reduction in industrial output. 

The model supposed that population, pollution and the scarcity of resources 

would grow faster than technical progress. Consequently, industrial output and food 
• 

production would not , keep pace with population growth, whereas previous studies 

have confirn1ed that technical progress also grows at an exponential rate. 

The model confirmed that policies must be adopted, either at present or in 

future, in order to reduce these problems. These policies including, for example, 
, 

reducing birth rates, would not be sufficient to solve these problems indefinitely. 

However, the model stressed that to prevent the collapse of the world economy, 

both population and industrial output must be stabilized, in order to obtain relatively 

high levels of industrial output and foods at the individual level, although a lack of 

economic resources would eventually lead to these being reduced. The Club of Rome 
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model was criticized by energy economists (Sinunons, 2000), especially for 

neglecting the role of technical progress. The Club of Rome model also failed to 

explain why technical progress would grow slowly in the future, There have also been 

some studies, for example Peron, (1995) which have confirmed that the growth rate of 

population would increase rapidly, but the decline of per capita income, and the 

population problem could be solved by a decline in birth rates. 

3-6. Prod11ctionfunctions and economic growt/1: 

The correct way to analyse the impact of production factors and technical 

progress on economic growth is to study the production function. The production 
• 

function is a tool used to explain the relationship between output and production 

factors. Many problems were faced by the researcher in this field in attempting to 

achieve the main aim of this study, which is to specify accurately which production 

function is most suitable for analysing economic growth in the Libyan economy. 

There are different options, but they amount to a choice between the two most widely 

used functions, which are the Cobb-Douglas (C-D) production function pioneered ·by 

Charles Cobb and Paul Douglas, and the Constant Elasticity of Substitution (CES) 

production function (Milojevic and Grozdanovic, 1997). 

There are also different technological alternatives which are present for 

producing output, each of which requires a different and appropriate combination of 

factors of production. These relationships between production factors and output, and 

between the factor inputs themselves are presented b}' existing technical progr~ss, so 

that it is possible to define both kinds of technical progress, i.e. neutral and non 

neutral. 

• 
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The production function is a mathematical relationship between groups of 

factors involved in the production process over a period of time. The production 

function can be written in general form as follows: 

Q = f(X1,X2 , •••••••• X") (3-14) 

This equation denotes the possibility of producing an amount of Q by using a 

number of production factors which are X 1, X 2 , ••• ..X" ,this relationship can be shown 

by f • There are two types of production factors, fixed and variable factors. The 

difference between the production factors is related to the time period. Some of the 

production factors are fixed and others are variable in the short-run. Change in output 

in this case is because of changes in the variable factors. Classical economists stated 

that change in output is due to changes in capital stock, whereas in the Harrod-Damar 

model the cause of change in output is changes in capital stock and technical progress 

in the short-run. However, supporters of the neo-classical and endogenous theories 

attribute the change in output to change in technical progress, and economic growth 

can be long term. 

• 

There are many types of production function in the economic literature, such 

as the Cobb-Douglas, Constant Elasticity of Substitution, Variable Elasticity of 

Substitution, Trans log and Leontief production functions. 

However, the Cobb-Douglas(C-0) and Constant Elasticity of Substitution 

(CES) production functions have been chosen in this study, because they are more . 

commonly used (Thrilwall, 2006). These two production functions are reviewed in the 

• 
fallowing sections . 

• 
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J-7. Tlie Cobb-Douglas(C-D) production function: 

The Cobb-Douglas production function was pioneered by Charles Cobb (a 

mathematician) and Paul Douglas (an economist). They analysed the production 

function of the USA economy in 1928 (Thirlwall, 2006). The Cobb-Douglas function 

is very commonly used, and it can be written as: 

(3-15) 

where Q is real output at a period of time, A is a constant amount which reflects the 

efficiency of production factors used, L and K are an index of labour and capital 

respectively, a is the elasticity of output with respect to capital, and /J is the 
• 

elasticity of output with respect to labour. These two parameters of labour and capital 
• 

can be used to determine the homogenous degree and returns to scale of production 

function. A time variable will be included in the production function. Thus the 

function will take the following form:-

(3-16) 
• 

At is an index of technology or total productivity where t is a time variable. 

However, the original form of the C-D production function cannot be 

estimated directly, because it is not linear in its parameters. Therefore, the C-D 

function can be represented in a log linear form as follows:-

lnQ == In At +a lnK + /3 lnL (3-17) 
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where a and fJ are regression coefficients, the sum of these coefficients giving the 

scale of ret11rn, or the degree of homogeneity of the function. So a+ /3 = 1 represents 

constant returns to scale, that is, increases in K and L by 1 % will increase output by 

the same percent, and a + /3 > 1 represents increased retur11s to scale, that is, an 

increase in production factors L and K by 1 %, will increase output by more than 

1 %, but if a + f3 < 1 , an increase in factor inputs by 1 % will increase output by less 

than 1 %; this is called decreased return to scale. 

' 

On the other hand, if we assume that production factors increase by arnount r, 

where r is a percentage. 

L will increase by 

K will increase by 

L(l+ r ) 
100 

K(l + r ) 
100 

(3-18) 

(3-19) 

In this equation output would increase by as much, less or more than the value 

of r based on constant or decrease~ or increased return to scale. By compensating 

the value of K and L from equations (3-18) and (3-19) in the original for1n of C-D 

production function, the foil owing f onn can be obtained: 

100 100 
\ 

(3-20) 

The function is said to be homogenous at one degree, greater than, and less than one 

attributed to a + /3 = 1 , a + /3 > 1 and a + /3 < 1 respectively. 

The Cobb-Douglas production function is often employed in constrained :forrn 

with the swn of a and /3 put equal to unity. The underlying assumption is perfectly 
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competitive if production is subject to constant returns and factors are paid to the 

value of their marginal products. Therefore, the average and marginal product of 

factors can be quantified. The average of factor inputs is expressed by dividing output 

by production factors and can be written mathematically as follows:-

(3-21) 

• 

since /J = 1-a 
' 

Thus:-

• (3-22) 

• 

where APi represents average product of labour factor. 

However, marginal productivity of factor inputs is equal to change in output 

divided by change in factor inputs. In other words, it is first derivative of output with 

regard to the factors of production. and can be written mathematically as follows: 

_ oQ = l-aAK0 L-a 
MPi - oL 

• /3 == 1-a Thus:-s1nce 

(3-23) 

(3-24) 

where MPL represents the marginal productivity of labour. APK and MPK can be 

of labour, From equations 3-23, 3-24, the following equation can be concluded: 

(3-25) 

79 



• 

J-7-1. The C·D production/unction and technical progress: 

The C-D production function quantifies two types of technical change, which 

are neutral and non-neutral. Neutral technical change is expressed by a change in 
• • 

constant term A in the C-D production function, or by a change in ret1Jr11s to scale 

a+ f3 , which is, change in degree of homogeneity of the function. However, this 

type of technical change does not change the ratio of marginal product and the ratio of 

labour to capital (Dupuy, 2005). • 

The second type of technical change, which is the non-neutral one, refers to 

change in the relationship between the production factors themselves. It means the 

increased, the technical change would be capital saving. That is, the technical change 

would raise the marginal product of labour in greater proportion than the marginal 

product of capital (Thilwall, 2006). 

However, if the a /3 ratio decreases, it means that technical change would be 
, 

labour saving. That is, the technical change would raise the marginal product of 

capital in greater proportion than the marginal product of labour (Thirlwall, 2006). 

• 
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J-8. The Constant Elasticity of Substitution production/unction (CES): 

The CES production function in the case of using two factors of production 

function can be expressed as follows: 

(3-26) 

where Q is output, K and L are capital stock and labour respectively, A, 5 are the 

efficiency and distribution para1neters of output with regard to production factors 

respectively, where 1 > o > 0 ,and the p is the substitution coefficient between the 

production factors, where p ~ -1 . 
• 

The CES production function was introduced by Dickinson in 1954. 

Consequently, it was used by Arrow, Chenery, Minhas and Solow in 1961 (Temple, 

2008). There has been much emphasis in the literature on the fact that the elasticity of 

substitution is not necessarily equal to one, as.in the C-D production function. Some 

of the characteristics of the CES function are that it is homogenous at degree one if 

a + p = I , and it has unity elasticity of substitution only if p = O. 

Therefore, the C-D production function can be a special case of the Constant 

Elasticity of Substitution production function. The marginal productivity of 

production factors can be quantified as following: 

Marginal product of labour can be through differentiation equation 3-26 with respect 

to L , and this can be written mathematically as: 

MPL - OL Ap L (3-27) 
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And the marginal product of capital ( MPK) is:-
• 

K aK Ap K 
(3-28) 

However, the average product of production factors in the CES production 
• 

function is expressed by the division of output with respect the factors Kand L, this 

can be written mathematically as follows: 

(3-29) 

And 

(3-30) 

Where APL and APK are the average product of labour and capital factors 

respectively. 

3-8-1. Tl,e CES prod11ctionfunction and tecl,nical progress: 

Similar to the Cobb-Douglas production function, the CES production 

function also quantifies two types of technical change, which are neutral and non

neutral technical change. However, in the CES production function, neutral technical 

change refers to change in technological efficiency and return to scale. 

The non-neutral technical change rate affects the relationship between the 

production factors and then the ratio of marginal product of these factors. Hicks in 

l 932 stated that the non- neutral technical change either affects the capital factor 

(labour saving), or affects the labour factor ( capital saving). It can be seen as the 

following: 
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olnMRTSKL 
H= oL 

Where H and MRTS KL are Hicksian neutrality and marginal rate of technical 

substitution between capital and labour respectively, and His equal to or more or less 

than zero. Mathematically: 
• 

• 

Thus 

5 L (3-31) 

Non-neutral technical change also affects the 5 value which denotes the paran1eter of 

capital factor. If the value of O increases, the value of the marginal rate of technical 

substitution between capital and labour also increases. Non-neutral technical change 

also affects the value of the elasticity of substitution of production factors ( a ). This 
• 
' 

shows that Hicksian neutrality is a function of capital intensity and the elasticity of 

substitution (McAdam and Willman, 2009). 

3-9. s,,mmary: 
Five types of economic growth theory have been explai~ed in this thesis, two of them 

(neo-classical and endogenous growth theories) support the possibility of economic 

growth in the long-run, but the others (Classical economists, The Club of Rome and 

Harrod and Domar models) do not. Classical economists such as Adam Smith, 

Thomas Malthus, David Ricardo, and later John S. Mill and Karl Marx viewed the 
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process of economic gro-wth pessimistically, believing it would eventually end, and 

economic stagnation would be the result, because of diminishing returns to factors. In 

other words, classical economists believed that economic gro-wth would be only in the 

short-run, and the gro-wth of an economy is determined by the accumulation of capital. 

They ignored the role of technical progress and its impact on economic growth. They 

also stated that technical progress may postpone economic recession, but not 

indefinitely. The Club of Rome model also doubted the ability of technological 

progress to improve economic growth. It believed that there are essential factors 

affecting economic growth, na1nely population, food production, industrialization, 

environmental pollution and resource depletion. They supposed that those five factors 

grow at an exponential rate: and faster than technical progress. The ref ore, their theory 

asserts that economic gro-wth would stop in less than 100 years, because of the growth 

or otherwise of the five essential factors. 

Despite the pessimistic view regard economic gro-wth in long-run, classical 

economists provided essential ideas and basic insights, which inspired modern 

theories of economic growth. Harrod and Domar were concerned with explaining the 

relationship between the gro-wth of the economy and gro-wth of labour. They also 
• 

believed that economic gro-wth in the long-run is impossible. 

' 

Consequently, the neo-classical and endogenous gro-wth theories ca1ne to 

explain the possibility of economic growth in the long-run. Neo-classical theory has 

adopted all the assumptions as given in the Harrod-Domar model, except the 

assumption of fixed proportion of inputs. Neo-classical theory assumed the possibility 

of substitution of inputs in the production process in the long-run. It had a vital role in 
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shedding light on essential variables (technical progress and capital acctJmulation) 

which influence the productivity of factor inputs. 

However, the shortcoming of neo-classical theory, as the endogenous growth 

theory stated, is the asstJmption that poor countries will grow faster than rich ones, 

leading to the convergence of per capita income across countries. Endogenous groVv'th 

theory also criticised the ass1Jmption within neo-classical theory that technical 

• progress 1s exogenous. 

Many economists are not satisfied with the exogenous nature of technological 

advancement, which is the major source of grovvth in the steady state in the Solow 

model. Building on this learning in his literature, Schultz (1961), Arrrow (1962), 

Becker (1964), Lucas (1988) and Romer (1989) have made technology endogenous 

by introducing knowledge or hum-an capital into the production function along with 

physical capital. Lucas models human capital accumulation to be a direct outcome of 

time spent on studying and lear11ing rather than at work. If people spend more time in 

studying, they lea1·n more and become more skilled. This raises per capita human 

capital available in the economy, which complements physical capital and raises the 

skill and the productivity of workers. Such a rise in productivity is the major source of 

economic gro'Wth. 

Barrow and Martin (1995) believe that technical progress is endogenous. They 

also assume the absence of diminishing returns to capital, especially when the capital 

includes human capital, and their assumption is based on the fact that there are 

positive externalities which affect the productivity of labour, such as education, 
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training, and research and development (R&D), as well as technological transfer. This 

will cancel the assumption that poor countries will grow faster than rich ones, as well 

the assu1nption of convergence of per capita income across the world (Felipe and 

Combie, 2005). 

' 

According to neo-classical and endogenous growth theories, it can be seen that 

there is the possibility of economic growth in the long-run, and this mainly depends 

on Jabour, capital, and the factors which affect the productivity of these elements, 

such as technical progress. This chapter also focused on the two most commonly used 

production functions, viz Cobb-Douglas (C-D) and Constant Elasticity of Substitution 

(CES) and the way in which they handle technical progress. 

• The natural question in this case is which fo1·1n of production function will be 

adopted, in other words, which one is more suitable for the Libyan economy. Several 

empirical studies have tried to explain the source of economic growth in different 

parts of the world, using both CD and CES production functions. Some of these 

studies state that the Cobb-Douglas production function is more suitable for 

developing countries. This question will be addressed in this study. A production 

function has several useful features, as it brings together economic theories and 

statistical methods. 

Previous empirical studies which have used both Cobb-Douglas and Constant 

Elasticity of S1:1bstitution production functions, based on neo-classical and 

endogenous growth theories, will be described in next chapter, in order to explain the 

relative importance of factors which affect economic growth in the long-run. 
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CHAPTER FOUR 

Economic Growth and Production Functions 

A Review of Empirical Studies 

4-1. Introduction: 

The aggregate production function has been used as a tool to measure a wide 

range of economic aspects, whether at the national or international levels. The 

relationship between output and inputs has been explained by using mathematical and 
> 

statistical methods. 

However, the production function has many for1ns, such as the Leontief, linear 

Trans log Form, the Cobb-Douglas (C-D), the Constant Elasticity of Substitution 

(CES) and the Variable Elasticity of Substitution (VES) production functions. This 

study focused on the two most commonly used kinds of production fWlction, which 

are the C-D and the CES production functions. This chapter reviews some of the 

empirical studies, in particular those studies which use the same tools analysing the 

relationship between output and inputs, especially the contribution of the factor inputs 
• 

in gross domestic product (GDP), and their relation with growth in GDP, and which 

incorporated the role of technical progress in the process of GDP growth. The rest of 
• 

this chapter is arranged as follows: 

Section 4-2 contains the studies using the C-D production function. Studies 

using the CES production fW1ction are reviewed in section 4-3. Section 4-4 discuss 

the empirical studies used both the C-D and the CES production functions. In section 
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4-5 the variables used in estimating the production function in this study will be 

described. Section 4-6 discuss technical progress and its impact on economic growth, 

while section 4-7 presents methods of measuring technological progress, the 

conclusion of this chapter is given in section 4-8. 
• 

4-2. Previous studies employing the Cobb-Douglas productionft,nction: 

This review will begin by examining the work of Cobb and Douglas themselves as 

an introduction to the Cobb-Douglas production function. This function is designed to 

test neo-classical marginal productivity theory, in order to determine whether 

elasticities of output with respect to capital and labour corresponded to factor shares. 

Douglas observed that the output curve for the US manufacturing industry for the 

period 1899-1922 lay consistently between the two curves for the factors of 

production (fhirwall, 2006). Douglas and Cobb sought to develop a formula of 

function which could measure the relative effect of labour and capital on the growth 

of output over the above period. They took computed indexes, for American 

manufacturing, of the number of workers employed, as well as indexes of the amounts 

of fixed capital in industrial sectors in the USA (Douglas, 1948). The estimated 

function derived was as follows: 

This result supported the neo-classical model of constant returns and marginal 

product pricing. There was no discussion of the relative importance of factors of 
• 

production and the measurement of growth of output, until the work of Abramoviza 

and Solow (Thirwall, 2006). 

• 
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Solow"s study is one of the earliest which used the Cobb-Douglas production 

function. Solow (1957) applied the C-D production function by using non-agriculture 

data for the USA over the period 1919-1957. He attempted to isolate the shifts of 
• 

aggregate production function from movement along the same function. The shift was 

an estimated increase in total factor productivity (TFP). He attributed this shift to 

technical progress (Solow, 1957). He also measured the growth rate of output for each 

factor by using the following f onn of equation: 

where gr, gK and a are growth rate of output, capital stock for each factor and the 

share of capital stock in output respectively. The tenn g 0 is equal to its marginal 

productivity of labour factor. Solow·s result suggested that over the period of this 

study more than 87.5% of growth in output per man hour is attributed to an increase in 

• 

total factor productivity (TFP), while the remaining 12.5% is a result of increases in 

capital per man hour. Solow showed that 80-90% of the growth of output per head in 

the us economy in the first half of the twentieth century could not be accounted for 

by increases in capital (Thirwall, 2006). 

Ozyurt (2007) proposed a study to analyse the main source of economic 

growth in the Chinese industrial sector over the period 1952-2005. His study 

investigates empirically to what extent factor accumulation and total factor 
' 

productivity (TFP) growth have contributed to output growth in the Chinese industrial 

sector. Ozyurt used the Cobb-Douglas production function, in order to estimate the 

relationship between Y, which refers to industrial value added, and K and L, which are 
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respectively capital and labour inputs. His methodology relied on the ass1Jmptions of 

neo-classical theory, such as perfect competition, constant returns to scale (CRS}, 

production technology, and Hicks" neutral technological progress. All variables in his 

model were expressed in 1978 base year pricing. The for1n of function which he used 

was as follows: • 

• 

where t indicates time, a,/3 denotes output elasticities with respect to capital and 

labour respectively, A refers to technological change. The function was converted to 

a linear function, by taking the logarithm on both sides of the function, and it beca1ne: 

Inf, =lnAt+alnK, + /JlnL, +e, 

Inf= -0.02 + 0.82K, + 0.18L, 

t-value (-0.09) (19.0) (3.48) 

F = 3224 R2 = 0.99 D-W=l.9 

All the coefficients in his equation are statistically significant at a level of I% 

except the constant term. The adjusted R -square is highly close to one, indicating a 
' 

very good fit for the model. The F -statistics value means that all regressions are 

significant at 1 %. The sum of the coefficients is equal to one; this result gives strong 

evidence for the existence of Constant Return to Scale (CRS) for production 
• 

technology in the Chinese industry over the period of the study . 
• 

The elasticity of output with respect to capital is 0.82, whereas the elasticity of 

output with respect to labour is 0.18. In other words, the elasticity of the capital is 
• 
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more significant than other factors. Accordingly, Ozyurt (2007) considered that these 

results are in accordance with reality: low labour elasticity and high capital elasticity 

are major characteristics of transitional economies, where labour is abundant and 

capital is scarce. He inf erred that the success of these countries has been driven by 

massive factor accumulation rather than innovative activities and technical progress 
• 

(Ozyurt, 2007). 

Chow and Wai Li (2002) applied the Cobb-Douglas production function using 

official Chinese data. Their study was an extension of one conducted by Gregory and 

Chow in 1993. A Cobb-Douglas production function was estimated for the Chinese 

economy over the period 1952-1998, ·excluding the years 1958-69. The extent of 

technical progress during the reform years equals zero from 1952 to 1977. It was 

equal to one in 1978, and increased by one each year. The Cobb-Douglas production 

function was estimated after taking natural logarithms of the both sides. The form of 

the function was as follows: 

And under the assumption of constant ret1Jrns 

This function was estimated by using least squares method under the 

assumption of constant rettJrn to scale. The elasticity of output with respect to capital 

and labour for the period 1952-1980, excluding 1958-69 are 0.63 and 0.35 

respectively. Total factor productivity had zero growth from 1952-1978, and 0.03 
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from 1978-1998. The Chinese economy grew at a substantial rate of at least 7%, 

during this period because of the high rate of capital formation of over 30% of GDP, 

and the high capital elasticity of about 0.6. 

Lezin (2005) aimed to investigate and analyze the impact of some production 

variables on agricultural productivity growth in China over the period 1989-2002, in 

order to explore whether labour, capital and land had an impact on agricultural 
• 

production. Lezin argued that agricultural productivity growth was one of the main 

facets of the agriculture sector in the economic development in China, and that 

technology was the most important factor within this sector. The Cobb-Douglass 

production function was applied to analyze the impact of production variables on 

agricultural productivity growth for the period 1989-2002. The production function he 

used in the estimation process can be written as follows: 

log(GVAO) = /Jo + /J1 log L + /J2 log K + /J3 logM + s 

Where GVAO denotes the value of agricultural output, L is agricultural labour force, 

K is capital input, and M is agricultural land. The coefficients are the elasticity of 

/3, (i=l, 2, 3) variables with respect to agricultural production, with the assumption 

that µ, > O. The results obtained are reported below: 

log(GVAO) = 60.35 + 0.97 log L + 1.82 log K + 0.17 logM 

(3.47) (2.84) (4.18) (3.9) 

• 
R2::0.997 n=l4 df =10 a=5% 

Where df is the degree of freedom. 
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Lezin concluded that the elasticity of agricultural output with respect to labour, 

capital and land were 0.97, 1.82 and 0.18 respectively. The elasticity of output with 

respect to capital was more significant than others factors. In his results, aggregating 

the three output elasticities obtained 2.979, which meant that in Zhejiang Province the 

agriculture sector was characterized by increasing returns to scale. R 2 is equal to 

0.997 means that 99% of the variation in the log of agricultural output is explained by 

the log oflabour, capital and land. The analysis shows that labour, capital and land are 

positively related to agricultural output, and all of the elasticities are statistically 

significant at the level of 5%. Lezin found that the total value of machinery in 1997 

was more than three times that used in 1989, and the value of animals increased by 

50% during the same period, which indicates that new technology became widely 

available. 

Hu and Khan (1997) estimated the Cobb-Douglas production function of China's 

economy over the period 1953-94, in order to answer the question why the Chinese 

economy was growing so fast. The neo-classical model was used to analyze the 

source of Chinese economic reform, and to explain the acceleration of growth after 

economic reform. Before 1978 China had seen an annual growth of 6% a year, after 

1978 China's economy saw average real growth of more than 9% a year and in 

several peak years the economy of China grew by more than 13 %. Why was this? Hu 

and Khan estimated the contribution of labour, capital and total factor productivity 

(TFP). 

Hu and Khan (1997) found that capital accumulation played the most 

important role in economic development in the pre-reform period 1953-1978; its 

contribution in growth was 65 %, while the contribution of labour was 17%. 
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Even though labour input was an abundant resource in China, capital input 

was the most important contributor to growth in the pre-reform period. In the post

refonn period 1979-1994 Chinese productivity increased at an annual rate of 3.9% 

during this period, compared with 1.1 % during the pre-reform period, and by early 

1990 the share of productivity as a proportion of output growth exceeded 50%, 

whereas the share of capital accumulation was below 33%. According to Hu and 

Khan (1997) the process of reform stimulated productivity growth in a number of 

ways, including the transfer of resources from agriculture to industry, a reallocation of 

resources from the public to the private sector, the encouragement of foreign direct 

investment and a faster growth of exports. 

Massei (1960) used Solow's methods for estimating· the growth of 

manufacturing sector in USA. His results show that 90% of the increase in output per 

man hour was created as a result of an increase in technical progress. 

Nelson (1964) found that TFP growth was 2.1 % p~r annum and thus explained 

more than 67% of the 3.1 % growth rate of GNP for the USA. The remainder of the 

growth rate was due to the growth of capital and labour. This description indicates 

that TFP was a more important contributor to growth than labour and capital. 

Bruton (1967) examined the sources of the growth of GDP in Five Latin 

American countries (LAC) over the period 1940-1964. The aim of his study was to 

compare these countries with more economically advanced ones2
· Bruton used the 

1 The Latin American countries studi~d w~re Argentina, Brazil, Chile, Colombia, and Mexico. The 
advanced countries used for compar,s~n mc~uded Belgium, Canada, France, Italy, Japan, the 
Netherlands, Norway, Swe~en, the Umted Kmgdom, the United States and West Germany. 

94 



-
• 

C-D production function, he found the lowest rate of productivity growth was in 

Argentina, where it was 0.5% · of the growth of output, while the highest rate of 

productivity growth was in France during the same period, where it was 79%. In 

general he found that the productivity growth was lower in Latin American countries 

than in more advanced countries. Bruton argues that the lack of technology in Latin 

American countries can explain part of this difference in productivity growth. 

Hall and Jones (1999) and Kienow and Andres (1997) showed that most of the 

variation in output per worker could be attributed to variation in TFP. Easterly and 

Levine (2001), Chanda and Dalgaard (2002) have shown that variation in TFP explain 

the difference in income per capita across countries. 

4-3. Previous studies employing tl,e Constant Elasticity of Substit11tion (CES) 

production/ unction: 
Alongside the C-D production function, another approach which has been 

extensively used as a tool to detennine the source of economic growth is the CES 

production function. Sapir (1980) used the CES production function in order to 

examine the source of growth in manufacturing industry for the Yugoslavian economy 

over the period 1950-1974. The final form of production function which he used was 
' 

the following: 

where 

r = efficiency parameter. 

0 == distributive para1neter. 

p == substitution parameter. 

L 
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At = constant Hicks neutral technical change. 

At + Q = variable Hicks neutral technical progress. 

D = dummy variable, which takes the value O for the period 1955-1965 and 1 for the 

period 1966-74. 

The CES production function was estimated for two periods, which were 

1950-65 and 1966-74. Sapir found that the growth rate of manufacturing output in the 

Yugoslavian economy was 12.6% in the first period, while it fell to 7.6% over the 

second period. The growth rate of TFP was equal to 4.8% in his result, and the 

parameter of capital intensity was equal to 0.218, while the elasticity of substitution 

was equal to 0.319. Sapir found that the manufacturing industry in the Yugoslavian 

economy depended on labour more than capital, where the share of capital and labour 

to output was 21% and 38% respectively in the first period, and it was about 14% and 

25% in the second period, whereas the contribution of TFP to output was 41 % and 

63% in the first and second periods respectively. 

Saed (2002) applied the CES production function in order to estimate the rate 

of technical progress and capital-labour substitution to 16 companies in the Jordanian 

manufacturing industry over the period 1985-1997. The statistical model derived from 

Arrow, Chenery, Minhas and Solow's CES production function approach was adopted. 

The fonn of the e~uation, assuming perfect competition and constant returns to scale 

was as follows: 

-1 

Y=[oK-p +(1-o)L -plp 
• 

Where y is the value added and it measures the output. L and K are the labour input 

and capital input respectively, P is the substitution parameter which determines the 
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elasticity of substitution. Ordinary Least Squares (OLS) method was used to estimate 

the function for 16 companies, and the result was that the majority of these companies 

that the elasticity of substitution is positive in 13 of 16 companies, 6 of them have 

elasticities that are significantly different from zero at the 5% level; their value was 

less than one except for two companies, namely Chemical and Wood. Over the period 

1985-1997, three companies (Chemical, Non-metal product and Petroleum) had 

negative rates of technical progress. The average rate of technical progress for the 16 

groups was about 0.091. 

Salem (2004) conducted an applied study in order to determine the best fit 

function for Tunisian data. The constant elasticity of substitution (CES) production 

function was estimated in his study over the period 1983-1994. He used statistical 

data for 14 sectors which produce tradable goods. The CES production function was 

estimated for each sector by using the non-linear least squares (NLS) method using 

GAMS software. The statistical data for the capital factor was expressed in millions of 

dinars (DM). Labour was expressed in thousands and output was expressed by added 

value, all of these values being expressed at the current and constant prices. He used 

the CES function to estimate the value-added of td activity, which used two factors 

of production (labour and capital). The form of function which he estimated was as 

follows:-

A K -p,,, + (1 a ))L -Pro ]-Y,,"' V A1d = 1d [ a 1d 1d - 1d 1d 

Avec = P1d 
(jld 
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Where td is sector and VA is the value-added of the sector, L,J and K,J are the 

labour and capital of the sectors respectively. A,d , a , p and a are efficiency 

paraineter, distribution parameter, substitution parameter and the elasticity of 

substitution respectively. 

To facilitate the estimation of this function, Salem (2004) converted the non

linear function to a logarithmic forn1, which was represented in the following 

equation:-

Where r is the log of the parameter of efficiency. He stressed that the elasticity of 

substitution between the factors of production can be determined from the following 
• 

• 

equation:-

1 

• 

His result showed that the elasticity of substitution was close to one in most 

sectors, especially in the agricultural, fishing, clothing and leather sectors. This 

confinned that the Cobb-Douglas production function must be adopted in many 

sectors in the Tunisian-economy, with the exception of the oil and gas sectors and the 

transport and telecommunication sectors, which should take the CES form. 

Dunne ·and Watson (2005) applied the CES production function, in order to 

examine the relationship between the impact of military expenditure and technical 
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progress, and hence their impact on labour productivity and economic growth. They 

assumed that military spending affects economic growth through its impact on 

technical change trends. The CES production function was estimated over the period 

1966-2002. 

Dunne and Watson ignored using the Cobb-Douglas production function in 

their study, because it implies that elasticity of substitution is unitary and technical 

progress is neutral. Consequently, they used the general CES production function 

which took the following form: 

where Q, K and L are defined as before, r and s are production scale parameters. 

· The elasticity of substitution was measured by the following function: 
• 

where technological progress is assumed to be labour augmenting at rate il, . Dunne 

and Watson (2005) found that the coefficients are cqnsistent with expectations; there 

.,, 

was a positive relationship between growth in output and growth of employment. The 

value of the elasticity of substitution was low and equal to 0.46, and there was some 

evidence of increasing returns to scale. Their results suggested that a 10% rise in the 

burden of military expenditure would eventually raise technical progress by 0.5%. 
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Antony (2007), introduced a new function with a dual elasticity of substitution 

between two factors of production. His idea built on normalizing the CES production 

function of De La Grandville (1989). To give support to his findings, Antony used 

data from the Penn world tables market; this data included an unbalanced panel of 64 

countries over the period 1952-1992, the total of observations he used was 1673. To 

obtain an impression of the numbers of variables, Antony applied three regressions. 

The variables K,Y ln(K I K0 ) and ln(Y IY0 ) are capital intensity, baseline production 

per efficiency unit of labour, natural logarithm of annual growth rate of the relative 

capital intensity, and the natural logarithm of growth rate of relative GDP per worker, 

and Ko and Y0 chosen values for the U.S, one regression contains the annual growth 

rate of capital intensity in the U.S because the U.S possesses the highest capital 

intensity. Antony produced a result which supports the hypotheses that the empirically 

observed difference in the elasticity of substitution between labour and capital has 

important implications for inequality across countries. 

Antony (2007) found that capital intensity is growing faster in developed than 

in less developed countries. In other words, he found that the distinction between 

countries can be drawn with respect to human capital variables, so if this variable 

takes same value in all countries, the inequality between developed and less 

developed countries would disappear. Antony's result supports the finding of Arrow 

et al. in 1961, that the elasticity of substitution may change during the process of 

economic development. And it not must be equal to one as in the Cobb-Douglas 

production function, also the finding of Duffy and Papageorgion (2000) using a CES 

on a cross-section of 82 countries, found an elasticity of substitution (ES) greater than 

one for developed countries and less than one for developing countries. They suggest 
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that the value of ES maybe be associated with the level of development in a country. 

- If the (ES) between labour and capital is greater than one, a unique steady state exists 

and with the possibility of an endogenous growth rate (Barro and Sala-i-Martin, 1995). 

· Change in ES will affect the growth rate of output, except when both production 

factors increase at the same rate (Kamien and Schwartz, 1968). 

4-4. Previous studies employing both C-D and CES productionfunctiotis: 

In the existing literature some studies have also shown the relative importance 

of factor inputs and of technical progress based on neo-classical and endogenous 

growth theories, using both C-D & CES production functions. Whitesell (1985), who 

used both C-D and CES production functions to evaluate the hypothesis that the 
• 

causes of Soviet economic decline reflect common factors present only in centrally 

• planned economies. 

Whitesell studied seven individual branches of industry for numbers of former 

Soviet Union, GDR, Poland, Hungary and Czechoslovakia. All these countries had 

very similar economic structure at the time. Whitesell applied two famous kinds of 

production functions, which were the C-D and CES production functions with variant 

and Constant Hicks neutral technical change. This application of these two functions 

was intended to discover which one of them was best suited to the data. Whitesell 

found that the growth rate of TFP was constant in Poland, GDR, and Yugoslavia, 

while it increased in Hungary. 

However, the growth rate ofTFP in the Soviet Union and Czechoslovakia was 

•ther constant or decreasing. Whitesell (1985) suggested that the cause for the 
el , 

difference in decline of the Soviet Union and the other countries was because that the 
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East em European countries depended on foreign trade much more than the Soviet 

Union. Finally, Whitesell (1985) states that the Cobb-Douglas production function 
• 

with constant technical change and constant ret1Jrn to scale is a more suitable function 

• 

for most Eastern European countries, with the exception of the Soviet economy. 

• • 
I Sadeg (1996) was concerned with a statistical analysis of Irish economic 

growth over the period 1951-1984; his study was a first attempt at an explanation of 

Irish economic growth along the lines proposed by neo-classical growth theory. A 

systematic analysis using a wide range of statistical test was employed in order to find 

the relative importance of factor input and of technical progress on Irish economic 

growth, and to measure the elasticity of substitution and return to scale. His study 

also set out to find an answer to a number of questions such as; what specification of 

the production function best fitted the Irish data? The Cobb-Douglas(C-D) and 

Constant Elasticity of Substitution (CES) production functions were both estimated in 

this study. 

Sadeg found. that the elasticity of substitution between the factors of 

' 

production is equal to one. This confirmed that the C-D production function with 

variant Hicks neutral technical progress best fitted the Irish economic data. His result 

also showed that the rate of technical change was about 1.7% a year. The elasticity of 

output with respect to capital and labour input were estimated to be about 0.34 and 

0.76 respectively. He also found that 59% of the growth rate of output was due to an 
, 

increase in factor inputs. 
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Pereira (2002) estimated the elasticity of substitution for the Japanese 

economy over the period 1890-1998, and for the British economy over the period 

1870-1991, and the American economy during the periods 1890-1992 and 1929-2000. 

The Constant Elasticity of Substitution (CES) and the Variable Elasticity of 

Substitution (VES) production functions were estimated in order to account for 

changes in the elasticity of substitution and capital intensity, and their relationship 

with technical change and economic growth. The VES production function included 

both the CES and the C-D production functions as special cases. Technical change 

was measured as Total Factor Productivity (TFP), and it was considered as the main 

source of economic growth. 
• 

The main results he found were that the elasticity of substitution was not 

·t'"'""' and that it changed over time. When the CES production function was used to 
uni ~J' 

change. • 

Sahin (2003) claimed that although there were many studies concerning 

rm·ining the fonns of production function which was more suitable for this sector 
dete · 

• 
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Cobb-Douglas production function was estimated by the researcher. Sabin used data 

for the industry sector over the period 1980-1998. The form of function which he 

estimated was as follows: 
• 

where Q, L and K are output, labour and capital accumulation respectively. 

I-le took a logarithm form for the function to be estimated easily, and the final form of 

the function which he estimated was as follows: 

lnQ == o0 + o1 lnK + a2 1nL+ u 

where: 

, 

ao == In A ' a = 01 

fo11n: 

1 gan.thm form is:
Jts .0 

• • 

second term 

, . 

p 

at the 

• 

I 

right side of this • question, which • IS 

to give a 

·tbnlic approximation to the CES production function. Getting a second orde 
10 gan r 

• mation and adding an error term leads to the follow equations:- . 
approx1 

_ +a lnK+a2 1nL+a3[ln(KIL)]2 +u 
JnQ ::- Oo 1 
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where 

Sahin said that the Cobb-Douglas production function assumes that the 

elasticity of substitution between capital and labour is stable and equal to one. He also 

said if the estimated value of a3 in the above equation is not different from zero, this 
• 

means that the Cobb-Douglas production function will be adopted, and that 

furthermore, if p = 0 , so the elasticity of substitution must be one and the production 

function is a Cobb-Douglas. 

He also found that R2= 0.85, which means that all production factor 

coefficients are significant and can explain 85% of a change. The p value is not 

different from zero for each year. This is implicit in the fact that the elasticity of 

substitution is equal to one. This confinns that the Cobb-Douglas production function 

fotin is more suitable for the Turkish industrial sector. Shahin found that 

manufacturing industries in Turkey depend on the labour factor more than capital 

accumulation and more than technical progress. 

Kilponen and Viren (2008) estimated different specifications of the CES and 

C-D production functions. Their functions dealt with a time series of a group of large 

European countries (Gennany and Italy) and a group of smaller countries (Ireland and 

tn. es were estimated over the period 1960-2004, in order to show the possible 
coun 

• 

ns for the growth differences in these countries. They concluded that R&D 
reas0 

I ed the major role in separating between strong and weak growth across the 
pay 
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countries. To obtain more definitive results, they estimated the C-D production 

function with and without R&D for two periods, 1960-2004, and the short period 
• 

1987-2004. The estimated equation reads simply as: 

where ; = 1, .... 14(12) denotes country, I= 1960, .... 2004 denotes time trend, Q is 

private sector output (value-added), L is employment (number of employees), K is 

capital stoc~ rd is R&D intensity (business sector R&D expenditure/GDP), ts is a 

pat is an indicator 
• 

for the number of patents (several alternative measures are used). 

First they estimated the equation and then used the estimated parameters as 

dependent variables in the regression models, these variables included t,rd,ts and 

elasticity of substitution can deviate from unity. This takes the following form: 

Iog(Q;, / L 11 ) = b0 +b1log(wu)+b2t+b3rd11 +b4tt11 +b5pat" +e11 

Kilponen and Viren (2008) found a strong positive relationship between both 

es The shares of labour and capital \\'ere 0.6 and 0.4 respectively. The R&D· 
wag· . 

variable had a significant coefficient, it was equal to 0.1. It also has a reasonably 

coefficient and a high ratio, and this did not surprise them because of the 
Jarge 

. ous empirical evidence on the role of R&D (Jones and Williams, 1998) They 
prev1 · 

1 estimated the CES production function which is written as 
a so 
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Q;, = A(a(L,,ett)-P +(1-a)K,,-p ) P 

where p = Po - p~, and A is the shift factor for the production function. 

para111eter p~, captures the trend-like b~haviour in the elasticity of substitution, a is 

the share parameter and 8 is the scale parameter. 

And the result was, although the estimated elasticity of substitution increased 
.. 

over time, it was still lower than one . 

• 

Minh and Long (2008) used the Cobb-Douglas and Constant Elasticity of 

Substitution functions in order to show whether technological change and/or technical 

efficiency accompanied productivity growth in .the Vietnamese economy. They 

analysed the change in productivity during the period 1985-2006 through using the 

two functions. They used these two functions to determinate the contributions of 

Jabour, capital and technical change to economic growth over the time. The final 

f orins of the two production functions they used to analyse productivity growth were 

as follows: 

'fhe Cobb-Douglas form was: 

In GDP, = a0 + a 1 In L, + a2 In K, + V, - U, 

ile the CES fonn was: 

InGDP, = a0 +a, InL, +a2 lnK + /J(lnK, -lnL,)2 +V, -U, 

ere GDP, K and L are output, capital and number of workers respectively, a 
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that the C-D and CES production functions are the same, Minh and Long (2008) 

stated that their aim was to determine whether the Cobb-Douglas or the CES form 

was most appropriate to the Vietnamese economy. This relied on a value of f3, 

if p == O , the production function would follow the Cobb-Douglas form. The 

hypothesis was rejected, and the CES form of production function to both the whole 

and the individual sector was estimated. They found that the growth of total 

productivity was largely driven by capital and labour, and partly by technological 

progress. The percentage of capital and labour to the growth rate of TFP were 45.8% 

and 34.5% respectively, while 19.7% was due to technological progress. Minh and 

Long (2008) also found that the productivity growth rates of the industrial and 

agriculture sectors were 6.3% and 1.6% respectively, while there was a fall of -4.7% 

in the services sector, they explained these drivers in the growth rates by a variety of 

factors, especially to the quality oflabour attributed to educational level in each sector. 

There have been some studies in different parts of the world in both 

developing and developed countries which concern the agriculture sector. Al Najafi 

and Hussain (1993) estimated the production function in Iraq's agricultural sector 

during the period 1970-1986.The variables included in their study were output 

(dependent variable), land, labour and capital (as independent variable). The figure for 

land was an index of total cropped area, and capital included value of seeds, fertilizers, 

irrigation charges, electricity, pesticides, maintenance and other operational 

expenditure. A log-linear model was used and the estimated results were as follows: 

IogY /AC= 1.84 + l.04logX1 +0.012logX2 / AC +0.511ogX3 I AC 

s.e 4.74 0.62 0.48 0.091 

1 
_value· (-0.39) (1.96) (0.03) (5.58) 
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D.JV = 1.25 R 2 = 0.82 

Where Y =gross annual value of agricultural output, X1 =index of total 

cropped area, X 2 =labour force in agricultural in thousands, X 3 =annual capital 
• 

expenditure and AC =area under crops, in thousand donums. 

Echevarria (1998) estimated value added in the agricultural sector as a constant 
• 

retunt to scale function of three factors of production, which were labour, capital and 

Jand, using the Cobb-Douglas production function over the period 1971-1991. He 

stimated the function for three sectors which were industry, agriculture and service e .. 

sectors. Although, the contribution of land was negligible in the industry and services 

sectors, he stressed that there was no harm in equating land to capital in these two 

sectors. 

However, this was not the case with agriculture. Echevarria used Canadian data, and 

his result was that the shares of labour, capital and land in value added were 41 %, 

43% and 16% respectively. He found that the contribution of labour in Canadian 

respectively were 41% and 59% in industry and 49% and 51% in services. Capital 

intensity was similar in these sectors. The rate of technological change was similar in 

• 

those sectors and its value was 0.3%. 

Previous studies generated mixed results. Existing models of economic 

wth be it the neoclassical school or ''new'' growth theories, are mainly concerned gro , 

with economic growth in the long run or the shift of the production possibility frontier. 

, 

• 
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borrow a model from the stochastic frontier literature to accommodate the two types 

of economic growth. 

4-5. Variables used in estimating tJ,e production/unction: 

Through the presentation of the production functions and the studies which 

have applied them in both tleveloped and developing countries, it has been found that 

these studies used the same form of production function, and through the study of. 

those function formulas, it was noted that they used labour and capital inputs as 

essential factors. Production is also influenced by many other factors, and it is not 

always clear whether economic factors could fully deal with their analysis and 

measurement; some factors are not easily analysed or measured, for example, 

agricultural production is affected by natural and climatic factors, such as rain, 

temperature and humidity, as well as the spread of diseases that may affect plants and 

animals. ~any other factors have been ruled out of studies, such as raw materials for 

the manufacturing sector and areas planted for the agricultural sector, which have a 

proportionate impact on the level of production in these sectors. 

This study focuses on three fundamental quantity factors which are capital, 

labour and technical change, in order to facilitate the econometric analysis process 

which is required, and then to identify the causal relationship between endogenous 

and exogenous variables which explain economic changes. 

4
_
5

_1_ Gross Domestic Product (GDP): 

GDP is the total market value of goods and services produced by a national 

O
my in one year. It is usually used as a dependent variable (Q) when estimating 

econ 

the production function. The classification used for economic activities in Libya is the 
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saine as adopted by the United Nations. These economic activities are divided into ten 

rnajor sectors, namely: agriculture, fores try and fishing; manufacturing; quarrying; 

electricity, gas and water; construction; trade, restaurants and hotels; transport, storage 

and transportation; finance, insurance and property; home ownership; and public 

services (Salem and Schiller, 2001). 

• 

The agriculture and manufacturing sectors have been chosen because they are 

the most important sectors in terms of development plans. The share of GDP of these 

sectors is a dependent variable in this study because it gives a better indicator of 

economic growth. Real GDP is used in both sectors to express this variable, which is 

calculated by dividing GDP at current prices by price indexes or by a deflator, in 

order to exclude any defects produced by inflation problems. This study used the 

of goods produced in these sectors. The source of the data was the publications of the 

General People's Committee of Planning and the Central Bank of Libya. The measure 

of output chosen in this study for carrying out a growth accounting exercise for the 

Libyan economy was GDP at factor cost and at 1980 prices. The figures relating to 

regate output represented by GDP are presented in table 8 in the appendices. 
agg 

,I-J-2. Capital input (KJ: 

Previous studies ( e.g. Solow, 1957, Ozyurt, 2007), stress that the capital factor 

. ne of the most important factors that has an impact on the production value and 
JS o 

I 

....,ed that changes in agricultural output and in industrial output in Libya depend 
a5SUJ1• 

duction input. pro 

• 
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Henry (1989) employed the perpetual inventory method in constructing his 

capital stock estimate. This methodology of calculating capital stock was pioneered 

by Goldsmith and Sanders in 1959 (as cited in Keeney, 2006), and is an accumulation 

of the past capital fonnation mathematically expressed as follows: 

K == I, + (1-c)K,_1 
I 

(4-1) 

Where: 

K, := fixed capital stock value by the end of period t. 

fixed capital for1nation in the period t. 

C 
depreciation rate of capital. ' 

K capital stock value of the previous year. ,-t 

T)lere are also other ways to estimate the value of fixed capital stock including:-

K, __ J, + hK,-1 (4-2) 

h K K and I, were defined previously. w ere , , ,-1 
• 

h represents the growth rate of fixed capital stock. 

There are also studies which use the rate of capital productivity (ICOR), which 

be calculated as follows (Thirwall, 2006): can 

JCOR= 
ln-v11tmmt ,n y,ar t 

Cha.ng11 tn th11 output va.tu• ,n th11 1•a.r t 

• 

The relationship between capital and output is embodied in the concept of the 

•tat ratio which can measure in physical units, or in value tenns, either the average 
cap1 ' 

' 
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of an economy is the stock of capital divided by the annual flow of output (KI Q ), 

while the marginal or incremental capital-output ratio ( ICOR ) measures the 

relationship between increments to the capital stock and increases in output ( 6.K I tiQ) 

or ( / / tiQ) (Thirlwall, 2006. p.212). 

However, fixed capital stock value in this study will be calculated according to 

equation 4-1 because it is the most commonly used according to previous studies (e.g. 

Solow, 1957, Ozyurt, 2007). The direction of this factor would be as follows:-

4-5-3. Labour input (LJ: 

The labour input can be expressed in three ways, which are: number of used 

working hours (man-hours) in the production process, the value spent on working 

hours (wages), and the number of workers. According to Klein (1965) and others, a 

series of man-hours is a suitable way to measure labour input. However, this argument 

has been criticised on the grounds that labour input is not homogenous, neither within 

finns nor across industries or over years. The measurement of labour using man-hours 

is not satisfactory, as pointed out by Nadiri (1970), if perfect competition is assumed 

to exist, the factors of production would pay their marginal productivity, and then 

wages could be used to represent labour. 

The preferred way to represent labour input in this study is by relying on the 

number of workers as a quantitative variable, not only because it is the most 

commonly used method in estimating production functions, but also because it 
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reduces the problem of multi-linear correlation when estimating the function 

parameters, and because the lack of data on working hours and of wages in the Libyan 

database. Production quantity is proportionately correlated with employment, but it is 

possible to apply the law of diminishing retun1s in this case, because an increase in 

production costs resulting from an increase in the number of workers leads to reduced 

production in the productive sectors, rather than increased. 

4-5-4. Other variables: 

In addition to the factors mentioned above, there are other factors which may 

affect the growth rate of production in the Libyan productive sectors; among these 

factors are: climatic and natural factors, such as temperature, humidity, and also 

diseases and pests that may affect agricultural products; in addition, administrative 

and structural factors affect both sectors (agriculture and manufacturing). Also 

political factors have a negative or positire impact on production, among these factors 

is: the economic embargo imposed on the export of oil ~uring the period 1973-1974 

as a result of the Arab-Israeli war. The Iranian crises also caused an increase in world 

oil prices leading to an increase in oil revenues for all the oil producing countries, and 

Libya was no exception. This had an impact on the productive sector. 

In 1982 world oil prices decreased sharply, this was due to a world recession. 

This decrease in oil prices caused Libyan oil revenue to decrease, and this problem 
• 

was deeply harmful to Libya because 40% of Libyan oil was exported to the USA (EI

Fituri, 1992). This also affected the growth rate of output in the productive sector. In 

addition to the above factors was the economic blocked imposed on Libya during the 

period 1992-2002. There was economic openness during the period 2002-2008 
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coincided. with some major structural and administrative changes in the country, also 

coincided with a surge in oil prices as well as increased quotas of oil export, such that 

the quantity of oil exported rose from 0.9 million barrels a day in 2002 to 1.4 million 

barrels a day in 2008 (LCB, 2010). All of these factors mentioned above led to 

significant changes in economic growth. Most of these factors may have decreased 

the productivity of these sectors, and to include them in the production functions for 

these sectors, a dummy variable was developed, which takes a value of one in the case 

of these factors and a value of zero in the case of their non-existence. 

Additional to these factors are also structural changes which occurred in the 

agricultural sector during the period 1993 to 1996. This period saw the application of 

a three-year programme aimed at staging the liquidation of obligations on 

development projects and classifying them into essential and non-essential projects. 

The essential projects had to be implemented and non-essential ones were either 

cancelled or converted to private sector activity. This followed the introduction of 

Law 9 (1992) and its implementing regulations, which resulted in a significant 

decrease in actual expenditures of the development budget in the agricultural sector, 

which resulted in a decrease in domestic agricultural output over the above mentioned 

period. 

4.6. Tecl,nical progress and its impact on economic growtl,: 

Technical progress is any change in the production function which makes it 

possible to produce more output by using the same quantity of inputs, or that means 

that the same amount of output can be produced by employing smaller quantities of 

one or more inputs (Thirlwall, 2006). It may be defined as a shift in the production 

function, while accumulation of factors is identified with a movement along the 
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function. Technical progress is knowledge and it is the core of economic growth. It is 

an umbrella term to cover all factors which contribute to the growth of total 

productivity (Thirlwall, 2006). Kennedy and Thirlwall (1972) cite Tinbergen, who in 

1942 was the first to explicitly estimate technical progress as a separate item in the 

aggregate production function in the case of the C-D production function, using an 

exponential time trend. 

Economic growth theories do not fit all the facts so far. They say that GDP, 

labour and capital must grow to achieve growth in the economy. It is true that capital 

and GDP do not grow at the same rate. However, they grow more rapidly than labour, 

the reason for which may lie in technical progress. Solow in 1950 introduced a 

mathematical model, which showed the contribution of various factors to national 

economic growth. He stressed that technical progress supports economic growth more 

than labour and capital accumulations. Solow's studies helped the US government to 

redirect their investment to technological research and development in order to 

improve economic growth (Crafts, 2008). 

Classical economists ignored the role of technology and its impact on 

economic growth. They stated that technical progress may postpone economic 

recession, but not indefinitely. The club of Rome model also doubted the ability of 

technical progress to achieve growth. 

Harrod in 1948 and Hicks in 1932, (as cited in Thirlwall, 2006) employ the 

concept of the capital-output ratio, given the rate of profit, to classify technical change 

as capital-saving if it lowers the capital-output ratio, and as labour- saving if it raises 
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the capital-output ratio, and as neutral if it leaves the capital-output ratio unchanged. 

According to neo-classical and endogenous theories, technical progress had a vital 

role in influencing the productivity of input factors. Solow (1957) described technical 

progress as exogenous. However, Romer (1990), Parente and Prescott (1994) and 

Barrow and Sala-i-Martin (1995), Eaton and K~rt1Jm (1996) described it as 

endogenous. It was believed that there were no diminishing returns to capital, 

especially when capital includes human capital, because of technology. The 

assumption that poor countries would grow faster than rich ones, and that per capita 

income across the world would converge, would disappear. Loo and Soete, (1999) cite 

A.rfoW, who in 1962 indigenized technology by assuming lea"rning by doing, stated 

that technical progress grew at a constant rate, and found that long-run economic 

growth crucially depends on population growth. 

There are two kinds of technology, i.e. neutral and non-neutral. Neutral 

technology is expressed throllgh change in the degree of return to scale, and change in 

technology. efficiency (Hall and Jones, 1999). It is change in production resulting 

from the change in production factors. With neutral technical progress the production 

function shifts such that the new point of tangency at the same factor-price ratio lies 

on the same expansion path. This means that the ratio of marginal products has the 

same capital-labour ratio and equal proportionate amounts of the two factors are saved. 

The condition for neutral ~echnical progress is simply that the new production 

function is parallel to the old. 

However, non-neutral technology is that which affects one of the production 

factors, whether labour or capital. This kind of technology reflects that technical 
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change is capital or labour intensive: an increase in capital intensity because of new 

investment would result in an increase in total productivity. With non-neutral 
• 

technical progress, the ratio of the marginal product of capital to the marginal product 

of labour rises in the case of labour-saving technical change, such as a shift in the 

minimum-cost point of tangency from the old expansion path. However, in the case of 

capital-saving technical progress, the marginal product of labour to the marginal 

product of capital rises and the shift in the production function is such that the 
• 

minimum-cost point of tangency now lies to the right of the old expansion path 

(Thirl wall, 2006, p.219). 

4_7_ Meas11ring tecl1nological progress metl1ods: 

Technical progress has been discussed as an indispensable source of economic 

growth, and the literature on technical progress was surveyed by Solow (1957). There 

are two approaches to measuring the effect of technical change on economic growth. 

These approaches are the indirect or non-parameter method and direct or parameter 

method (Mongia and Sathaye, 1998). The direct method, unlike the indirect, assumes 

that technical change is one of the production factors, and it may take a variable value. 

In other words, the rate of technical change in this case is assumed to be a variable. 

Solow (1957) and Kendrick (1961), used the non-direct method; they assumed thai 

rate of technical change is constant. Solow (1957) in his well-known pioneering paper 

derived and estimated the neutral rate of technical change through a two-factor 

aggregate production function. Solow assumed that technical change is IIicks neutral, 
• 

which does not change the marginal rate of substitution of capital for labour into a 

constant capital-labour ratio. He also assumed full competitive markets of production 

factors; meaning factors are paid their marginal product (Bessen, 2008) . 
., 

• 
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The two approaches of measuring technical progress will be discussed in more 

detail. This section deals with the indirect approach, which implies three indices for 

measuring technical progress, i.e. Solow·s, Wan's and Kendrick's methods. The 

second approach, i.e. the direct approach, will also be discussed in more detail in 

section 4-7-4. 

~ J Solow 's metl,od: 4-,- . • 

Solow (1957) considered a standard neoclassical production function with 
• 

constant returns to scale, in order to isolate change in output per head due to technical 

change. Solow said that if Q represents output and K and L are production factors 

hich are capital stock and labour respectively, and they are measured as physical 
w ' 

units, the aggregate production function would be written as follows: 

Q =--- I (K,L,t) (4-4) 

The variable t for time appears in I to allow for technical change. 

Solow used technical change as a short hand expression for any kind of shift in 

the production function, such as improvement in the education of the labour force. He 

Urt"led that technical change is Hicks neutral. Thus, the production function would ass .LJ.A 

take the following special case: 
,. 

• 

(4-5) 

......,,.._._ own residual ''technical progress'' at time t , 

• 
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Differentiating both sides of equation 4-5 . with respect to time and dividing them by 

Q would obtain the following fonn: 

• • • 
• 

(4-6) 

where the asterisks indicate time derivatives. 

According to the assumptions of neo-classical theory (Hicks neutral technical 

change, competitive equilibrium, constant ret1Jrns to scale and factor rewards being 

determined by marginal product) the factor inputs are paid their marginal product, this 

means that: 

oQK 
rK =:::::= oK Q 

• 

and 
oQL 

w ------
L - oL Q • 

where rK and wL are prices of capital and labour respectively. Substituting them in 

• • • 
L 

where 
• tJ.Q 
Q::=--:::TQ, 

Q 

•M 
A=-=rr , 

A 

• 

• tJ( • 6L 
K = - = rK and L = -- = r K L L 

(4-7) 

(4-8) 

where rQ is the rate of change in output per time period because of technical progress, 
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is the annual rate of growth of capital, rL is the annual rate of growth of labour, rK 

and a and f3 are the partial elasticity of output with respect to capital and labour 

respectively, and they represent the shares of production factors in output. 

Technical change rate can be calculated from equation 4-8 as follows: 

(4-9) 

4_7-2. Wan's method: 

Wan (1995) presented a new non-parametric approach to calculate the rate of 

total factor productivity (TFP) growth. Wan claimed that the traditional approaches of 

wth accounting, such as Solow (1957), depend on certain assumptions, such as 
gro 

profit maximization and perfect competition, which may be inappropriate for some 

centrally planned economies. He· ignored some of these limiting assumptions in his 

approach. His m~thod to estimate the rate of technical change was derived from the 

definition of added values; added value is equal to the sum of the amount of 

duction factors which are weighted by their prices. 
pro 

Wan (1995) assumed production function in the case of two factors, which are 

labour (L) and capital stock (K) .. The production function was proposed as follows: 

Q, = f, ( L, , K,) (4-10) 

Th 
e was no explicit reference to time in the above equation, Wan assumed constant er . 

hn
ological return to scale. Wan said that technical change occurs when functional 

tee 

forill changes. This means that J; ¢ f,+t · According to Wan's approach, technical 

change affects the form of a function, or its parametric, or both. However, in the 
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traditional approach, technical change is only reflected in varying parametric values 

of a production function. 

wan·s method depends on the fact that technical change enables firms to produce the 

same amount of output with fewer (cost) factor inputs. Optimal production will be 

achieved. Mathematically when the curve slant of production is equal to the curve 

slant of cost function, this means: • 

(4-11) 

where o represents base year and Y0 ,TC0 ,L0,K0 , w0 and r0 are output, total cost, 

labour, capital stock, wages and profits respectively, and all are measured in real 

values. Wan claimed that when technical change occurred, either the amount of 

function changes. The new production function would be written as follows: 

Yi= rel= W1L1 + r1K1 (4-12) 

Wan said that technical change ( TE) is the difference between the cost of 

factors. 

Where f 2 is another production function, its form changes because of technical 

change. Thus: 
,. 
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(4-13) 

Consequentlyt according to Wan the rate of technical change is the saving in cost 

resulting from using fewer factor inputs. Assuming that: 

and 

Where r is constant value and assuming a constant return to scalet Wan said that: 

• 

Rearranging equation 4-13 gives:-

(4-14) I 

Wan said that the rate of technical change or growth of total factor productivity is 

equal to TE divided by Y lt thus: 

TEIY. ==((w0rL0 +rorKo)-(w0L1 +r0K1)]/(w1L1 +r1K1) 

From definition: 

• 

Thus: 

(4-15) 

• 
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wan used equation 4-15 to measure the rate of technical change, he comparing his 

result with those obtained applying Solow's method. Wan concluded that the results 

were vecy similar. 

4 _7_3_ Kendrick's metl,od: 

Kendrick's method of measuring technical change is based on the comparison 

between the input and output of the production function (Kendrick, 1961). Production 

factors are often measured by their contribution to national income, and where a fully 

competitive market is assumed, so the production factors will be measured at their 

cost. The income function would be written as follows:-

Q == wL+rK (4-16) 

where Q is output, w is wages, r is profit, and L and K are labour and capital 

respectively. Assu1ning that wages and profit are constant, the change will happen in 

• 

function: 

(4-17) 

• 

where Li =Jll and K1 =M 

Usually growth in production is greater than the contribution of production 

factors in the production process. The difference is due to technical change and this 

requires the addition of another factor to the function, which is T • Thus the final f onn 

of the equation would be as follows:-
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(4-18) 

This equation could be rewritten as follows: 

(4-19) 

where Tis the rate oftechnical change. 

The rate of technical change in the case of the CES production function is calculated 

as follows: 

To == 
(4-20) 

.And in the case of the Cobb-Douglas production function is calculated as follows:-

Qi Ki Li (4-21) 
o Qo o o 

4_7-,. Direct method measuring of tl,e growtl, rate of tecl,nical cl,ange: 

The growth rate of neutral technical change is estimated directly in this 

· duction functions (C-D and CES). There are two alternative specifications of 
pro 

hnical change, outlined as follows: 
, tee 

eu refers to constant growth of technical change .i.e. Constant Hicks neutral technical 
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disembodied and Hicks neutral, so that when there is a shift in the production function 

KI L ratio remains unchanged at constant prices'' (Mongia and Sathaye, 1998. p. 9). 

e:AJ+u 2 refers to variable and continuous growth of technical change. i.e. variable 

Hicks neutral technical progress. 

If the two kind of technical change are included to the C-D and CES 
• 

• 

.Cobb-Douglas production function with constant growth of technical change. 

' 

(4-22) 

_ Cobb-Douglas production function with variable and continuous growth of technical 

cbaJlge (Variable Hicks neutral technical progress):-

U+.112 Ka LI-a 
Q -Ae ----- (4-23) 

_ Constant Elasticity of Substitution with constant growth of technical change 

(4-24) 

_ Constant Elasticity of Substitution with the variable and continuous growth rate of 

technical change (Variable Hicks neutral technical progress):-

-m 

• 

(4-25) 
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The direct approach to measuring the growth rate of technical progress will be 

adopted in this study. 

4-8. Conclusion: 
Economic growth theories were reviewed in the second chapter, and some 

empirical studies have been reviewed in this chapter, especially those which focus on 

the contribution of these theories to an understanding of economic growth. It is 

obvious that these theories identify the important factors of growth; capital 

.. ..,.,ulation includes human capital, labour and technical progress. acCu.uA 

A review of the variables used in the estimation process took place in this 

chapter with a special review of the different ways which can be used to measure 

thelll• Specific studies concerning developing countries are few and they differ due to 

the varying motiv~tions for their investigations. This chapter was dedicated to a 

review of some of these previous studies, particularly those based on the same tools 

that are used in this study. 

-rwo distinct approaches for measuring technical change were also reviewed, the 

parametric approach within which three indices were constructed, i.e. Solow, Wan 

and Kendrick indices, and within the non-parametric approach thre~ specifications 

were also given to technological change: constant, variable and continuous, and 

variable and discrete. 

Consequently, we can identify the factors that affect Libyan economic growth 

froI11 a variety of perspectives. The empirical studies part of this chapter showed how 
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production functions can analyse economic growth. However, there is a clear absence 
• 

of analysis in the literature of Libyan research. 
• 

• 

• 
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CHAPTER FIVE 

• 

Theoretical framework for the model equations in the Libyan economy 

5-1. Introduction: 
Economic growth has 

• 

been studied for decades by economists, and this 

dissertation aims to present an analytical review of the role played by production 

factors, i.e. capital and labour, and by technical progress in the economic gro'Wth of 

the Libyan non-oil productive sectors during the period 1970-2008. Several 

econometric models have emerged to study the determinants of economic gro'Wth . 
• 

These models are drawn from previous studies have been applied in different parts of 
' 

the world, among these studies are the study of Green Wood, Hercowitz and Krusell 
\ 

in (1997), who built their findings on the utilization of the Cobb-Douglas production 

function which was advocated by neo-classical theory, which assumes increases in 

production factors (labour and capital) through technology at a steady rate could 
• 

eventually lead to an increase in production at the same rate. They concluded that 

technological progress contributed to the growth of the U.S. economy by 58% through 
• 

investment. 

Barro and Sala-i- Martin (1995), and Jones (2003) state that steady changes·in 

the labour factor through technology lead to economic growth in the long run. This 

impression of the impact of technological progress on economic growth is developed 

from the arguments of Solow (1956), Romer (1990) and Aghion and Howit (1992, 

1998). Neo-classical theory maintains to achieve balanced growth the production 
' 

function should be connected with changes in labour factor and technological progress . 
• 
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Hicks (1936) argued that the process of technological development in the long run 

must start from the labour input. Hicks (1932) explained that improvements in capital 

lead to a relative decline in the price of capital and the change of this relative price 

could eventually lead to a decline in total costs, as well as an increase of in the price 

of another factor, which is labour; that is why he maintained that it is necessary for 

improvements in labour to be more than in capital in the long run. 

It has been accepted by economists that elasticity of substitution between 

labour and capital determine the impact of technological progress on economic 

growth. If elasticity of substitution is equal to one, the production function must be a 

Cobb-Douglas production function, if the elasticity of substitution is not equal to one, 

the investment in production factors will not lead to economic growth at fixed rates, 

the reason being that the changes (improvements) must be in labour in the long run. 

The elasticity of substitution between the production factors in the case of the 

Cobb-Douglas production function is equal to one. Thus capital contribution is equal 

to one-third; the contribution of labour must be equal to two-thirds. However, if the 

elasticity of substitution is not equal to one, capital contribution will either be zero or 

infinity, depending on the value of elasticity of substitution. If it is less than one, there 

will be a decline in the relative prices of production factors (capital and labour) 

greater than the relative increase in the ratio of capital to labour. Thus the relative 

contribution of capital would become zero (Jalava et al., 2005). This is because that 

capital factor becomes more abundant and there is no way for a substitution between 

labour and capital: in this case, the labour factor would be more important for 

production and therefore wages would rise. 
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On the other hand, it can be said that when the elasticity of substitution between the 

production factors is greater than one, it is easy to replace the capital instead of the 

labour factor, and the contribution of the labour factor would shrink to zero and hence 
• 

this would lead to an infinite contribution by the capital factor (Ledesma, et al., 2010). 

Greenwood, Hercowitz, and Krusell (1997) stated that technological advances support 

economic growth in the long run .. On the other hand, Acemoglu (2003) wrote that 
• 

changes in capital lead to temporary gro\.\iih, but in the long run economic gro\.\iih 

results from development in the labour factor). 

This discrepancy reflects the adoption of different production functions. The 

CES production function nests the Cobb-Douglas function when elasticity of 

substitution between production factors tends toward one (er = 1) . The Cobb-Douglas 

production function has two characteristic features: the contribution of capital and 

labour are fixed, and the elasticity of substitution between capital and labour is equal 

to one. The question is, whether it is possible to apply these properties in an actual 
' 

economy. Ledesma, et al (2010, p. 9) stated that: 

• 
JVhen the elasticity of substitution is equal to one, an increase in technology 

does not produce a bias towards either factor (factor shares will always be 

constant since any change in factor proportions will be offset by a change in 
• 

• f act'!r prices. 

Thus tlie question of whether the value of elasticity of substitution between 

production factors is unitary remains debatable. 

This chapter presents .econometric models for investigating the long-run 

relationships between the input factors and output in the Libyan agricultural and 
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manufacturing sectors. The rest of this chapter is divided into seven sections, 

including those that explain procedures and methods used to analyse production 

functions in order to determine factors affecting economic growth. 

5-2. Matching a production/unction to the Libyan economy: 

The choice of the form of production function is based on the ass~ssment and 

characteristics of the relationship between production and its factors. For example, 

testing the linear production function that Q = G0 + a1L + a2K , where a0 is the 

constant, G1 represents a marginal product of labour MPL, and G 2 represents the 

marginal product of capital MPK , there is an implicit assumption that each of the 

marginal products of labour and capital is constant. The linear function is 

characterized by access to production without labour or capital, and it is also non

homogeneous because of the presence of G 0 • But if a 0 is ruled out, the production 

function becomes a homogeneous of the first degree, which means that a change in 

both production factors by a certain amount would lead to a change in production ( Q) 

by the same amount. Thus, the choice of linear function as a framework for the 

estimating process to determinate relations between production and its factors has 

clear limitations from the beginning, and for this reason this study has focused on 

non-linear production functions. 

The Cobb-Douglas production function has been the most commonly used in 

both theoretical and empirical analysis for long time. However, a strict restriction 

implied by the Cobb-Douglas production function is that it assumes the elasticity of 

substitution between factors of production to be equal to one. Many scholars have 

applied Cobb- Douglas production function using data from various parts of the world, 
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and it have been found that if the elasticity of substitution is allowed to vary freely 

rather than being constrained to being equal to one, the C-D production function is 

better fitted to historical data (Willman, 2002). 

Therefore, some economists, such as Arrow, Chinery, Minhas and Solow 

(1961) who argue that the assumption that the unilateral elasticity of substitution in 

the Cobb- Douglas production function is not feasible in applied studies, for this 
• 

reason they pref er to use the CES production function. 

This study is concerned with two kinds of production function forms, namely 

CD and CES production functions, in order to identify a suitable production function 

for the Libyan economy. The study also seeks to discover the relative importance of 

production factors and of technical progress, and their impact on economic growth in 
' \ 

the productive sectors, assuming that production in the agriclllture and manufacturing 

sectors depends on three essential factors, namely labour, capital and technical change. 

In this study, the Cobb-Douglas production function will be estimated in the 

following form: 

(5-1) 

where Q, K and L are production, capital and labour respectively, a and fJ are the 

output elasticity with respect to capital and labour respectively, A is efficiency 

parameter (equivalent to Total Factor Productivity (TFP) in the Solow model), u is a 

multiPlicative error tenn with Eu= 0 and Eu2 = cr 0
• The Cobb-Douglas production 

function has been the most co1nrr1only used in the history of econometrics. 
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There are many reasons behind this popularity. In addition to its 

analytical simplicity, the Cobb-Douglas function has many 

attractive properties (e.g. concavity, homogeneity and aggregation) 

and it can moreover be regarded as a special case of more general 

production functions (Constant Elasticity of Substitution (CES) 

production functions. It is also easy to estimate or calibrate and 

has quite often fitted at least broadly, the data rather well 

(Willman, 2002, p.9). 

More specifically, the popularity of this form (C-D production function) has resulted 

from:-

- Its mathematical simplicity and computational manageability, since it specifies 

technology as linear in the logarithms of the variables. 

_ The function offers a direct estimate o~ returns to scale. 

_ Its parameters are independent of the unit of measurement since "scale change in the 

basic units of measurement has no essential effect on any of the terms in this 

logarithmic formulation except the constant term" (Klein, 1965, p. 92). These positive 

p~ints may overcome some of its crucial limitations, such as unitary elasticity of 

substitution and the inconsistency of the relationship between marginal productivity 

and output. 

A testable implication of the C-D production function is related to returns to 

scale, which depends on the value of parameters a and /3 which might take one of 

the following forms: 

a+f3==1 Constant Returns to Scale 
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a+f3<1 

a+/J>l 

Decrease Returns to Scale 

Increase Returns to Scale. 

Estimating the Cobb-Douglas production function (C·D) in its general forn1 is not 

easy, because it is non-linear in its pararneters. However, it can be estimated by taking 

natural logarithms, so the function can be estimated in the following f OI'm: 

lnQ =/Jo+ /3, lnK + /J2L+u 

where Po =lnA, /31 =a and 

(S-2) 

The C-D production function under the restriction of Constant Returns to Scale ( e = 1) 

can be estimated in the folio-wing form:-

L L (5-3) 

The Cobb-Douglas production function assumes the stability and unilateral nature of 

the elasticity of substitution between production factors (labour and capital) as:-

(5-4) 

aK aK 

• 

This asst1mption is a result of constant factor shares despite fluctuation in the factor 

prices (Douglas, 1948). 

• 
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Another widely used production function in empirical studies is the Constant 

Elasticity of Substitution (CES) production function. Its general for1n can be vnitten 

as follows:-

-8 

(5-5) 

The CES production function is non-linear in its parameters and cannot be 
• 

linearized by tal<lng natural logarithms, hence these specification are transferred to 

their linear approximation using a Taylor's series expansion for1nula (Kment, 1986). 

Thus, equation 5-5 can be estimated using the Ordinary Least Square method (OLS) 

and yields: 

(5-6) 

The second item on the right hand of the production function, number 5-6 which is:-

(5-7) 

It is possible to stretch around the value of p = 0 to give the approximate logarithm 

of the CES. The CES production function form, which has random error, will be set 

up as follows: 
• 

(5-8) 

. Where • 

p0 ::lnA, Pi=eS, /32 =e(l-S) and f33 =-(1/2)pS(l-S) 

136 



This approximation is the so-called Kem en ta' s approximation. (Sabin and Kizilirmak, 

2003). Therefore, if the estimated value of /33 in equation 5-8 does not differ from 

zero, this means the application of the Cobb-Douglas production function is possible. 

The CES production function contains constant elasticity of substitution which is 

equal to_!_, if p = 0 the elasticity of substitution is equal to one, meaning that the 
l+p 

CES production function will collapse to Cobb-Douglas form (Sabin and Kizilirmak, 

2003). 

Equation 5-5 has a degree of returns to scale different from one ( e ':I:- 1 ), when 

it is restricted to one, the CES production function will be written as follows:-

-1 

Q = A[8K-p + (1-8)i-P] Pu (5-9) 

The I(menta approximation to equation 5-8 will be as follows:-

Q K K 2 
In(-)== lnA +8 ln(-)-0.Sp8(1-8)(1n(-)) + u 

L L L 
(5-10) 

The popularity of the CES production function has resulted mostly from it 

being a well behaved function; natural technical progress and return to scale are each 

modelled by a single parameter, it can be collapsed to the C-D form when elasticity of 

substitution between factors is equal to one ( a = 1 ), and it offers the possibility of 

finding the value of the elasticity of substitution. 

S-3. Statistical Methods 

from the existing literature, it can be seen that the same form of production 

functions have been used by scholars. Moreover, they use labour and capital as 

essential inputs, despite the different ways of entering the labour factor in these 
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functions. It is interesting to note the majority of studies relating to developing 

countries, have been based on the use of the Cobb-Douglas production function, 

among these studies are Sadeg (1996) and Sabin (2003), while most studies, relating 

to developed countries, have used the CES production function to analyse the 

relationship between inputs and outputs and among these studies are Duffy and 
• 

Papageorgion (2000), Pereire (2002) and Dunne and Watson (2005). It may also be 

noted that most functions which have been applied previously have using the function 

in its aggregate form, with the exception of the agriculture sector of these studies; this 
• 

perhaps is due to the influence on agricultural production of other factors in additiOn 

to labour and capital, such as rain, temperature, fertilizers used, the quality of soil and 

area cultivated. Therefore the formulation of the production function in this sector 

must take these factors into account. 

However, some of these have been· excluded from this study and that was for 

simplification. Lack of data on these variables is another reason for the researcher to 

exclude these factors, although the neglect of this kind of variables may affect the 

significance of some statistical tests, which will indicate any weakness of the 

interpretation of the production function on the causal relationship between 
' 

production factors. 

There are many criteria according to which such discrimination can be made· , 

using statistical tests and economic restrictions. To discriminate between the two 

functions (C-D and CES), the researcher has used the following criterion. Starting 

with the CES production function, which is more general than C-D, and is capable of 
• 

1+p 
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order to discover whether the estimated value of a is significant, when a is found to 

be significant and the equation satisfies the following restrictions O < a < 1 and 

p > -1, then we ass111ne that the best function to describe the production process in 

the Libyan agricultural and manufacturing sectors is the CES production function. 

5-4. T/1e/u11ction and metl,od used to estimate tl,e productionfi,nction: 

In this section, different fo1·ms of CES and C-D have been estimated in order 

to investigate the relative importance of factor inputs and of technical progress on 

economic gro\Vth in the Libyan agricultural and manufacturing sectors, and to 

·measure the elasticity of substitution between the factors. The data are time series of 

the output value, n111nber of workers and net capital stock in these sectors. 

,. 

The methodology used for this purpose is based on the idea of neo-classical 

and endogenous growth theories. The two functions have been estimated under both 

specifications of constant and variant Hicks neutral technical progress. Furthermore, 

the growth rate of technical progress will be expressed in two ways, the first one 

includes t in the production function in order to capture a constant acceleration or 
• 

deceleration of technical change; and the second one includes t 2 in the function in 
• 

order to express a continuous acceleration or deceleration of technical change during 

the period from 1970 onwards. 

Since there is not good a priori estimate about the value of elasticity of 

substitution and about the best fit production function to the Libyan economy, the two 

functions are estimated. Before obtaining the results of estimated production functions 

in the agriculture and manufacturing sectors, the equations should be represented. A 
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basic model of the Libyan agriculture and manufacturing sectors, which using a CES 

specification is represented as follows: 

-v 

(5-11) 

The CES production function is non-leaner in its pararneters and it cannot be 

estimated directly. Furthermore, it is difficult to linearize it by taking natural 

logarithms. Hence, these specifications are transferred to their linear approximation 

using a Taylor's series expansion formula (Kement, 1986). So the case of equation 

5-11 can be rewritten in its linear approximation, which yields:-

• • 

• 

(5-12) 

where A, A, Il and 'I' are para1neters to be estimated representing the efficiency 

parameter, the constant and variant rate of Hicks neutral technical progress and the 

parameter of the durruny variable. D are five dummy variables representing some 
' 

structural change: 

v
1 

refers to the period 1992-2002 ( a period of economic embargo on Libya). 

v 2 refers to the period 1973-1974 (the time of the Arab-Israel war).· 

D3 refers to the period 1982 (the time of a world recession) 

D4 refers to the period 2002-2008 (major structural and management changes in the 

country, surge in oil prices and an increase in the quota of oil exports resulting in huge 

increases in output) 

140 



Ds refers to the period 1993-1996 ( application of a three-year programme in 

agricultural sector) 

The parameters of equation 5-12 are related to the parameters of the equation 5-11 in 

the following way: 

Q;, K, and L; are output value, net capital stock and number of workers in the 

, agricultural and manufacturing sectors respectively, where i =1,2 and 3 indicating 

agricultural, manufacturing and productive sectors respectively. 

A is constant rate and refer to the efficiency parameter. 

8 is the distribution parameter representing capital intensity. 

v is the returns to scale or the degree of homogeneity of the function, where 

p is the substitution parameter from which can be found the elasticity of substitution. 

1 
• (J--
1.e. - l+ p as p tends to zero the CES collapses to the C-D production 

However, if the restriction of Constant Returns to Scale (CRS) is made such that v = 1, 

then the linear approximation following Kmenta' s formulation is as follows: 

Q K K 
ln(-) = lnA +lt +Tit 2 + 4'D+8ln(-' )-0.5p8(1-.8)(ln(-1 )2 +u 

4 ~ ~ 
(5-13) 

Another very widely used production function in both theoretical and empirical 

studies is the Cobb-Douglas function (Sadeg, 1996), and its basic specification is 

represented in the following equations:-
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(5-14) 

where A, it+ n, 4', /31 and /32 are para111eters to be estimated representing the 

efficiency parameter, the constant and variant rates of Hicks neutral technical progress, 

the parameters of dummy variables and the elasticity of substitution of output with 

respect to capital and with respect to labour respectively. u is assumed to be a 

random error term with zero mean and a constant variance. The C-D production 

function in the agriculture and manufacturing sectors are estimated using Ordinary 

Least Squares (OLS) after taking a natural logarithm and adding an error term (U) in 

order to transfer the equation to its linear form. This yields: 

InQ = In A+ At+ Ilt2 +'PD+ /3 1 In K, + /32 lnL, + u (5-15) 

where /J1 =a and /J2 = 1-a 

In estimating the C-D production function under the restriction of Constant Returns to 

Scale (CRS), the equation is estimated in the following form:-

L, L, 
(5-16) 

To discriminate between the above four specification 5-13, 5-14, 5-15 and 5-

16, testing the null hypothesis that HO : p = 0 against the alternative one, that 

Hi : p :1- 0 is the first step in the estimation process, in order to determinate the best 

fit function for the Libyan economy (whether CES or C-D production functions) , 

when the null hypothesis is rejected and p value is found to be significant, the CES 

' 

production function will be the best in describing the production process in the Libyan 
• 

• 
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productive sectors. In order to choose between the specification of constant and 

variant Hicks neutral technical progress and of constant and variable returns to scale 

in 5-13 and 5-14, their detennination coefficients (R 2 
) value will be compared. The 

F _ test and T - test will be also used, in order to discriminate the preferred 

specification. The T - test can be applied to a test of significance of the parameter 

estimates. The F - test is used to test the overall significance of a regression. This 

test aims to find out whether the explanatory variables (dependents variables) do 

actually have any significant influence on the independent variable. Fonnally the test 

of the overall significance of the regression implies testing the null hypothesis that: 

Ho :/3, =/32 =/33 = ..... /Jk =0 

H
1 

: not all /31 are zero. 

If the null hypothesis is accepted, that all the parameters of the regression 

model are zero, meaning there is no linear relationship between independent variables 

and dependent variables. If none of the two specifications of the CES production 

function 5-13 and 5-14 satisfy ;the restrictions of T-test and F-test, the C-D 

production function will be the preferable one, if the null hypothesis is accepted. The 

same procedures are followed for a matter of discrimination between specification 5-

15 and 5-16 of the Cobb-Douglas production function. 
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5-5. Growth accounting approach: 

The growth accounting approach is a method designed to quantify the 

contribution of factor inputs to the increase of output growth. A contribution is also 

made by change in technical progress or the total factor productivity (TFP). The TFP 
• 

contribution is interpreted as a contribution to technical progress and/ or efficiency 

improvement (Minh and Long, 2008). 

This concept of TFP is in general based on the context of the neo-classical 
• 

growth model. The growth accounting approach is identified with the work of Solow 

(l 957) who attributed the shift in production to the increase in production factors 
• 

• 

(labour and capital) and the shift of technical progress, as well as the Work of Denison 

(1962), Kendrick (1961) and Jorgenson and Griliches (1967). 

The output elasticity with respect to each factor input is not observable and 
• 

must be estimated from the production function. This approach is quite common, and 

it has been used in many countries at different levels. 

Willman (2002) applied a model to European area data from 1970-1997, 

assurning that the underlying production function is either CES or C·D. His study 

shows the unity of the elasticity of substitution, indicating that the CES production 

function was not able to explain the aggregate European data, and the Cobb-Douglas 
/ 

fonn is the correct production function. The elasticity of output-capital ratio was equal 

to 0.29%, and was equal to 0.35% for technical progress. Willman (2002) derived an 
• 

average annual growth rate of 1.4% in total factor productivity in the estimation 

period. 
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Minh and Long (2008) studied the source of Vietnainese economic growth for 

the period 1985-2008, and found that economic growth was largely driven by capital 

and labour inputs, and partly driven by technical progress. The contribution of capital, 

labour and technical changes were 45.8%, 34.5% and 19.7% respectively. Their 

findings were based on variety of growth rates of productivity which they found for 

three sectors na1nely; industrial, agricultural and service sectors, where their 

productivity growth rates were 6.3%, 1.6% and -4.7% respectively. Minh and Long 

(ZOOS) attributed the low technical efficiency to the inability of workers to adapt to 

new technology, or mismanagement in business ~ctivities. 

Drawing on neo-classical theory Jajri and Ismail (2010) built a model in order 

to observe to what extent the Malaysian economy has benefited from educational 

expansion. Their model used the quality of labour ~d capital stock as independent 

variables. The quality of labour is expressed by a measure of effective labour and 

level of education obtained by the employment. The production and productivity 

functions of the Malaysian economy are estimated using data for the period 1981-
• 

2001. Jajri and Ismail (2010) found that capital stock and capital labour ratio played a 

major role in growing of the Malaysian economy and that effective labour also had a 

positive impact on Malaysian economic growth, but its contribution was less than that 

of physical labour. The growth accounting approach in the current study is related to 

neo•classical growth theory. The analysis starts from the standard aggregate. neo

classical production function, which is specified as:-

Q(t) = A(t)f(K(t),L(t)) (S-19) 

• 
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• 

where Q is aggregate output, K and L are capital and labour inputs. The ter1n A 

represents the unknown residual (technical progress), and t indicates time. 

In applying a suitable form of production function, equation 5-19 is assumed to be 

an aggregate production function. However, three important points have to be kept 

in mind: 

I. The problem of identifying the movement along the production function 

represented by the term/(K,L), and the shift of a particular production 

function represented by the term A . 

2. In terms of the specification of technical progress, since neo-classical 

growth theory ass1J1nes that it is exogenous, it does not state whether the 

rate of technical progress has to be constant or variable. 

3. The specification of the elasticity of substitution value must be quantified. 

The gro,vth accounting formula can be easily obtained by differentiating a 

' 

logarithm of equation 5-19 with respect to time and dividing both sides by Q as 

sho\Vll by: 

• • • • 
Q A oQ • K • K oQ • L • L ~=== +- -•·• -+- - s:amm 

Q A oK Q K oL Q L 
(5-20) 

• • 
where K and L are differentiating K and L with respect to time. The first ter111 on 

the right hand side of equation 5-20 is the gro,vth rate of technical progress or of 

TFP. According to the growth accounting approach, the equation could be re

written as follows:-

• 
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growth ra.t• 
-of GDP 

or 

growth -rat, 
of capita.I 

GQ =Gr+aGK+/JGL 

growth rat• 
of labour 

growth rat, 
+ of technlca.l pro9r•ss 

orTFP 

where GQ,Gr,GK and GL are the grovvth rate of Q,T,K and 

L respectively. 

(5-21) 

Neo-classical theory ass1Jmes that elasticity of output with respect to factor 

inputs is equal to their respective shares in national income. This assumption relies on 

the neo-classical theory assu1nption of a perfectly competitive market; it means that 

pay factor is assumed to be equal to its marginal product. 

The equation 5-21 identifies the contribution of factor inputs to output 

growth as follows:-

aGK= Contribution made by capital ( K ) at time t 

PG L = Contribution made by labour ( L ) at time t 

Gr = Contribution made by technical progress or TFP at time t. 

In addition technical progress or TFP is the difference between the growth rate 

of output and growth rates of the production factors involved. The technical progress 

(TFP) is considered in this study to be the effect of many factors, including 

substitution of capital for labour, education, improved health, economics of scale, and 

research and development ( R & D ). 
, 

In this study, the C-D and CES production functions have been used to 
\ 

estimate economic growth in the Libyan productive sectors. The two functions are 

estimated under the specification of constant and variable Hicks neutral technical 
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progress, and under the restriction of constant retur11s to scale. Hence, a basic model 

of the Libyan productive sectors output that uses a C-D specification in its general 

f 01m can be seen in the following equation: • 

• 

. 

Q = AtKa L/J eu (5-22) 

• 

where a and f3 are paratneters to be estimated, representing the elasticity 

of output with respect to capital and labour respectively. u is a random error ter1n 
• 

with zero mean and a constant variance. The shares of capital and of labour are equal 
• 

to a and f3 , and they can be used in calculating economic growth when the 

underlying production function is the C-D for1n, further1nore, those shares are 

• constant over time. 

In contrast, when using the CBS production function to estimate the 

economic growth in the L~byan productive sectors, the shares of capital and of labour 

are no longer ass1Jmed to be constant when the function is a CES production function. 

According to the general for1n, of CES, and according to Jalava et al (2005) these 

shares, with constant growth rate of technical progress, can be calculated as follo\vs:-

(5-23) 

• 

(5-24) 
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where sK and sL are the income share of capital and labour respectively. Equations 

5-23 and 5-24 show that the income share of each factor depends on the rate of 

technical progress and on the elasticity of substitution between capital and labour. An 

improvement in the productivity of capital (QI K) and of labour (QI L ) leads to an 

increase in the shares of these factors when the elasticity of substitution is less than 

one• (Jalava et al., 2005). 

The source of growth will be identified as follows: 

Firstly, the input shares of production factors are constructed according to equations . 

5_23 and 5-24 if the CES form is the selected function. However, if the selected 

function is of C-D form rather than CES, a and /3 would be used as shares. 

Secondly, by combining those shares with the growth rates of the production factors 

and then by adding the contribution of technical progress, the estimated growth rate of 

output will be obtained. In fact, there are other different methods which can be used 

• 

for this purpose, for example, an annual average growth rate can be calculated by 

comparing the values of the variables in the base and the end years. Alternatively, it 

would be possible to calculate the growth rate in every year and take the average as 

the representative rate of growth during the period under consideration . 

• 

However, none of the above methods can be used in this study as they imply a 

comparison of two points in time and ignore any changes in the variables during the 

study period. The Libyan economy experienced several recessions and/ or booms 

b . t· d. . er -1 • P is a su st1tu 10n parameter an 1t 1s equal to -- , when the elasticity of substitution ( a ) is 
er 

equal to one the p will approach zero. 
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during· the period covered. The above methods would have completely failed to grasp 

any such possible changes. 

for the above reasons the OLS method chosen. This method is assumed to 

identify the growth rate over time that best fits with all of the varying annual growth 

rates, rather than the growth rate between two points in time. 

S-6. Stationarity Test: 

This study aims to estimate the production functions of the Libyan productive 

sector over the period 1970-2008, in order to analyse and study the effect of 

production factors (labour and capital), as well as technological progress on economic 

growth in these sectors in the long-run. 

There is a belief that T - test and F - test indicate the presence of a 

significantly causal relationship between variables involved in the production process, 

especially when using long-term time series to test the relationship between these 

variables. However, in fact, what is obtained from the estimate of production 

functions is a contemporaneous correlation between the variables and not a causal 

relationship: this is because traditional regression analysis includes variables with unit 

roots which can give spurious regression (Thomas, 1997, p. 374). This happens when 

the variables involved in the production function used are- non-stationary. 

Econometric studies argue that time series of economic variables are frequently non

stationafY and at best become stationary only after differencing (Dickey and Fuller, 

1981 and Hendry and Juselins, 1999). 
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At the presence of non-stationary data a regression process between variables 

may produce significant results with a high determination coefficient ( R 2 ) value, but 

in fact this may be a spurious or meaningless. This is because that the concept of non

stationary variables is that their mean variance or covariance changes over time. In 

other words, non-stationary means that there are different values of the mean of 

variables at different points in time dwing the study period (Harris, 1995). 

To avoid facing econometric problems, such as the spurious regression 
• 

problem, the non stationary data can be repeatedly differenced until stationarity is 

achieved. The stationarity test which is a so-called unit roots test is introduced as a 

first step in the estimation process of this study, in order to detect and overcome this 

kind of problem. 

However, some economic time series (Q for example) need to be differentiated in 

order to achieve stationarity. This can be as follows: 

AQ, = Q, - Q,-1 (S-25) 

-
I 

Thus, the time series would be united or is integrated of order one /(1) if it was 

stationary after calculating the first difference. In general, the time series are united 

or integrated of order d, if it is necessary to calculate its difference of (d) to be in · 

~ the stationary case. In view of the importance of the stationary variables in 

regression analysis, the test must happen prior to the estimation process. The ref ore, 

the first step in any applied economic study is that each variable should be tested. 
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Therefore, this kind of test receives close attention from economists, and there 

are many econometric methods in economic literature which can be used for such 

tests, including; Co-integrating Regression Durbin-Watson (CRDW) of Sargan and 

Bhargare (1983), Z -Test of Philip and Perron (1987) and ADF and DF tests of 

Dickey and Fuller (1981). The Dickey-Fuller test is the most commonly used in 

applied studies. Using the Dickey Fuller test for stationary variables can be 

explained by assuming the following equations: 

Q, = aQ,_1 + u, 

Q, = a0 + aQ,_, + u, 

Q, = a 0 + aQ,_1 + ).f + u, 

(5-26) 

(5-27) 

(5-28) 

These three equations are different to each other in the sense that the arithmetic 

mean of time series is equal to zero in equation 5-26, and is not equal to zero in 

equation 5-27; the mean is not equal to zero and the equation contains a time factor 

in equation 5-28. The unit roots test is based on the value of a . If a ~ 1, the time 

series of Qt are non-stationary. However, in the case of a c 1, the time series of 

Q, are stationary. 

In equation 5-26 the time series of Q, are stationary only in the case of 

-1 c a c 1 . If not, Dickey and Fuller ( 1981) propose some conversions to 

eliminate of the non-stationarity problem, and therefore equation 5-26 can be 

refonnulated as follows:-

Q, -Q,_1 = (a - l)Q,_1 + u, 
(5-29) 
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by assuming that /3 = a -1, equation 5-29 can be re-written as follows: 

ti.Q, = f3Q,_1 + u, (5-30) 

where ti.Q, is first difference of series Q, 

To test equation 5-30 Dickey and Fuller proposed two kinds of tests. The first 
\ 

one is DF - test, which is based on estimating equation 5-30 and testing whether 

/3 == 'o. This test is valid only if the value of the residual (u,) in equation 5-30 does 

not suffer from an auto-correlation problem, but if (u,) suffers from this problem, 

the second test, which is known as the Augmented Dickey-Fuller test (ADF) must 

be used, which is enough to remove this problem. In both tests, the degree of 

1 _ test for the variable Q,_1 can be assured by comparison with the values 

indexed by Dickey and Fuller (Dickey and Fuller, 1981). 

S-7. Co-integration test: 

The concept of co-integration is based on the fact that if the level of variables 

of the model is not stationary, but they co-integrate in their first level, they can be 

used in the regression process, and the regression will not be spurious. Hendry and 

Juselius (1999, p. 18) state that "when data are non-stationary purely due to unit 

roots, they can be brought back to stationarity by linear transformations". The 

statistical concept of the co-integration is the existence of a long run equilibrium 

relationship between variables in the economic system over time. To illustrate this, 

a simple regression can be made, as in the following equation: 

Q, =f(K,,L,) 
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where Q,,..., l(d) K,~ l(d) and L,,..., l(d) 

The Ordinary Least Squares (OLS) can be used to test if u is integrated of the 

order zero, /(0) where u are residuals of the co-integration regression. If the 

residuals are integrated of zero /(0), hence, the variables used in the regression 

model are co-integrated of order one /(1). Then their level can be used in the 

regression process, thus avoiding the loss of information inherent in the long-run 

level of variables, if their first difference is used. The co-integration test is based on 

the knowledge of whether u are stationary or integrated of order zero /(0). Co

integration brings with it two econometric questions. The first is how to estimate 

the co-integration parameters and the second is how to test whether two or more 

variables are co-integrated or spurious. The first step to test the co-integration is a 

long-run regression for each of the following equations in order to obtain residuals 

regression. Then the Unit Root Test is applied on these residuals. This approach is 

the Augmented Dickey-Fuller residual-based test proposed by Engle and Granger 

(1987). 

u = In Q,, - /30 - /31 In K,, - {3 2 L,, 

and 

Q K 

and 

and 

0 K K 

• 

• 

(S-31) 
• 

(5-32) 

(5-33) 

• 

(S-34) 
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, ___ ,.511 - ... -•~---~~ ..... __,.~~ --, 

; == 1,2 and 3 representing agriculture, manufacturing and productive (agriculture + 

manufacturing) sectors. 

These equations are called co-integration regression, and ( u ) is a linear 

combination (residuals) generated by the regression of a long-run equilibri1_.11n 
• 

relationship. This co-integration test is based on verifying that ( u ) are stationary; 

integrated of zero /(0). This involves estimating 

• 

' 

where e is white noise. If Po is significant, then the null hypothesis that; 

Au, ~ /(1) would be rejected, and the alternative hypothesis that Au, ~ /(0) 

would be accepted. The Engle and Granger approach is analogous to univariate 

tests used to determine the order of integration of variables, but here it is the 

residuals that are tested. The major drawback of Engle and Granger's method is 

that it implies a unique co-integration vector. However, in the real world all the 
• 

economic relationships are complicated, and where a co-integrating regression has 

more than two variables, there may be more than one co-integrating vector. Thus, 

· the use of this approach in this study is not appropriate. This led to further testing. 

There are many other statistical tests that have been developed to test the 
• 

integration of time series, including those of Durban-Watson, and the Johansen

Juseliues co-integration test which has become the standard in the econometric 

literature (Turner, 2007). The Johansen integration approach has been used in this 

study, to examine the long run relationship between the exogenous and endogenous 

variables of the model, and to test the co integration between the variables. 
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Johansen ( 1988, 1991) suggested using two test statistics for the number of 

independent co-integration vectors r (r is number of co-integration vectors), based 

00 the number of significant eigenvalues of the co integration matrix. Maximal 

eigenvalue is employed to test the null hypothesis that r c q against of the 

alternative hypothesis that r = q , and to use Trace test for the null hypothesis that 

r ~ q against of the alternative one that r c q + 1 . The latter approach is adopted 

in this study because it allows the estimation of all the possible co-integrating 

relationships existing among the variables, and it allows the number of co

integrating vectors to be determined empirically. 
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CHAPTER SIX 

An estimation of tl,e production/unction in t!,e Libyan Agriculture and 
Manufacturing sectors 

6-1. Introduction: 
The aim of this study is the econometric analysis of Libyan economic growth 

over the period 1970-2008. A small macro-econometric model for the Libyan 

economy has been constructed. A production function for Gross Domestic Product in 

the Libyan productive sector (agriculture and manufacturing sectors) is estimated 

using a wide range of statistical tests in order to find the relative importance of factor 

inputs and of technical progress on economic growth in these sectors, and to measure 

elasticity of substitution and returns to scale. The study also set out to find an answer 

to a number of questions such as; what specification of the production function (C-D 

or CES) is more suitable for the Libyan economy and what are the input factors which 

have affected the output of the agriculture and manufacturing sectors in the last thirty 

eight (1970-2008) years. 

Both the C-D and CES production functions are used and a wide range of 

econometric tests are employed. The two functions are estimated using constant and 

variant forms of technical progress and under the assumption of variant and constant 

returns to scale. 

Toe neo-classical approach is used to estimate the model. The rest of this 

chapter is divided into eight main sections. Application of stationarity and the order of 

integration tests of each individual variable will be the first step in the estimation 

process, which are presented in sections 6-2 and 6-3 respectively. Section 6-4 contains 
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estimations of~e long-run relationship between endogenous and exogenous variables 

in the agricultural sector, using both C-D and CES production functions, and 

discusses the econometric results. Section 6-6 presents the estimation results of the 

Libyan manufacturing production functions. Measurement of average an_d marginal 

product of factor inputs (capital and labour) in the agricultural and manufacturing 

sectors will be presented in sections 6-5 and 6-7. Section 6-8 contains the conclusion. 

6-2. Application of stationarity test: 

Most economic time series are not stationary, and examining each variable 

individually should be the first step in any empirical study, starting by subjecting 

the variables to a unit roots test using the Dickey-Fuller (DF) and the Augmented 

Dickey Fuller (ADF) tests. The essence of the Dickey-Fuller test is rejection of the 

null hypothesis. The null hypothesis is that the time series has a unit root, i.e. 

H
O 

: /Jo = 0 is tested against the alternative of stationary, i.e. H 1 : /30 c O . 

If the null hypothesis is rejected, then the time series of the variable is stationary, 

and if the null hypothesis is not rejected, then the time series is non-stationary. The 

critical values related to t - statistics are taken from the tables of Mackinnon 

( 1991 ). Table 6-1 presents the results of the unit roots hypothesis test for all the 

variables at the 5% and 10% significance level. DF and ADF have been tested for 

all variables by applying equations 5-27 and 5-28. The table presents the DF and 

the ADF results on the level and first difference of the variables. The tables contain 

the results of each variable used in the estimation process in all sectors covered by 

this study. Numbers 1, 2 and 3 refer to the agriculture, manufacturing and 

productive sectors respectively. 

The DF and ADF test are calculated both with and without time trend. The null 

hypothesis is tested against its alternative. The results seem to accept the null 
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hypothesis of a unit root in their level with the exception of DF in the case of 

(lnK / L)1
2 • This indicates that the time series are no_t stationary using the absolute 

value of variables. 

However, the null hypothesis is rejected in the case of their first difference, 

the result indicated that all variables are stationary, confinning the possibility of 
• 

using the first difference of variable values in the estimation process . 

• 

\ 
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Table 6-1 

The result of unit roots test of the variables used in estimation of the production/unctions. 

WITHOUT TIME TREND WITH TIME TREND 

VARIABLE OF DF(l) ADF<O) ADFm ADF(2) DF DF(l) ADFl0) ADFll) ADFl2) CONCLUSION 

LoY, - -4.93 -1.71 -6.11 - -5.87 -2.12 -6.10 /(1) 
0.43 1.91 

~Lo Y2 0.52 -3.32 -0.79 -4.00 -3.76 -1.06 -3.95 /(1) 

~Lo Y3 0.33 -3.13 -1.26 -4.72 - -4.02 -1.46 -4.75 /(1) 
1.25 

Lo K, - -2.63 -1.30 -2.70 - -2.73 -1.22 -2.69 -7.40 /(1) 
0.04 0.96 

LoK2 - -2.26 -2.49 -2.23 -8.49 - -2.50 -3.05 -2.51 -8.44 /(1) 
0.93 1.39 

~LoK.3 . -2.42 -2.91 -2.42 . -2.62 -2.70 -2.65 /(1) 
0.75 1.39 

~LoL1 - -5.76 -0.79 -5.69 . -6.27 -0.64 -6.13 /(1) 
0.95 0.99 

LoL2 1.17 -6.14 -1.40 -6.21 - -6.45 -2.10 -6.37 /(1) 
1.90 

LoL3 - -4.59 -1.39 -4.62 - -4.85 -0.91 -4.77 /(1) 
0.13 1.46 

~(LO (KIL)", 1.75 -3.15 1.36 -3.11 - -3.39 0.87 -3.27 /(1) 
0.08 

~ (LO (KILt2 . -2.65 0.11 -2.62 . -2.87 -3.24 -2.83 /(1) 
0.05 1.49 

(LO (KIL)/ . -2.15 -1.31 -2.13 -6.50 - -2.23 -2.36 -2.21 -6.47 /(1) 
0.82 1.29 

-Lo (Y/L)1 0.51 -4.61 0.10 -5.70 . -5.44 -0.71 -5.68 /(1) 
1.16 

Lo (Y/L)2 . -4.08 -0.96 -4.76 . -4.58 -0.81 -4.68 /(1) 
0.93 0.98 

-Lo (Y/L)3 . -3.17 -0.87 -4.45 - -3.91 -0.86 -4.36 /(1) 
0.41 0.95 

~Lo (KIL)1 0.61 -3.44 -0.19 -3.44 - -3.51 -0.40 -3.42 /(1) 
0.68 

-Lo (KIL)2 0.05 -3.42 0.17 -3.38 - -3.66 -2.73 -3.59 /(1) 
1.42 

-Lo (KIL)J - -2.46 -1.40 -2.44 -7.415 - -2.53 -2.25 -2.51 -7.39 /(1) 
0.85 1.30 

~ 5% CV 5% CV 

- DF -1.95 DF -3.19 
~ ADF -2.94 ADF -3.53 

- 10% CV 10% CV 
~ DF -1.61 DF -2.89 

- ADF -2.61 ADF -3.19 - .. alue o Mackinnon 199 -cv~ test critzcal V ( I) 
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6-3. Application of Co-integration Test: · 
According to the Unit Roots test of the variables used in the estimation of 

production functions in the agriculture, manufacturing and productive (agriculture 

+ manufacturing) sectors, all variables are non-stationary in their level, but they are 

in their first difference. The Johansen method is applied to the data of the 

agriculture, manufacturing and productive sectors, in order to investigate whether 

any stable long-run relationships exist between dependent and independent 

variables. 

• 

Tables 6-2, 6-3 and 6-4 present the results of the Johansen test of the co-integration 

between the variables in the agriculture, manufacturing and productive sectors 

respectively. Fonts, a, b, c and d refer to the results of the co-integration test in 

specifications 5-31, 5-32, 5-33 and 5-34 respectively. Toe Johansen-Juseliues co

integration test has been used with and without time trend, in order to test the null 

hypothesis that r = 0 , which indicates the absence of co-integration between 

variables, against the alternative hypothesis that, r = 1 which indicates the presence 
• 

of co-integration between the variables of the model. 

The tables show that the maximal eigenvalue and trace statistics are all 

significant at 5% and 10%, the null hypothesis is rejected in all specifications, 

indicating that one co-integration vector exists between the variables in all the 

• equations. 
• 

Table 6-2: Johansen - Juselius Maximum Likelihood Co•integration .Test: 

Where r denotes the number of Co-integration vectors. 

' 
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Table 6-2.a 

List of variables included in the co-integrating vector of agricultural sector. 

lnQ lnK lnL (lnK-lnL)2 

a• Trace test 

Null Alternative Statistic 5%C.V 10%C.V 
trend No trend No trend No 

trend trend trend 

r-0 r I 69.61 60.25 63.87 47.85 60.08 44.49 
~ 

~/ r-2 38.41 29.99 42.91 29.79 39.75 27.06 

~ r 3 19.68 14.14 25.87 15.49 23.34 13.42 

- ,-SJ r 4 7.93 4.52 12.51 3.84 10.66 2.70 
- . . -c. v~ Crillcal value . 

b: Maxima tf;!enva ue es 

- Null alternative Statistic 5%C.V 10%C.V 

- trend No trend No trend No 

l 1i t 

trend trend trend 
- r===O r-1 31.21 30.26 32.11. 27.58 29.54 25.12 - rSl r-2 18.72 15.84 25.82 21.13 23.44 18.89 - r9 r-3 11.75 9.62 19.38 14.26 17.23 12.29 - r<3 r-4 7.93 4.52 12.51 3.84 10.66 2.70 -

Table 6-2.h 

List of variables included in the co- integrating vector of the agriculture sector. 

InQ lnK In L 

a. Trace test 
-Null Alternative Statistic 5%C.V 10% c.v - Trend No Trend No Trend No 

trend trend trend 
-r-0 r-1 47.43 33.06 42.91 29.79 49.36 35.45 
i---;.~1 r-2 18.69 5.48 25.87 15.49 31.15 19.93 - r9 r-3 5.00 0.004 12.51 3.84 16.55 6.63 
i..---: 

.. 
V /ue. -c. v- Cr1llcal a 
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b: Maxima 1J;!enva ue es · IE' / Ti t 
~ 

Null Alternative Statistic 5%C.V 10%C.V 
~ Trend No Trend No Trend No 

trend trend trend 
~ r-0 r-1 28.74 27.57 25.82 21.13 30.83 25.86 
~ 

r~l r-2 13.68 5.48 19.38 14.26 23.97 18.52 

r9 r-3 5.00 0.004 12.51 3.84 16.55 6.63 
-

Table 6-2.c 

List of variables included in the co- integrating vector of the agriculture sector. 

ln(QI L) ln(K IL) (ln(K I L))2 

a· Trace test 
~ Null Alternative Statistic 5%C.V 10%C.V -- Trend No Trend No Trend No 

trend trend trend 
~ 

r 0 r-1 43.41 29.48 42.91 29.79 39.7.5 27.06 
~ 

r~l r-2 21.92 11.50 25.87 15.49 23.34 13.42 
~ 

r9 r-3 7.86 2.21 12.51 3.84 10.66 2.70 
- - . . c. v- Crmcal value . 

b: Maxima 1J;!enva ue es 
~ Null alternative Statistic 5%C.V 10%C.V 

-- trend No trend No trend No 

IE' l Ti t 

trend trend trend 
- r-0 r-1 21.49 17.98 25.82 21.13 23.44 18.89 
- r~l r-2 14.05 9.29 19.38 14.26 17.23 12.29 -- r9 r-3 7.86 2.21 12.51 3.84 10.66 2.70 -

Table 6-2.d 

List of variables included in the co- integrating vector of the agriculture sector. 

In(Q/ L) ln(K IL) 

a· Trace test 

- Null Alternative Statistic 5%C.V 10%C.V -- Trend No Trend No Trend No 
trend trend trend -- r-0 r-1 16.02 3.92 25.87 15.49 23.34 13.42 

- r~l r-2 3.14 0.15 12.51 3.84 10.66 2.70 
i----- . . -C. v-- Cr1t1cal value . 
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b: Maxima Eifzenva ue est 
~ 

Null Alternative Statistic 5%C.V 10%C.V 

- Trend No Trend No Trend No 

l l Ti 

trend trend trend 

- 0 r=l 12.88 3.76 19.38 14.26 17.23 12.29 r - r~l r-2 3.14 0.15 12.51 3.84 10.66 2.70 
-

Table 6-3.a 

List of variables included in the co- integrating vector of the manufacturing sector. 

InQ lnK ln L (lnK -lnL)2 

a· Trace test 
- Null Alternative Statistic 5%C.V 10%C.V 

- Trend No trend No trend No 
trend trend trend 

- r-0 r-1 72.48 58.77 63.87 47.85 60.08 44.49 - r<l r-2 34.86 21.32 42.91 29.79 39.75 27.06 
- r9 r-3 17.46 10.49 25.87 15.49 23.34 13.42 

- ~3 r-4 7.03 2.56 12.51 3.84 10.66 2.70 
.- . . c. V= Cr1t1cal value . 

b: Maximal Eif!enva ue est - Null Alternative Statistic 5%C.V 10%C.V 

- trend No Trend No Trend No 

l Ti 

trend trend trend - r=O r-1 37.62 37.44 32.11 27.58 29.54 25.12 - r~l r-2 17.40 10.83 25.82 21.13 23.44 18.89 

i--r9 r=3 10.42 7.92 19.38 14.26 17.23 12.29 - r~3 r=4 7.03 2.56 12.51 3.84 10.66 2.70 -
Table 6-3.b 

List of variables included in the co- integrating vector of manufacturing sector. 

lnQ lnK lnL 

a, Trace test 
-Null Alternative Statistic 5%C.V 10%C.V - Trend No Trend No Trend No 

trend trend trend 
-r 0 r=l 45.08 38.00 42.91 29.79 49.36 35.45 
..--~} r=2 15.79 9.04 25.87 15.49 31.15 19.93 - r9 r=3 5.25 3.62 12.51 3.84 16.55 6.63 
L---- . . -c. v- Critical value . 
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b: ax1ma z~enva u es I e ~ t ' 

Null Alternative Statistic 5%C.V 10%C.V 
• Trend No Trend No Trend No 

trend trend trend 
r=O r=l 29.29 28.95 25.82 21.13 30.83 25.86 

~1 r=2 10.53 5.42 19.38 14.26 23.97 18.52 

r-5.2 r=3 5.25 3.62 12.51 3.84 16.55 6.63 

Table 6-3.c 

List of variables included in the co-integrating vector of manufacturing sector. 

ln(QI L) ln(K IL) (ln(K I L))2 

a· Trace test • 

Null Alternative Statistic 5%C.V 10% c.v 
Trend No Trend No Trend No 

trend trend trend 
r:::=O r=l 54.62 JJ.68 42.91 29.79 39.75 27.06 

r-S.l r=2 27.47 11.81 25.87 15.49 23.34 13.42 
2.69 12.51 3.84 r9- r=3 9.10 10.66 2.70 

• • c. V== Cr1t1cal value. 

b: Maxima 1rz:enva u • 

Null Alternative Statistic 5%C.V 10%C.V 
Trend No Trend No Trend No 

l e Test 

. 

trend trend trend 
r=O r=l 27.14 21.87 25.82 21.13 23.44 18.89 

~1 r=2 18.37 9.11 19.38 14.26 17.23 12.29 

r9 r=3 9.10 2.69 12.51 3.84 10.66 2.70 
• • 

Table 6-3.d 

List of variables included in the co- integrating vector of manufacturing sector. 

ln(Q IL) In(K IL) 

a· Trace test • 

Null Alternative Statistic 5%C.V 10%C.V 
Trend No Trend No Trend No 

trend trend trend 
r==O r=l 29.33 14.15 25.87 15.49 23.34 13.42 
r-S.l r=2 9.70 2.58 12.51 3.84 10.66 2.70 

• • -c. v~ Cr1t1cal value. 
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b: Maxima tf!enva ue es 1 E' 1 Ti t 

Null Alternative Statistic 5%C.V 10%C.V 
~ Trend No Trend No Trend No 

trend trend trend 
~ r-0 r-1 19.63 11.57 19.38 14.26 17.23 12.29 
~ 

~1 r-2 9.70 2.58 12.51 3.84 10.66 2.70 
-

Table 6-4.a 

List of variables included in the co- integrating vector of productive sector (manufacturing 
+ agriculture sectors). 

lnQ lnK ln L (lnK-lnL) 2 

a. - Null Alternative Statistic 5%C.V 10%C.V 
~ Trend No Trend No Trend 

• Trace test 

trend trend 

- r 0 r-1 64.96 56.11 63.87 47.85 60.08 

- rSl r-2 27.71 22.42 42.91 29.79 39.75 

- r9 r-3 15.88 11.09 25.87 15.49 23.34 

- rS3 r-4 5.67 3.55 12.51 3.84 10.66 - . . -c. v- Critical value . 

1 E' 1 Ti t b: Maxima 1JZenva ue es 

- Null Alternative Statistic 5%C.V 10%C.V - Trend No Trend No Trend 
trend trend 

- r 0 r-1 37.25 33.69 32.11 27.58 29.54 

- rSl r-2 11.82 11.33 25.82 21.13 23.44 
~ 

r9 r-3 10.21 7.53 19.38 14.26 17.23 

-- rS3 r-4 5.67 3.55 12.51 3.84 10.66 

-

Table 6-4.b 

List of variables included in the co- integrating vector of productive sector 
manufacturing+agriculture sectors). 

InQ lnK In L 

a· Trace test - Null Alternative Statistic 5%C.V 10%C.V -- Trend No Trend No Trend 
trend trend 

- r==0 r-1 48.08 44.09 42.91 29.79 39.75 

-rsl r-2 15.88 12.93 25.87 15.49 23.34 
-,si r-3 5.29 5.16 12.51 3.84 10.66 
i.---

. . -c. v- Critical value . 

No 
trend 
44.49 
27.06 
13.42 
2.70 

No 
trend 
25.12 
18.89 
12.29 
2.70 

No 
trend 
27.06 
13.42 
2.70 
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' 
• 

b: ax1ma I~r?enva u M · IE' I e Test • 

Null Alternative Statistic 5%C.V 10%C.V 
Trend No Trend No Trend No 

trend trend trend 

r=O r=l 32.20 31.15 25.82 21.13 23.44 18.89 

rSl r=2 10.58 7.76 19.38 14.26 17.23 12.29 
5.29 5.16 ' r=3 12.51 3.84 10.66 2.70 rS2 

Table 6-4.c 

Lisi of variables included in the co- integrating vector of productive sector. 

ln(QI L) ln(K IL) (ln(K I L)) 2 

• 

a• Trace test - • 

Null Alternative Statistic 5%C.V 10% C.V 
Trend No Trend No Trend No 

trend trend trend 
r==O r=l 40.86 22.35 42.91 29.79 39.75 27.06 

r-S.l r=2 15.28 10.31 25.87 15.49 23.34 13.42 
rg r=3 6.83 2.99 12.51 3.84 10.66 2.70 

• • c. V== Cr1t1cal value. 

b: Maxima 1genva ue e 

Null Alternative Statistic 5%C.V 10% c.v 
Trend No Trend No Trend No 

IE' I T4 st 

trend trend trend 
r==O r=l 25.58 12.04 25.82 21.13 23.44 18.89 

·,.SJ r=2 8.45 7.31 19.38 14.26 17.23 12.29 

r9 r=3 6.83 2.99 12.51 3.84· 10.66 2.70 

' 

• 

• 

Table 6-4.d 

Lisi of variables included in the co• integrating vector of productive sector. 

In(Q/ L) ln(K IL) 

a. Trace test 
• 

Null Alternative Statistic 5%C.V 10%C.V 
Trend No Trend No Trend No 

trend trend trend 
r==O r=l 19.0 14.41 25.87 15.49 23.34 13.42 

r-Sl r=2 4.70 2.93 12.51 3.84 10.66 2.70 
• • -c .. v-- Cr1t1cal value. 
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• 

• 
• 

b: ax1ma l, :r, 
" 

Mc · l E. envalue Test 

Null Alternative Statistic 5%C.V 10% c.v 
Trend No Trend No Trend No 

trend trend trend 
r=O r=l 14.3 11.4 19.38 14.26 17.23 12.29 

r'Sl r=2 4.70 2.93 12.51 3.84 10.66 2.70 

6_4 Econometrics results and a discussion of tl,e estimation of tl,e agric11ltural 

production function: 

Econometric estimation results are provided in table 6-5 and 6-6. The 
• 

agricultural sector over the period 1970-2008. The tables summarize the OLS 

estimates in the level of absolute value of the variable of the Libyan agriculture sector. 

Table 6-5 shows the estimation results for the CES production function (Kmenta 

approximation) using the absolute value of variables of the Libyan agriculture sector. 

' 

Results of the static regression of different specifications are presented in the tables, 

the first nine columns providing the unrestricted specification of (CRS), and the last 

six columns of the same table providing the results of the restricted (CRS) 

• 

specification. 

• 

• 
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Table (6-S) 
Estimation of the CES productionfunctio~ using the absolute value of variables under both specifications of Constant and Variant Hicks neutral technical progress, and under the restriction of 

Constant and Variable Returns to Scale, soeci 'ic to the Lib an a:riculture sector. 
Variable Returns to Scale VRS' Constant Returns to Seate ·cRS 

Equations l 2 3 4· s 6 7 8 9 1 2 3 4 s 6 -

Variables 
Constant 0.96 0.13 1.80 0.93 0.89 0.94 I.SO 1.56 1.84 -0.75 -0.86 -0.77 -0.77 -076 3.50 

(2.32 , •• 1'0.33' (2.43',*** I 2.24 1** c2.os·,•• (2.16'1•• (2.43' ••• l 2.51 , ••• (2.46 ••• -4.8 ••• 1· .. 5_7· ••• '4.9 ••• -4.8' ••• (-49)••· (23.7 ••• 
lnK 0.54 0.60 0.46 0.54 0.52 0.52 0.61 0.62 0.54 

3.64' ••• 3.67 , ••• l 2.85 , ••• 3.62 ••• I 3.42 , ••• 3.41' ••• 1'3.66 ••• 3.67' ••• 
I 2.68 *** I 

lnl 0.06 0.17 -0.017 0.06 0.08 0.07 -0.14 -0.15 --0.13 
0.281 (0. 74·, 1-0.08 0.28 ·o.39 0.32 i·.o.so -0.5S -0.48', ' I I 

ln(K IL) ' 0.14 0.36 0.12 0.12 0.17 1.00 
• '0.961 '2.52' ••• i 0.88 0.86 I 1.22 7.16 ••• 

(lnK-lnl)2 -0.02 -0.02 -0.01 -0.01 -0.01 -0.01 -0.01 -0.04 -0.03 0.11 0.05 0.11 0.11 0.10 -0.16 
·-0.s3 '-0.56 · -0.27, .·-0.37 --0.27 ,·..o.34, -0.90) I -0.91 (-0.64, ,·3.24 ••• •t ,54 I (3.36 ••• 1 3.3 I ••• 2.83 ••• . -4.9)*•• 

t 0.016 - 0.03 0.01 0.01 0.01 0.01 0.02 0.02 0.01 0.01 0.01 0.01 0.02 
·10.02 ••• · 2.64,••· 6.08 *** I 5.971*** ·s.94 ••• 4.881••· 4.96 ••• · 2.09'· 7.35 ••• ,'4.18 ••• 4.07 ••• 

' 2.66 , ••• 8.58·•·· ,2 0.0004 -0.0004 --0.0002 0.0004 
(9.12)*** (-1.361• lr-0.69, 8.17,••· 

Di 0.04 0.04 0.04 0.02 0.04 0.04 0.04 0.06 0.02 
0.83 0. 76'1 'O. 10· •0,45· I ' 0.741 0.67, 1'0.66' '0.89, I 0.31' 

D2 0.03 0.03 0.03 0.03 0.07 0.07 0.05 0.01 
0.53 ' ,·0.62 (0.61'1 0.60 1.09 t (1.06' I (0.90 I (0.17', 

D3 0.07 0.08 0.08 0.002 0.01 0.13 
'0.71 I 0.83'1 I 0.81 1·0.02. t 0.13' 1.23 

D4 -0.11 -0.13 -0.07 0.13 -0.36 
.... ).26 I •-1 ,48 .• -0. 73, , 1.81' •• (-4.s,••• 

D, -0.06 -0.08 • 
-0.95' ·-1.11 

R2 0.94 0.93 0.94 0.94 0.93 0.93 0.94 0.94 0.94 0.9S 0.96 0.9S 0.9S 0.96 0.92 

F 125.0 107.9 102.9 99.2 81.0S 68.47 612 54.4 84.6 223.1 256.S 133.4 107.8 99.4 45.2 

DJY 1.58 1.49 1.64 1.57 1.60 1.69 1.75 1.81 1.63 1.38 1.51 1.42 1.42 1.66 1.94 

Figures in the bracl.ets are the I - value •••significant at the I¾ level; ••significant at the 5% level; • significant al the 10% level. 
'I 

I refers to constant rate of technical progress. 

12 refers lo variable rate ofteclmicalprogress. 

In Q and I n(Q / L) as dependent variables for the unrestricted and the restr,·cted specification respectively .. 
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According to table 6-5 the coefficient values of (lnK -lnL)2 are not significantly 

different from zero, implying a C-D production function. The coefficient values of the 

CES are not all significant except for equations 2 and 6 on the right side of the table. 

Table 6-6 summarizes the estimation results for the para1neters of the CES _function, 

according to equation 4 from table 6-5, and from table 6-6, the P value is not 

different from zero; this implies that the elasticity of substitution between factor 

inputs is nearly equal to one, this also confinns that the C-D production function is 
• 

preferable for the Libyan agriculture ·sector. 

Table 6-6: estiniation result o.'CES rJarameters oj·rthe L~~·:1an a iculture sector 
Variables Coe ·:'1cient values 

A 2.53 
e 0.60 
p 0.30 
Cf 0.77 

The estimation result of the specification of the C-D production function is 

presented in table 6-7. The C-D production function was also estimated using the 

absolute value of variable, relaxing some restrictive hypotheses of the neo-classical 

framework, such as perfect competition, constant and variant returns to scale and 

Hicks neutral technical progress. The estimation results of the Variable Returns to 

scale (VRS) and Constant Retur11s to Scale (CRS) are presented on the left and right 

sides of the table respectively. The OLS method was used to estimate the C-D 

production function in the Libyan agriculture sector over the period 1970-2008, all 

-variables are expressed in 1980 base year pricing. 

• 
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Table (6-7) 
Estimation of the C-D production function, using the absolute value of variables under both specifications of Constant and Variant Hicks neutral technical progress, and 
under the restriction of Constant and Variable Returns to Scale, svecific to the Libvan a£ricultural sector. 

Variable Returns to Scale (VRS) 
Equations 1 2 3 4 s 6 7 8 9 I 
Variables 
Constant 0.49 0.85 0.035 1.78 0.8S 0.82 0.86 1.13 1.18 -1.21 

(0.6S) (2.42)* .. (0.092) (2.60)••· (2.4Jt•• (2.32) .. (2.38)0 (2.47)••· (2.57)••· (-12 6) ... 

lnK 0.60 0.46 0.51 0.41 0.48 0.48 0.47 0.47 0.47 
(9.02)••· (14.10)*** (IS.OJ)••• (8.75)••· (11.4)••· n t.n••• no.1n••• no.42)••• (10.4)* .. 

lnL 0.12 0.18 0.29 0.035 0.14 0.14 0.14 0.10 0.09 
(1.23) (3.80)*** (5.65) ... (0.34) (2.40) .. (2.45) ... (2.43) ... (1.28) (1.12) 

ln(K IL) 0.59 
(10.7)* .. 

(InK-InL)2 

t 0.016 0.035 0.014 0.015 0.015 0.01 0.01 0.01 
(11.48)*** (2.73)*** (6.78) ... (6.52) ... (6.49)••· (5.44)*** (5.51) ... (4.97)••· 

,2 0.0004 -0.0006 
(10.51) ... (-1.50)* 

n. 0.05 0.04 0.04 0.04 0.06 0.0008 
<0.92) (0.83) (0.78) (0.68) <0.96) (0.01) 

Di 
0.03 0.03 0.04 0.04 
<0.63) <0.69) <0.74) <0.73) 

DJ 
0.06 0.07 0.06 
<0.69) (0,72) (0.70) 

n. -0.07 -0.10 
(-0.96) (-1.20) 

Ds 
-0.05 
(--0.94) 

R2 0.69 0.94 0.93 0.94 0.93 0.93 0.93 0.94 0.94 0.93 

F 40.80 170.1 146.7 1322 127.2 100.0 82.1 70.3 61.4 168.6 

DJV 0.32 1.61 1.52 1.65 1.58 1.62 1.70 1.72 1.17 1.00 

Figures in the brackets are the t - value.••• significant at the 1% level; ••significant at the 5% level; • significant at the 10% level. 
t refers to constant rate of technical progress. 

t 2 refers to variable rate of technical progress. 

In Q and ln(Q IL) as dependent variables for the unrestricted and the restricted specification respectively. 

Constant Returns to Scale (CRS) 
2 3 4 s 6 

-1.21 -1.21 -I.I I -I.I I -1.08 
(-12.6) ... (-12.4)0 •• (-1 I.I)••· (- (-1 I.S)• .. 

10.9) 

0.58 0.58 0.56 0.56 0.57 
(10.3)••· (10,0) ... (10.2) ... 00.0) <I2.07)••· 

0.01 0.01 0.01 0.ot 
(4.95)••· (4.77)••· (2.77)••· (2.73) 

0.0003 
(3.92)••· 

-0.006 -0.005 0.02 0.oJ 0.oJ 
(-0.07) (-0.06) (0.34) (0.38) (0.46) 
0.06 0.06 0.04 0.04 0.05 
(0.82) (0.82) (0.65) (0.64) (0.82) 

-0.01 0.006 0.006 0.oJ 
(-0.10) (0.05) (0.04) (0.25) 

0.18 0.18 0.03 
(2.39) .. (2.19) (0.36) 

--0.01 -0.03 
(- (--0.43) 
0.17) 

0.93 0.93 0.94 0.94 0.95 

125.7 97.6 93.9 78.l 95.07 

1.06 1.05 1.38 1.37 1.49 
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Equation 2 in Table 6-7 employing the C-D production function with a constant 

form of Hicks neutral technical change was adopted because it gives the best results; 

it is written as following:-
• 

In Q = 0.85 + 0.46 In K + 0.18 In L + O.Ol6t (6-1) 

T- values (2.42) (14.10) (3.80) (I 1.48) 

R 2 == 0.94 F=40.80 D-JV=l.61 

where In Q is a natural logarithm of agricultural GDP, In K and In L are natural 

logarithms of capital stock and number of workers in the sector respectively. t 

indicates a time trend, expressing a constant Hicks neutral technological change. 

According to the table 6-7, and the equation 6-1, the model was chosen to express 
• 

that the production function of the Libyan agricultural sector is statistical significance 

for all parameters estimated. The R - Square of estimation is highly close to one, 
' 

•ndicating a very good fit of the model, it also shows that the dependent variables 
1 . 

explain the gain of 94% of the changes in the value of agricultural production. The 

F test is used to test the overall significant of a regression, in order to find out 

whether the explanatory variables do actually have any significant influence on the 

dependent variable. The null hypothesis (1!o.: that there is no relationship between 

the dependent and independent variables) is tested against the alternative hypothesis 

( Hi : that not all /J, are zero). The F statistics value indicates that the null hypothesis 

is rejected. The F statistics confirm that the estimation result of the model is globally 

significant at both 5% and I%. t - test also confirms the significance of the 

parameters estimated at the level of 5% and 1 %. The value of the Durbin Watson 

(D- W) coefficient at the level of 1 % attests to the absence of an autocorrelation 
, 

problem. 
• 
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• 

Economically, the function 6-1 gives a clear picture of the long-run relationship 

between production and its factors. It can be deduced from this function that there is a 

positive relationship between capital stock and labour, as well as the coefficient of 

technology and the growth in agricultural output. Therefore, the increase in 

agricultural output required to increase the combination of these factors or increase 

one of them can also be deduced. 

Hence, the share of agriculture to gross domestic product grew by 0.65% when the 

factor inputs (labour, capital and technical progress) grew by 1 %, this means that 

agriculture in Libya is characterized by decreased returns to scale. The results of this 

function also show that capital stock is the most important factor affecting the share of 
I 

agriculture to Libyan gross domestic product; when it increases by 1 % with the 

stability of other factors, domestic agricultural production increases by 0.46%, while 

with an increase of labour input by 1 %, agricultural output would increase by 0.18%. 

Also from the equation 6-1 it is clear that the rate of technical progress has a positive 

relationship with agricultural output; its contribution to output gro\Vlh rate is about 

1.6%. 
• 

• 

6_5_ Jt,feasurement of average and marginal product ofprod11ctio11/actors ;,, tl,e 

Libyan agricultural sector: 

To calculate the average and marginal productivity of production factors in the 

agriculture sector during the period covered, we should go back to the general fonn of 

equation 5-14. It is known that productivity is calculated by dividing GDP by the 

atnount or value of production variable; hence the average product of labour can be 
' 

calculated as follows: 
\ 

• 

L 
• 

• 
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Compensating the value of Q from the equation estimated, the following f orrn 

(average productivity) can be obtained: 

(6-2) 

Marginal productivity of labour can be calculated as follows: 
• 

• 

Taking the partial derivative of the equation estimated after putting them in the form 

of c-D, we can obtain: 

MPL = f32AtK 111 L/Jz-•e 
• (6-3) 

from equations 6-2 and 6-3 the following relationship can be obtained:-

(6-4) 

where MPL and APL are the marginal and average productivity of labour respectively. 

I 

The marginal and average productivity of capital are calculated by the same method. 

Table 6-8 and figures 6-1 and 6-2 show the marginal and average productivity of 

labour and capital in the Libyan agricultural sector during the period of study . 

• 
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Table 6-8 

The average and marginal productivity of production variables in agriculture sector over the period 

1970-2008 

The value in million LD. 

vear Elasticity value of capital (0.46) Elasticity value of labour (0.18) 
MPK APK MP,. AP,. 

1970 0.11 0.25 0.11 0.64 
- 1971 0.11 0.25 0.11 0.64 
- 1972 0.10 0.22 0.13 0.73 
- 1973 0.08 0.18 0.15 0.88 
- 1974 0.07 0.15 0.19 1.05 
- 1975 0.06 0.13 0.21 1.18 

1976 0.06 0.13 0.22 1.24 
1977 0.05 0.12 0.23 1.29 

- 1978 0.05 0.12 0.24 1.34 
- 1979 0.05 0.12 0.23 1.32. 
- 1980 0.05 0.12 0.24 1.35 

1981 0.05 0.12 0.25 1.40 
1982 0.05 0.12 0.24 1.38 

- 1983 0.05 0.12 0.24 1.35 
- 1984 0.06 0.13 0.22 1.26 

1985 0.06 0.14 0.23 1.30 
~ 1986 0.06 0.14 0.23 1.30 - 1987 0.06 0.14 0.23 1.30 - 1988 0.07 0.15 0.22 1.27 
~ 1989 0.07 0.15 0.22 1:27 - 1990 0.07 0.16 0.23 1.28 
- 1991 0.08 0.17 0.22 1.23 
- 1992 0.08 0.19 0.20 1.14 
- 1993 0.09 0.20 0.20 1.12 - 1994 0.10 0.22 0.18 1.04 - 1995 0.11 0.24 0.17 0.96 - 1996 0.12 0.26 0.16 0.91 - 1997 0.12 0.28 0.16 0.89 
- 1998 0.11 0.25 0.17 0.97 
- 1999 0.12 0.27 0.16 0.92 --- 2000 0.12 0.27 0.17 0.95 
~ 2001 0.10 0.22 0.34 1.91 - 2002 0.08 0.18 0.42 2.35 - 2003 0.08 0.17 0.47 2.64 - 2004 0.07 0.17 0.48 2.66 - 2005 0.07 0.16 0.48 2.69 - 2006 0.07 0.16 0.48 2.71 - 2007 0.06 0.14 0.82 4.58 - 2008 0.06 0.14 1.05 5.86 - Average 0.08 0.18 0.27 1.55 -

175 



Figure 6-1): the average and marginal productivity of labour input in the Libyan agricultural sector. 
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Figure 6-2: the average and marginal productivity of capital input in the Libyan agriculhtre sector. 
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From the table and figures it is noted that:-
• 

_ There was an increase in the marginal and average productivity of labour factor 

throughout the study period with the exception of the period 1983-1999. This decrease 

in the productivity of the labour input in the above period may have been due to the 

decline in output caused by a sharp increase in the number of workers during that time. 

Average productivity of labour also declined during the period 1995-1999 and then 

began to increase. This increase was not attributable to an increase in agricultural 

Production, however, but rather because of the preference of workers to move to other 

productive sectors such as the oil sector, as well as to public services. 

_ Marginal and average productivity of the capital factor showed a marked decrease 
' 

during the study period, with the exception of the period 1995-2000 when the 
• 

"' 

marginal and average productivity of capital grew. This increase may have been 

caused by the country following a policy of reducing public expenditure during this 

period, which coincided with the economic embargo crisis. Then the marginal 

spending on most sectors of the country ove~ the period 2001-2008, due to improved 

intemational oil prices. , 

_ It is clear that the agriculture sector in Libya has not reached the level of full 

employment for the production factors, due to the fact that agricultural production has 

been on the increase while using larger units of production inputs. 

_ Marginal productivity of labour and capital are less than the average productivity, 

this due to the fact that the elasticity of these factors is less than one . 

• 
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_ Table 6-8 and the figure 6-1 also show that the highest level of labour productivity 

was in 2008. This was not only as a result of an increase in agricultural output, but 

also because of a decline in the n1Jrnber of workers employed in agriculture at that 

• time. 

• 

6-6. Estimation results of manufacturing production/unctions: 

The Constant Elasticity of Substitution (CES) production function and 

Cobb-Douglas (C-D) production function have also been estimated, in order to 

highlight the relative importance of factor inputs and of technical progress on 

economic growth in the Libyan manufacturing sector over the period 1970-2008. The 

OLS method has been used to estimate the production functions using the absolute 

value of variables. The two functions are estimated with restriction and non-restriction 

of Constant Returns to Scale (CRS), and under both specifications of constant and 

variant Hicks natural technical progress. 

Tables 6-9 and 6-11 show the estimation results of the CES and C-D 

production functions r~spectively, using the absolute value of variables. The 

unrestricted specification of CRS is provided in the first seven columns, and the 

restricted are provided in the last six columns of the same tables. From the tables 

r-test values are mostly significant at 5% and 1 %, indicating the rejection of the 

null hypothesis. The coefficient of determination ( R - Square ) of all functions is 

highly close to one, indicating a very good fit of the model. However, the Durbin 

Watson (D-W) values are very low for most equations, indicating the presence of 

an autocorrelation problem in the error term in most of the cases, so that it is 

necessary that other methods should be used. The presence of autocorrelation between 

the error terms may be due to: 
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• 

a) incorrect specification of the function or (b) incorrectly excluding some important 
• 

variable or ( c) the possibility of successive observations likely to be interdependent in 

the time series due to business cycles (Koutsoyiannis, 1993). 

There are many methods which can be used as a solution for this problem, 

such as the use of a lag of the dependent variables as an explanatory variable, or using 

the first difference between the observation of variables instead of its absolute value~, 
' 

I 

or the use of an autoregressive model, or including variables which seem to be 
• 

important to the equations. Another problem that deserves to be mentioned is the 

strange behaviour of figures for the growth rate of output in the Libyan economy 

which is observed, especially in the period 1973-1974, 1982, 1992-2002 and 2000-

2008, where output seems to have caused fluctuation in growth rates in those periods. 

How:ever, to take these fluctuations in account, four dummy variables are included in 

the production functions. 

The C-D and CES have been estimated with their different fonns as defined 

in equations 5-12, 5-13, 5-15 and 5-16. The estimation results using the absolute value 

of variables are displayed in tables 6-9 and 6-11, where table 6-9 refers to the result of 

the CES estimation, while the result of estimation of the C-D production function is 

pr~sented in table 6-11. . 

The estimation results after adding the dummy variables show that the value of 

ourbin Watson (D-W) has improved, indicating the elimination of the 

autocorrelation problem. Further, the findings indicate that most of the parameters of 

the variables used in the estimation process are statistically significant, this is clear 

from the value of t - test • The F - test values are also significant in all the equations 
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estimated at the level of 5% and 1 %, indicating the rejection of the null hypothesis. 

The value of R - square has also increased from its previous level, indicating a close 

relationship between the independent and dependent variables. 

Since choosing the consistently appropriate function for the Libyan manufacturing 

sector is the main aim in this study, dealing with the estimation results of the CES 

function will be the first step in this section, and the results are tabled in 6-9. 

The table summarizes the estimation results of the CES production function by 

using Kmenta approximation; from the table, the coefficient values of A(ln K - In L) 2 

are not significantly different from zero, implying the C-D function should be 

employed in the manufacturing· sector. None of the coefficient values of the CES are 

significant except for equations 6 and 7 on the left side of the table. 
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Table (6-9) 
Estimation of the CES production function, using the absolute value of variables under both specifications of Constant and Variant Hicks neutral technical progress, and 
under the restriction o:"Constant and Variable Returns to Scale, soeci·7c to the Lib,;an manu 

... . 
actur1n£ sector. 

Variable Returns to Scale ·vRS'· 
Eauations 1 2 3 4 s 6 7 8 9 1 
Variables 
Constant 1.26 0.66 0.89 1.05 1.00 -0.71 0.22 -0.68 

·4_01 , ••• ·t.48" • (2.58)••· (2.42 ••• (2.26 •• ' -1.33 * '0.70 I I · .. 2_43· ••• 

lnK 0.10 0.26 0.24 0.29 0.29 0.64 0.51 
; ·o.s1 1 l .37·•• ·t .. 35 1• ; 1.65 .• I 1.64 * 3.90 *** I 3.43 ••• 

InL · 0.54 0.58 0.52 0.34 0.36 0.47 0.34 
·3.20·•··· '2.01 •• ·2.01 •• 3.30 I 2.49' ••• 3.44' ••• '3.54 ••• I *** 

ln(K IL) 0.47 
·1. 75· •• 

(lnK -lnL) 2 0.08 0.04 0.04 0.06 0.06 -0.01 0.004 0.03 
I 2.38 •• ·1.06 I 1.16 ·1.59 1• I '1.56'. -0.51 l 0.12 ·o.66 

t -0 .. 01 0.0007 -0.03 
·o. 10 -3.4" ••• ·-1.83' •• -

,2 -0.0001 -0.0005 
·-2.09 ••• I • ... 3.3•·· •• 

Di 0.20 0.20 0.22 0.19 
·2.12 .••· I 3.51 .••· I 2.86 tt♦ 

D2 

D3 
• -0.08 -0.16 -0.12 

·-0.69 ·-1.75 ** I -1.35 •• 

n. 0.39 0.36 
1'4.27 ••• 1·4.16·•·· 

R2 0.91 0.92 0.92 0.93 0.93 0.96 0.95 0.89 

F 121.9 98.4 101.4 0.95 78.1 105 .. 6 103.5 152.0 

DJV 0.83 0.91 0.92 1.09 1.06 1.79 1.60 0.33 

Figures in the brackets are thet - value, ••• significant at tl,e /'¼level; ••significant at the 5% level; • significant at t/1e /0%level 

t refers lo constant rate ef techn;ca/ progress. 

I 2 refers to mriable rate of Jechnica/ progress. 

In Q and ln(Q / L) m dependent variables/or the unrestricted and the restricted specification respectively. 

• 

Constant Returns to Scale (CRS' 
2 3 4 s 6 

0.02 -0.25 -0.09 -0.09 -0.28 
:0.14 .. _ 1 .20· -0.24) -0.38 ( .. 1 .s· • 

0.42 0.57 0.49 0.47 0.57 
(2.5)*** (2.9)*** (2.66)••· (2.59' I 

(4 20)••· 

0.007 -0.02 -0.001 0.002 0.002 
1·0.21· ·-o.ss· ·-0.03· ·0.01 0.10· I 

-0.01 
. 

..0.01 -0.01 .. 0.02 
(-7.62)••· (-7.39)••· (-7.37)••· 

.. 
(·11.4)••· 

-0.0004 
(-6.0)••· 

0.05 o.os 0.24 
'0.88 (0.89' (4 16)••· 

-0.14 -0.14 
·-1.15·; (-I.SB)* 

0.33 
(5.50)••· 

0.96 0.96 0 .. 96 0.96 0.98 

281.6 212.7 210.1 169.9 272.5 

0.86 0.65 0.83 0.83 1.66 

• 
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Function 6 on the left (VRS) side of table 6-9 is used to calculate the parameters of 

the CES production function, which are summarized in table 6-10. According to 

equation 6 and table 6-10, the p value is not significantly different from zero, leading 

to the unitary elasticity of substitution between factor inputs ( a = 0.94 ) is close to 

one), this further confirms that using the C-D production function as a best fit for the 

Libyan manufacturing sector. 

Table 6-10: estimation result ofCES parameters of the Libyan manufacturing sector. 

Variables Coefficient values 

A 0.84 

- 1.11 

-

s 

p 0.07 

a 0.94 

Estimation results of the C-D production function using the absolute value of 

variables are presented in table 6-11. The left side of the table show the estimation 

results of the equations under the assumption of Variable Returns to Scale (VRS), 

while the right side of the table shows the estimation results of the equations under the 

assumption of Constant Returns to Scale (CRS). The C-D production function is also 

estimated with variant and constant Hicks neutral technical progress specifications. 

The Ordinary Least Square (OLS) method is used to estimate the C-D function in 

the Libyan manufacturing sector, over the period covered by the study. All variables 

in the estimation process are expressed in 1980 base year pricing. Among the different 

estimated equations, the C-D form with constant Hicks neutral technical progress 

specification 5-15, which is presented in table 6-11, is a well specified equation, and 

that which best fits the Libyan manufacturing data. 
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Table (6-11) 
Estimation of the C-D production function, using the absolute value of variables under both specifications of Constant and Variant Hicks neutral technical progress, and 

under the restriction or constant and variable Returns to Scale, soeci'ic to the Libvan manu·acturin2 sector. 
Variable Returns to Scale, VRS' 

E uations t 2 3 4 5 6 7 

" Variables 
Constant 0.76 029 0.59 0.51 0.46 0.42 --0.50 

I 3.06 •••• j·t.04 (2.57 *** . 1.84' •• '1.66 * 1.48' • (l.63' • 

lnK 0.51 0.46 0.46 0.56 O.S6 0.56 0.56 
16.8'···· 13.80 ••• 13.12'1••· 11.06 ••• 10.98 .••· 1 10.S6' ••• 1 13.9' ••• 

lnL 0.18 0.43 0.34 0.17 0.18 020 0.50 
S.38 ••• '4.71 ••• ·s.63 ••• 1.28 ,·t.36 • 1.43 • 3.92' ••• I I 

ln(K IL) 

(lnK -lnL)2 

t 0.01 0.004 0.004 0.00S 0.03 
·2.sr ••• ' '0.68 '0.68) . 0.78 i 4.09 ••• 

,2 -0.0002 
1·-3_03·,•·· 

Di 
0.18 0.18 0.18 0.22 

(2.44 1••· (2.41 i•• '2.29 1•• '3.57 ~··· 
D2 

0.059 0.05 0.03 
•o.93 l 1·0.87 (0.59 

D3 
-0.07 --0. Is 

1 "..().6J I -1.63 • I 

D4 
0.36 
4.ss·•••• 

R2 0.90 0.91 0.91 0.93 0.93 0.93 0.96 

F 159.2 130..3 133.4 113.l 90.3 74.0 106.0 

DW 0.70 .87 0.87 0.99 1.02 0.99 1.74 

Figures in the bradet~ an IM t - value . ••• signifiamt al the I'¼ level: ... fignificont al the S¾ level: • signif,amt al the 10"-' /eveL 

I nfen to con.fl ant rare of tedmiad progreu. 

2 I nfen to WTriahle rate oftecl,r,icol progJ'ttf. 

In Q onJ ] n(Q / L) a., dependml YOriohfes for the 11nre.fln'cted and the ,e.tlricteJ .,pecification n.tpectwely. 

• 

Constant Returns to Scale CRS) 
8 9 l 2 3 4 5 

-0.49 0.19 -0.85 -0.004 -0.15 -0.09 -0.10 
j -1.64 * 0.99' (-8.9)••· (-0.03 ..1 .19 -0.58 I (-0.68 I 

0.56 0.53 
14.t' ·*** 11.1 ••· 
0.50 0.33 

I 3.95 ·*** l J.59 • •• 
0.65 0.4S 0.46 0.48 0.49 
17.5' ••• (13.7' ••• 1 11.3' ••• (11.0 ••• (11.1 ••• 

0.03 0.01 0.02 0.02 
l 4.21 *** l 7.80 ••• 7.52 ••• • 7.51)••· 

..o.ooos -0.0004 
I -4.1 •••• j ..6. I t••· 

0.22 0.19 0.05 0.05 
J.63 •••• ,2.91' 1••· (0.92 I (0.96'• 

-0.16 --0. 12 --0.14 
• 

..J.72 •** I •l.38'. --1.161 
0.36 0.37 
-1.71 •*•* (467 ••· -

0.96 0.96 0.89 0.96 0.95 0.96 0.96 

126.l 124.6 3082 433.9 324.8 288.3 218.7 

1.74 1.61 0.33 0.85 0.65 0.83 0.84 

,,. 

.. 
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-0.29 
1-2.s1· 1••• 

0.58 
16.26 ••• 

-0.02 
I -11.6 ••• 

0.24 
·4_35·•··· 

-0.14 
--1.60 • 
0.33 
(S.59·•••• 
0.98 

337.1 
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Equation 8 in Table 6-11, employing the C-D production function with a constant 

fo~ of Hicks neutral technical change, was adopted because it gives the best results, 

it is written as follows:-

lnQ = -0.49 + 0.56 ln K +0.50lnL+0.03t+0.22D1 -0.16D3 +0.36D4 (6-5) 

T - values (-1.64) (14.1) (3.95) (4.21) (3.63) (-1.72) (4.72) 

R2 = 0.96 F = 126.1 D-W = 1.74 

Where lnQ is the natural logarithm of manufacturing output, lnK and lnL are the 

natural logarithm of capital stock and number of workers in the sector respectively. t 

indicates time trend, expressing a constant Hicks neutral technological change. D1, 

D
3 

and D4 are dummy variables as represented previously. 

According to table 6-11, and equation 6-5, the model chosen to express the 

production function of the Libyan manufacturing sector is statistically significant for 

all parameters estimated; this was clear from the value of the t statistic at the level of 

So/o and 1 %. The R - square of estimation is highly close to one, indicating a good 

fit of the model, it also shows that the independent variables explain the gain of 96% 

of the changes in the value of manufacturing production. The F statistics confinn 

that the estimation result of the model is globally significant at the level of 5% and 

1 o/o, indicating a linear relationship between endogenous and exogenous variables. 

The value of the Durbin Watson (D-W) coefficient at level of 1 % proves the 

absence of an autocorrelation problem. 

Economically, function 6-5 gives a clear picture of the long-run relationship 

between production and its factor inputs. From this function a positive relationship 
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between capital stock and labour, as well as the coefficient of technology and the 
• 

gro'Wth in manufacturing output, can be deduced. Therefore, the increase in 

manufacturing output required to increase the combination of these factors (capital, 

labour and technical progress), or increase one of them, can also be deduced. 

• 

Therefore, the contribution of manufacturing to gross domestic product grew 

by 1.06%, while factor inputs (capital and labour) grew by 1%; this means that the 

manufacturing sector in Libya is characterized by constant returns to scale, which also 

' 

confirms the adoption of the C-D function. The results of this function also show that 

capital stock is the most important factor affecting gross domestic product in the 

Libyan manufacturing sector: when it increases by 1 % with the stability of other 

factors, the domestic manufacturing production will increase by 0.56%f while with an 
• 

increase of labour input by 1 %, the manufacturing output would increase by 0.50%. 
' 

Also from the equation it is clear that the rate of technical progress has a positive 

relationship with manufacturing output; its contribution to output growth rate is about 

3%. The coefficient of the parameters of duinmy variables indicates that the change in 

output of the Libyan manufacturing sector has a positive relationship with D1 and 

D4 , this indicate that the output of this sector improved in the embargo period (1992-

2002) and in the period 2002-2008. There was no improvement in 1982 (a boom year), 

and this confirms the inverse effect of the oil sector on the productive sectors in Libya. 

The right side of table 6-11 shows the estimation result of C-D under the restriction of 

CRS. Function 6 is the best to explain the relationship between capital-labour ratio 
• 

· and per capita income in the Liby~ manufacturing sector. From the equation is clear 

that an increase in capital-labour ratio by 1% leads per capita income to increase by 
• 

o.58%. This is identical to economic theory. 
I 

' 
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• 

6-7. Measurement of average and marginal product of production factors in tl,e 

Libyan manufact,,ring sector: 

The average and marginal product of the factors used to produce the output in the 

manufacturing sector have been calculated for the period 1970-2008. Equations 6-2 

and 6-3 are also applied to calculate the average and marginal product of factors 

respectively. Table 6-12 and figures 6-3 and 6-4 show:-

- The fluctuating value of marginal and average productivity of labour input during 

the period of study, whereby it can be noted from the table and the figures that 

marginal and average productivity .started to increase in the first years, and reached 

their highest value in 1977, then began to decline; this could be due to the fact that the 

rate of increase of the number of workers was greater than the rate of increase in the 

output of the manufacturing sector. The values of marginal and average product of 

.. labour continued to decline until the year 2001. This can also be attributed to the a 

reduction in the importance placed by the Libyan gover1unent on this sector, 

especially in the period of the nineties, which is reflected in a reduction in public 

expenditure on this sector, which reached zero in 1997. External economic and 

political factors also had an impact on the manufacturing sector, which is clear from 

the value of marginal and average productivity during the period 1992-2002 (the 

period of economic blockade). During this period the industrial sector saw significant 

decline in the marginal and average productivity of its factors. The decline here was 

because the Libyan manufacturing sector depended on imports for most industrial 

equipment and semi-manufactured goods from abroad . 
. 

• 

_ The average and marginal product of labour increased during the period 2002-2008. 

This increase was not due to an increase in output of the manufacturing sector, but 

because of the decline in the number of workers employed in this sector in that time. 
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' 

_ Marginal and average productivity of capital input began to decline until 1991 and 
• 

then increased up to 2002, and then declined again. Decline of productivity during the· 

periods 1970-1991 and 2002-2008 was due to the large-scale investment of capital 

during these periods resulting in low marginal productivity, unlike the period 1992-

2002, which was marked by an increase of marginal and average productivity 

because the govenunent reduced public spending on most sectors due to lower oil 

revenues during the economic blockade. 

• 

_ It is noted that the manufacturing sector in Libya has also not reached the level of 

full employment for production factors; this is clear from the fact that manufacturing 

production increased when larger units of production inputs were used . 

.. Marginal productivity of labour and capital are also less than average productivity, 

this is due to the fact that the elasticity of these factors is less than one . 

.. The average and marginal' product of capital input declined during the period 2000-

2008: this may be due to several reasons including the significant increase in oil 

prices and increased oil exports during this period. All these elements led to an 

increase in public spending. This also resulted in a decline in the productivity of 

capital at that time, 

.,,. The table 6-12 and the figure 6-3 also show that the highest level of labour 

productivity was in 1977. · 
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Table 6-12 

The average and marginal productivity of production variables in manufacturing sector over the 

period 1970-2008 

The value in million LD 

·i;ear Elasticity value or carJita/ '0.5~ Elastici4Y value ~r labour ,,.0.50) 
MPK APK MPL APL 

1970 0.15 0.28 1.4 2.8 
1971 0.13 0.23 I.I 2.3 
1972 0.12 0.21 1.5 3.0 
1973 0.11 0.20 1.9 3.8 
1974 0.09 0.16 • 2.0 4.0 
1975 0.08 0.14 2.0 4.0 
1976 0.084 0.15 2.2 4.4 
1977 0.09 0.16 2.4 4.9 
1978 0.09 0.16 2.2 4.5 
1979 0.09 0.16 2.0 4.1 
1980 0.07 0.13 1.8 3.6 
1981 0.06 0.12 1.9 3.8 
1982 0.06 0.11 1.5 3.1 
1983 0.06 0.12 1.5 ' 

3.1 
1984 0.06 0.11 1.7 3.4 
1985 0.07 0.12 1.7 3.5 
1986 0.05 0.10 1.4 2.8 
1987 0.05 0.09 1.2 2.4 
1988 0.06 0.11 1.3 2.6 
1989 • 0.06 0.12 1.2 2.S 
1990 0.07 0.13 1.1 2.3 
1991 0.08 0.14 1.0 2.1 

. 1992 0.09 0.17 1.0 2.1 
1993 0.12 0.22 1.0 2.0 
1994 0.11 0.19 0.66 1.3 
1995 0.13 ·0.24 0.62 1.2 
1996 0.12 0.22 0.48 0.96 
1997 0.15 0.27 0.40 0.81 
1998 0.15 0.27 0.42 0.84 
1999 0.17 0.31 0.39 0.78 
2000 0.21 0.38 0.44 0.80 
2001 0.19 0.34 0.64 1.2 
2002 0.15 0.28 0.64 1.2 
"2003 0.13 0.23 0.60 1.2 
2004 0.11 0.21 0.59 1.1 
2005 0.10 0.19 0.58 1.1 
2006 0.09 0.17 0.57 1.1 
2007 0.08 0.15 O.S5 1.1 
2008 0.07 0.14 0.50 1.0 

Average 0.10 0.19 1.21 2.40 
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Figure 6-3: the average and marginal productivity of labour input in the Libyan manufacturing 
sector during the period 1970-2008. 

6 

s 

4 
Q 
_; 
C 3 
~ 
~ 

2 
- APL 

- MPL 

1 

0 

1960 1970 1980 1990 2000 2010 

Year 

Figure 6-4: the average and marginal productivity of capital input in the Libyan manufacturing 
sector during the period 1970-2008. 
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• 

6-8. Conclusion: 
This chapter is a preliminary attempt to specify and estimate a sector 

production function for two commodity sectors of the Libyan economy: agriculture 

and manufacturing, depending on the availability of data on capital stock and nu1nber 

of workers, using the two widely adopted functions: Cobb-Douglas (C-D) and 

Constant Elasticity of Substitution (CES) . 

• 

• 

To avoid facing some of the econometric problems of an estimation process, 

such as the spurious regression problem, the unit roots test and co-integration: test 

were the first step in our regression process. The DF and ADF are used to test the 

stationary of variables used in the regression. The ·Johansen-Juseliues co-integration 

approach is used in this study because it is the most co1runonly employed in the 

literature and because -this study includes more than two variables. According to the 

above tests, the DF and ADF indicate an acceptance of the null hypothesis of unit 

roots with using the absolute value (level) of variables of the agriculture, 

manufacturing and productive sectors. However, the null hypothesis was rejected in 

this case when using the first difference of value of variable, confirming the 
• 

possibility of using the first difference of the observation of the variables. 

The co-integration test of Johansen-Juseliues (1988) is used and the results 

refer to the possibility of using the level of variables integrated at the same rank in the 

regression for all specifications (as in the case of the Libyan agriculture, 

manufacturing and productive sectors). In order to deter1nine the relative importance 

of production factors and of technical progress on the economic growth of the 

agriculture and manuf~cturing sectors, it is necessary to assess the preferable function 

to deal with the data in these sectors. The C-D and CES production function are 

• 
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estimated with and without restriction of Constant Returns to Scale (CRS) and with 

constant and variant Hicks neutral technical progress. The Ordinary Least Square 

(OLS) estimation of the log-linear Cobb-Douglass and CES production functions 

gives the following results:-

- Toe Cobb-Douglas production function is found to be the best fit function for the 

Libyan agriculture and manufacturing sectors. 

-Labour, capital and time (time variable as a proxy for disembodied technical progress) 

are significant explanatory variables in the two sectors. Economic growth of 

agricultural and manufacturing has been positively affected by the technical progress, 

but its effect was relatively small, this indicated by a low elasticity of output with 

respect to technical progress. 

_ Production in the agricultural sector exhibits decreasing returns to scale: the sum of 

the two estimated coefficients of labour and capital is less than one. On the other hand, 

production in the manufacturing sector exhibits constant returns to scale: the sum of 

the two estimated coefficient of labour and capital is equal to one. 

_ Toe contribution in GDP with respect to capital is higher than the contribution in 

output with respect to labour in both sectors, indicating that the economic growth of 

agriculture and manufacturing sectors are more responsive to change capital input. 

• ournmy variables are added to the regression process, in order to take into account 

the fluctuations seen in the growth rate of output. The coefficient of dummy variables 

indicates that the periods 1992-2002 and 2002-2008 have a positive relationship with 

the growth rate of GDP in both sectors, while the period 1982 has a negative 

relationship. 
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CHAPTER SEVEN 

An estimation of the production/unctions in the Libyan productive sector 

7-1. Introduction: 
In the previous chapter, the C-D and CES production functions were 

estimated in various for1ns for both the agriculture and industrial sectors separately, 

and the results show that the Cobb-Douglas production function is the appropriate 
• 

function to deal with data in these sectors. The two for1ns of production function are 

estimated in this chapter, but in a different way from above; the data used in the 

estimation process is defined by variables collected from both the agriculture and 

industry sectors, for1ning one sector, which is the productive sector. 

The value of contribution to gross domestic product (GDP) of this sector is 

the value of the contribution of the manufacturing sector plus the contribution of the 

agricultural sector; this is also the case with respect to labour and capital inputs. 

Agriculture and manufacturing have been selected to represent the Libyan productive 

sector, because these sectors are the main productive sectors targeted by Libyan 
• 

development plans. They have also attracted significant interest from the goverrunent 

during the study period. Most investment has been directed to these sectors (as noted 
• 

• 

in chapter two) in order to diversify the local economy and to encourage alternative 

sources of income in addition to oil. 

This chapter contains an estimation of the long-run relationship between 

endogenous and exogenous variables in the productive sectors, using both C-D and 

cES production functions in their different for1ns: this process is outlined in section 7-
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2, while section 7-3 contains the result of the estimation. The measurement of 
• 

marginal and average productivity of estimated variables is presented in section 7-4. 

This chapter also contains analysis of the ability of the estimated model to predict 

reality, using some statistical tests, such as historical simulation, as well as Theil's 

inequality test, as referred to in sections 7-5 and 7-6. Lastly, the conclusion of this 

chapter is presented in section 7-7. 

7-2 Estimating production/unctions i,, tl,e LibJ•an prod11ctive sector: 
To answer the research questions of which is the preferable function for 

dealing with data in the Libyan productive sectors, the C-D and CES have been 

estimated , in order to investigate which one is more suitable to explain the long ... run 

relationship between exogenous and endogenous variables. The contribution to gross 

domestic product (GDP) of the productive sector is the contribution of the 

manufacturing sector plus the contribution of the agricultural sector, and this is also 

the case with respect to labour and capital inputs. The total of employment used in 

this study is expressed by the total nu1nber of workers in agriculture and industry, also 

the capital input is the net of total capital stock in both sectors. 
' 

The C-D and CES production functions have been estimated differently from 

the previous chapter, because some studies have found that the appropriate f or1n of 

the function may depend sometimes on the type of sector. 

Salem (2004) found in his study of the Tunisian economy that the C-D was suitable 

for agriculture, fishing, and clothing and leather sectors, while the CES forn1 was 

suitable for the oil and gas sectors and the transport and telecorrurnunication sector. 
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The C-D and CES production functions are estimated using the specifications detailed 

in sections 5-12, 5-13, 5-15 and 5-16. 

7-3. Estimation results: 

After testing the time series of all the production variables used in estimating 

the production function in the Libyan productive sector, using both DF and ADF tests 

and the co-integration test, the results were presented in tables 6-1 and 6-3 (in the 

previous chapter). The tables show that the variables used in the estimation process 

are stationary at their first difference, and the time series of these variables are 

integrated at the first rank. 

Toe CES and C-D were estimated using the absolute value of variables, and in their 

different specification, as in sections 5-12, 5-13, 5-15 and 5-16, in order to investigate 

the relative importance of factor inputs and of technical progress on economic growth 

in the Libyan productive sectors, and to measure the elasticity of substitution between 

the factors, to determine the best fit production function for this sector. 

The C-D and CES functions have been estimated with restriction and non

restriction of Constant Returns to Scale (CRS), and with both specifications of 

constant and variant Hicks neutral technical progress. The data are: time series of 

output value; number of workers; and net capital stock of the Libyan productive 

sectors, during the period 1970-2008. All variables in the estimation process are 

expressed in 1980 base year pricing. 

The C-D and CES were estimated using the absolute value of variables, and 

the results are presented in table 7~ 1. The unrestricted specification of CRS is 
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provided in the first eight columns, and the restricted specification of CRS is provided 

• 

in the last six columns of the same tables. The results show that T - test values are 

mostly significant at 5% and 1 %, indicating the rejection of the null hypothesis, 

meaning that all parameters of variables are significant. The coefficient of 

detennination (R-Square) of all functions is highly close to one, indicating the 

ability of independent variables to explain the change in output; (i.e. there is a linear 

relationship between exogenous and endogenous variables). F values are also 
• 

significant at 1 % and 5%, indicating a very good fit for the model. 

The Durbin Watson (D- JV) values are very low for some equations, 

indicating the existence of an autocorrelation problem. However, adding dummy 

variables to the estimated equations led to an improvement of the value of D - JV • 

The value of the latter was improved in the case of equations 4, 5, 6, 7, and 8 in the 

left side of the table and in the case of equation 6 in the right side of the same table . 

• 

• 

• 

• 
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Table (7-1) 
Estimation of the CES production function, using the absolute value of variables under both specifications of Constant and Variant Hicks neutral technical progress, and 

under the restriction ojr constant and variable Returns to Scale, soeci,7c to the Lib an ryroductive sector .. 
Variable Returns to Scale 1'VRS't 

E uations I 2 3 4 s 6 7 8 9 1 
Variables 
Constant -1.14 -0.14 -0.56 0.34 0.31 0.33 -0.14 -0.14 -1.25 

'-2.6 ••• · ... o.Js· ·-1.65 .• 1.00· ,·o.92 I 0.92' 1"-0.33'1 ·-0.34't . '-6.56' ••• 

lnK 1.08 0.86 0.93 0.79 0.77 0.77 0.79 0.79 
·4,.59· ••• 4.96" ••• '4.86' ••• ·4_70· ••• "4.63' ••• • ·4.86 .••· ·4_95 ••• 1'4.38 ••• 

lnL -0.09 -0.04 -0.03 -0.06 -0.03 -0.04 0.03 0.03 
I ·-0.23 ·-0.19 '-0.44 '-0.23 -0.25 1 ·0.2 I. ·0.22 

1 '-0.37 

ln(K IL) 
• 1.03 

5.02 ••• 

(lnK -lnL) 2 -0.14 -0.09 -0.10 -0.05 -0.05 -0.05 -0.05 -0.05 -0.12 
· ... 2.30 •• ·-1 .92' •• ·-2.20· •• ·-1.38 1* ._ 1.25' 1·-1.24 -1 .34' • I'• l .36'. -2.45 ••• 

I 0.01 0.01 0.01 0.01 0.002 0.002 0.004 
5.36" ••• (5.51 ••• 1'5.65 ••• ·5.s4 1••• ' 0.94 I 0.95' '3.64 .••· 

,2 0.0001 
·s.21 ••• 

v. 0.14 0.13 0.13 0.14 0.14 
·3_5g·.•·· I 3.50 ••• '3 .. 45 ••• 3.68' ••• I 3.74 • •• 

D2 
0.04 0.04 0.03 0.03 

I 1.16) 1. I .16' 1 ,·1.121 1·1.13· 

D3 
0.01 0.004 
0.22· 0.0~" 

D4 
0.09 0.09 

'1.69' •• 1 • I .73 .•• 

R2 0.93 0.96 0.96 0.97 0.97 0.97 0.97 0.98 0.94 
• 

F 164.8 228.9 223 249.6 210.5 175.1 162.8 192.2 196.0 

DJV 0.80 I.JS 1.35 1.77 1.88 1.88 2.14 2.15 1.11 

Figures in the brackets are the I - value, ••• significant at the I% level; ••significant at the 5% level; • significant at the 100/o level. 

t refers to constant rate of technical progress. 

t 2 refers to variable rate of technical progress .. 

In Q and ln(Q / L) are dependent variables for the unrestricted and the restricted specification respectively. 

Constant Returns to Scale i CRS 1 

2 3 4 s 6 

-1.23 -1.28 -1.25 -1.25 -1 .11 
(--6.8)••· (--6.S)••• (--6.4)••· (--6.3)••· (-7.17)••· 

1.02 1.04 0.99 0.99 0.88 
(S.29)••• (S.O)••• '4.77)••· '4.65 ••• (5.29)••· 

-0.12 -0.12 -0.11 -0.11 -0.07 
(-2.S)••• (-2.38)•• I ·.2.15 ·-2.01 •• (-1.85)** 

0 .. 003 0.004 0.004 -0.002 
(2.7)••· (3.09)••· (3.00" ••• (-1.22 I 

0.0001 
(4.4S)••• 

0.03 0.03 0.03 0.11 
·0.19·, 0.78' ·o.78 ,·2.95 · ••• 

0.06 0.06 0.04 
1.39 • (1.34 • (1.21 

-0.01 
•-0 .. 22• I 

0.18 
,·4.61 ••• 

0.95 0.94 0.94 0.94 0.97 

224.1 145.6 120.1 97.2 165.2 

1.24 1.07 1.22 1.23 2.17 

• 

196 



Table 7-1 provides the estimation results of the CES production function. The Kment 

approximation is used to estimate the CES form. The result in table 7-1 shows that 

specifications of constant returns to scale (CRS), which are shown on the right side of 

the table, are mostly significant. However, the values of D - W are still very low, 

indicating to existence of an autocorrelation problem. Equation 8 in table 7-1 is the 

best that can be chosen in order to calculate the parameters of the CES production 

function. The parameters of the CES production function are summarized in table 7-2. 

Table (7-2): Estimation result of the CES parameters of the Libyan productive sector 

Variables Coefficient values 

A 0.84 

s 0.82 

p 4 
- 0.20 a 

According the table 7-2 and equation 8 in table 7-1, the p value does differ from zero 

( p = 4) indicating that the elasticity of substitution between capital and labour factors 

is not equal to one, this indicates the possibility of using the CES form to explain any 

change in economic growth in the Libyan productive sector. However, the coefficients 

of labour and of technical progress are not significant; this led to select the Cobb

Douglas production function as the best which can be chosen. This result is 

compatible with the results of studies by Whitesell (1985), Sadeg (1996), Sabin (2003) 

and Minh and Long (2008). 
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Estimation results of the ·c-D. production function using the absolute value of 

variables of long-run time series are presented in table 7-3. The right side of the table 

shows the estimation result of the equation under restriction of Constant Returns to 

Scale (CRS), while the left side of the table shows the estimation result of the function 

under the restriction Variant Returns to Scale (VRS). From the table most equations, 

especially those which included dununy variables, are statistically significant and 

equation 4 is the best that can be chosen. 

One of the aims of the research is to detennine which of the production factors 

(labour or capital) is more important in explaining the changes in economic growth of 

the Libyan productive sector. Equation 4 on the left side of table 7-3 has been chosen 

to explain the relative importance of factor inputs and of technical progress on 

economic growth in this sector. The equation with the specification of constant Hicks 

neutral technical progress has been adopted, because it is the best function to explain 

the effect of variable inputs on the change in output in the Libyan productive sector. 

The form of the equation is written as follows:-

lnQ = 0.66 + 0.571nK + 0.13lnL + O.Olt + 0.15D1 (7-1) 

T-values (2.49) (23.2) (2.24) (5.72) (3.93) 

R2 =0.97 F=303.3 D-W=l.80 

• 
• 

where lnQ is the value of the natural logarithm of GDP of productive sector, In K 

and In L are the value of the natural logarithms of capital stock and number of 
, 

• 

workers in the sector respectively. t indicates time t~end expressing a constant Hicks 

neutral technological change. D1 is a dummy variable. 
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According to table 7-3 and equation 7-1, the model which was chosen to 

express the production function of the Libyan productive sector is statistically 

significant for all parameters estimated at the level of 5% and 1 %. The R - Square 

of estimation is highly close to one, indicating a very good fit for the model; it also 

shows that the independent variables explain the gain of 97% of the changes in the 

value of production in the Libyan productive sector. The F statistics confirmed that 

the estimation result of the model is globally significant at the level of 5% and 1 %. 

The value of the Durbin Watson (D-W) coefficient at the level of 1 % and 5% 

indicates the absence of an autocorrelation problem. 

Economically, analysis of function 7-1 gives a clear picture of a long-run 

relationship between production and its factors. A positive relationship between 

capital and labour inputs on one side and GDP of productive sector on the other side 

in the productive sector can be seen, as well as the fact that the coefficient of 

technology has a positive impact on economic growth in the Libyan productive sector. 

Therefore, an increase in GDP in this sector requires an increase in a combination of 

these factors or increases in one of them. A growth in factor inputs (capital and 

labour) by 1 % leads to a growth in the contribution to the GDP of the productive 

sector of 0.70%. This means that the productive sector in Libya is characterized by 

decreasing returns to scale. The results of this function also show that capital stock is 

the most important factor affecting growth in the contribution to GDP of the Libyan 

productive sector. When capital stock increases by 1 % given the stability of other 

factors, the contribution to GDP will increase by 0.57%, while increasing labour input 

by 1% leads to GDP in the Libyan productive sector increasing by 0.13%. From the 

equation it is also clear that the rate of technical progress has a positive relationship 
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, 

\Vi.th GDP in this sector; its contribution to the GDP growth rate is about 0.1 %. The 

coefficient of the dummy variable indicates that the period of economic blockade had 

a positive impact on GDP in the Libyan productive sector . 

• 

' 

• 

• 
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Table (7-3) 
Estimation of the C-D production function, using the absolute value of variables under both specifications of Constant and Variant Hicks neutral technical progress, and under the restriction of 

Constant and Variable Returns to Scale, snecific to the Libvan nroductive sector. 
Variable Returns to Scale (VRS) 

Equations I 2 3 4 5 6 7 8 
variables 
Constant -0.53 0.30 -0.08 0.66 0.59 0.59 0.15 0.15 

(-1.52)* (1.02) (-0.31) (2.49)*** (2.22) .. (2.18\ .. (0.40\ (0.42\ 

lnK 0.51 0.50 0.51 0.57 0.56 0.56 0.57 0.57 
(17_7) ... (23.5)••• (23.6)••· (23.21)*** (23.2)••· (22.6)*** (23.1\*** (23.7)*** 

lnL 0.45 0.29 0.36 0.13 0.14 0.14 0.22 0.22 
(8.16)• .. (5.8)••· (7.81)••· (2.24)*** (2.47)* .. (2.42)• .. (2.94)••· (3.00)••· 

ln(K IL) 

(InK -lnL) 2 

I 0.01 0.01 0.01 0.01 0.002 0.002 
(5.6)* .. (5.72)*** (5.93)*** (5.78)••· (1.06) {1.10) 

,2 0.0001 
(5.33)••· 

n. 0.15 0.14 0.14 0.15 0.15 
(3.93)*** (3.82)••· (3.76)••· (3.99)••· (4.05)••· 

D2 
0.04 0.04 0.04 0.04 
{I.JI)* (1.29) (1.25) {1.28) 

D3 
0.006 -0.003 
CO.IO\ (-0.05\ 

D4 
0.08 0.08 
(1.63)* (1.65)• 

R2 0.92 0.96 0.95 0.97 0.97 0.97 0.97 0.97 

F 218.S 2822 2663 303.J 248.1 200.6 181.1 218.1 

DJV 0.83 1.36 1.34 1.80 1.88 1.87 2.12 2.12 

Figures in the brackets are the I - value, ••• significant at the 1% level; ••significant at the 5% level; • significant at the 10% level. 

I refers to constant rate of technical progress. 

I 2 refers to variable rate of technical progress. 

In Q and ln(Q IL) are dependent variables for the unrestricted and the restricted specifications respectively 

1 

-0.80 
(-13.2)••· 

0.52 
(22.S)••· 

0.004 
(3.61)*** 

0.93 

2552 

1.13 

Constant Returns to Scale (CRS) 
2 3 4 5 6 

-0.79 -0.85 -0.86 -0.87 -0.85 
(-14 5) ... (-10.S)••• (-10.9)••· (-10.8)••· (-13.6)••· 

0.53 0.55 0.55 0.55 0.57 
(24.0)••· (16.2)••· (16.4)*** (16_1)••· (21.3)• .. 

0.003 0.004 0.004 -0.002 
(2.65)••· (3.12)••· (3.0I)••· (-1.35)* 

0.0001 
(4.36)• .. 

0.04 0.04 0.04 0.12 
(0.91) (0.89) (0.91) (3.11)••· 

0.07 0.07 0.05 
(1.67)* (1.59)* (1.34)* 

-0.04 -0.03 
(-0.48) (-0.46) 

0.19 
(4.7)••· 

0.94 0.93 0.94 0.94 0.96 

288.9 169.6 134.5 1052 149.8 

125 1.08 1.23 126 222 
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• 

. 7-4. Measurement average and marginal product of production/actors in tl,e 

Libyan productive sector: 

Equations 6-18 and 6-19, as mentioned in chapter six, may also be used to 

calculate the average and marginal productivity of production factors in the Libyan 

productive sector. Equation 6-18 is used to calculate the average product of both 

factors (labour and capital), while equation 6-19 is used to calculate the marginal 

• 

product of ,the factors, where MPL and MPx are the marginal productivity of labour 

and capital respectively. APL and APK are the average productivity of labour and 

capital respectively. 

Table 7-4 and figures 7-1 and 7-2 show the values of marginal and average 
• 

productivity of labour and capital in the Libyan productive sectors during the period 

1970-2008. From the table and figures, it can be noted that: 

_ There was a decrease in the marginal and average productivity of the capital input 

from the beginning of the study period until 1990. The reason for this is probably an 

increase in public spending during that period. The decrease in average productivity 

of capital during the san1e period was due to the use of more units of capital 

associated with the decline in the productivity of the productive sector in that period. 

_ Marginal and average productivity of labour input had begun to improve at the 

beginning of the study period, and then declined during the period 1992-2001; the 

latter period coincided with the economic embargo on Libya, with its ensuing 

economic problems associated with a reduction in public spending. 
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The increase in the marginal and average productivity of labour during the period 

2002-2008 was not because of an increase in production, but because of a decline in 

the number of workers employed in the productive sector during that period. 

_ There was a clear decrease in the marginal and average productivity of capital input 

during the period 2002-2008, a period concurrent with an increase in oil prices, and 

the consequent increase in public spending. This use of huge amounts of capital units 

generated a low marginal and average productivity of capital. 

· _ The average productivity of capital and labour were greater than the marginal 

productivity of the two factors. This was because the elasticity of pro~uction with 

respect to both factors was less than one, (0.57 for capital, and 0.13 for labour). 
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Table 7-4 

Average and marginal productivity of production variables in the productive sector over the period 

1970-2008 

Year Elasticity value of capital (0.57) Elasticity value of labour (0.13] 
MPK APK MPL AP, 

1970 0.15 0.27 0.12 0.99 
1971 0.12 0.22 0.10 0.7 
1972 0.12 0.22 0.14 1.0 
1973 0.12 0.21 0.19 1.5 
1974 0.09 0.15 0.20 1.5 
1975 0.08 0.14 0.23 1.8 
1976 0.08 0.14 0.25 1.9 
1977 0.07 0.12 0.24 1.8 
1978 0.07 0.13 0.26 2.0 
1979 0.07 0.13 0.24 1.9 
1980 0.07 0.14 0.27 2.1 
1981 0.07 0.132 0.29 2.2 
1982 0.06 0.12 0.25 1.9 
1983 0.07 0.12 0.25 1.9 
1984 0.06 0.12 0.23 1.8 
1985 0.07 0.13 0.25 1.9 
1986 0.07 0.12 0.23 1.7 
1987 0.07 0.12 0.22 1.6 
1988 0.07 0.13 0.22 1.7 
1989 0.07 0.13 0.22 1.6 
1990 0.08 0.15 0.22 1.6 
1991 0.09 0.16 0.21 1.6 
1992 0.11 0.19 0.20 1.5 
1993 0.12 0.22 0.19 1.5 
1994 0.12 0.21 0.15 I.I 
1995 0.13 0.24 0.13 1.0 
1996 0.13 0.24 0.11 0.89 
1997 0.15 0.26 0.10 0.83 
1998 0.15 0.27 0.12 0.96 
1999 0.16 0.29 0.11 0.87 
2000 0.17 0.30 0.11 0.91 
2001 0.15 0.27 0.21 1.6 
2002 0.12 0.21 0.23 1.7 
2003 0.10 0.19 0.23 1.8 
2004 0.10 0.17 0.23 1.8 
2005 0.09 0.16 0.23 1.8 
2006 0.09 0.15 0.23 1.8 
2007 0.08 0.15 0.31 2.4 
2008 0.08 0.14 0.32 2.4 
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7-5. Model validation: 

In this study models have been built for the agriculture, manufacturing, and 

the total productive sector in the Libyan economy. Two kinds of equations (C-D and 

CES) have been estimated, in order to decide which one of them is more suitable for 

the Libyan economy, and to find the relative importance of factors which affect 

economic growth in these sectors. The estimation process is not the only step 

necessary to locate the target (evaluating the perforrnance of the model, forecasting 

and policy analysis) in any econometric process, which should not rely solely on the 

behavioural quality of the estimated equations and their statistical significance: an 

equation may be effective and have good statistical significance, but may still not 

represent reality. 

The second important step is to assess the ability of a model to represent 

reality, and evaluate its accuracy, and therefore to assess whether the model could be 

used to predict and also analyse different economic policies, in order to assist in 
• 

developing appropriate economic policies for the Libyan economy. 

To assess the accuracy of the model, a so-called historical simulation is used. 

The historical simulation is a mathematical solution for a set of simultaneous 

equations, where the estimated values can be obtained from the endogenous variables 

of the model using the actual values of exogenous variables and from the regression 

coefficients, which are obtained from the estimated equations. 
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7-6. Tests used to evaluate tJ,e model: 

To evaluate the accuracy of the model and its ability to simulate and forecast, 

several statistical criteria are used, including a historical simulation, correlation 

coefficient ( r ), coefficient of determination (R 2
) between estimated and actual 

values, Mean Absolute Error (M.A.E), Root Mean Square Error (R.M.S.E), and lastly 

the Thiel Inequality Coefficient. These criteria can be expressed in the following 

equations:-

1) Mean Absolute Error 

J N ,., 

M.A.E = N~(Y, -Y,) (7-2) 

2) Root Mean Square Error:-

(7-3) 

The literature of the theories of statistics indicates that, when the values of M.A.E 

and R.M .S.E are close to zero, this means that the model is able to represent reality, 

so it can be used to predict the values of the future. 

3) Theil Inequality Coefficient: 

This criterion takes two forms which are as follow: 

(7-4) 
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where: 

f. == Estimated value of dependent variable (Y) during the I period. 
I 

y == Actual value of dependent variable (Y) during the t period. 

y == Mean of dependent variable (Y). 

N ::Number of the observations. 

(7-5) 

According to these criteria, the model is accurate enough to enable forecasting 

and policy analysis when the value of U1 and U2 are close to zero. On the contrary, 

there is a reduced ability of the model to predict and analyse economic policies, when 

the values of U1 and U2 are close to one. Obado, Syaukat and Siregar (2009) stated 

that the Theil U coefficient should approach zero when the predicted series is close to 

the actual series . 

. Applying these criteria to the estimated equations 6-19, 6-21 and 7-1 for 

agriculture and manufacturing, and productive sector, in order to observe how closely 

the simulated values of the endogenous variables track their actual values, it is an 

examination of how close the actual series for the endogenous and exogenous 

variables are to the simulated values. The actual and simulated values of variables of 

the agriculture, manufacturing and productive sectors are shown in tables 7-8, 7-9 and 

7-10 and by the figures 7-11 which is for the agriculture sector. Figure 7-12 is for the 

manufacturing sector and figure 7-13 for the total Libyan productive sector .. 

The figures and tables show that all the actual and simulated values of 

exogenous and endogenous variables are very close and the turning points of the 
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actual series are well tracked by the simulated series. This confirms that the model is a 

good predictor of the historical behaviour of the exogenous and endogenous variables. 

The model has also been evaluated by the above mentioned criteria for each 

sector. The results are tabled in 7-7, 7-8 and 7-9 for the agriculture, manufacturing 

and productive sectors respectively. The tables show that most of the results of the 

predictive tests are satisfactory; the results reflected the strong correlation between the 

actual and estimated series of each variable, this is clear from the values of r, 

R2 ,M.A.E and RM.S.E. The results also show that the value of Thiel coefficient 

is located within the acceptable range (1 > U > 0) . The table shows that the Thiel 

coefficients for the sectors are very close to zero; this implies that the estimated model 

is suitable for policy simulation purposes. These results indicate that the model is 

effective, and can be used to predict the value of economic growth in the Libyan 

.... productive sector, and this is what planners and economic analysts need to develop 

appropriate economic policies, according to figures and statistics of previous years. 

Table 7-5: Result of model validation to predict the value of the dependent variable in the Libyan 
. l d. h d 'd agncu ture sector urmg t e stu tv oeno . 

- R2 M.A.E R.M.S.E u r - 0.92 -0.005 0.08 0.07 0.96 
-

Table 7-6: Result of model validation to predict the value of the dependent variable in the Libyan 
M f: . • d "d anu acturmg sector durm2 the stu Iv peno . 

-- R2 M.A.E R.M.S.E u r - 0.97 -0.005 0.10 0.09 0.97 
-

Table 7-7: Result of model validation to predict the value of the dependent variable in the Libyan 
P d . · 'd ro uct1ve sector durml? the studv oeno . 

...- R2 M.A.E RM.S.E u r - 0.94 0.002 0.06 0.09 0.97 -
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· Table (7-8) 
Actual and Simulated series of the exogenous variable in the Libyan agriculture sector during 

th . d 1970 2008 e Der,o -
,., " 

year Q Q Q-Q 
1970 86.6 ' 80.8 -5.7 
1971 67.2 81.4 14.2 
1972 94.2 93.5 -0.6 
1973 135.7 .113.7 -21.9 
1974 138.2 138.8 0.6 
1975 167.S 157.9 -9.S 
1976 184.6 175.1 • -9.4 
1977 147.S 187.0 39.5 
1978 178.2 198.5 20.3 
1979 166.7 199.5 32.8 
1980 236.4 207.3 -29.0 
1981 264.1 227.6 -36.4 
1982 246.5 231.4 -15.0 
1983 236.5 234.3 -2.1 
1984 224.1 235.4 11.3 
1985 217.S 231.4 13.9 
1986 236.7 233.8 -2.8 
1987 242.5 234.5 -7.9 
1988 242 237.8 -4.1 
1989 248.3 244.1 -4.1 

• 1990 251.0 243.0 -7.9 
1991 252.3 233.9 -18.3 
1992 254.9 224.9 -29.9 
1993 ' 239.0 225.7 -13.2 
1994 218.1 214.S -3.5 
1995 196.7 205.3 8.6 
1996 188.7 200.1 11.4 
1997 185.4 197.1 11.7 
1998 237.1 219.7 -17.3 
1999 217.1 213.5 -3.5 
2000 222.2 228.1 5.9 
2001 235.S 217.3 -18.1 
2002 253.1 252.0 -1.0 
2003 263.6 270.3 6.7 
2004 282.2 291.2 9.0 
2005 298.9 315.2 16.3 
2006 316.6 341.0 24.4 
2007 332.5 311.3 -21.1 
2008 313.3 299.2 -14.0 

f == Estimated value of Y 
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Table 7-9 
Actual and Simulated series of the exogenous variable in the Libyan manufacturing sector 

d ' h . d 1970 2008 urmJ! t e verzo -
year Q Q Q-Q 

~ 1970 58.9 53.2 -5.7 
1971 49.8 53.8 4.0 
1972 69.1 67.1 -2.0 

~ 1973 99.0 88.4 -10.6 
1974 117.5 113.1 -4.4 

~ 1975 132.3 132.4 0.1 
1976 167.7 154.7 -13.0 
1977 204.4 167.2 -37.2 
1978 217.0 179.5 -37.5 

~ 1979 220.6 188.0 -32.6 
~ 1980 210.4 205.5 -4.9 

1981 243.6 238.3 -5.3 
1982 229.3 215.5 -13.8 
1983 256.9 263.0 6.1 

~ 1984 250.6 243.4 -7.2 
~ 1985 268.0 236.6 -31.4 

1986 221.2 231.9 10.7 
~ 1987 197.2 223.6 26.4 
~ 1988 227.1 223.8 -3.3 

1989 232.8 222.1 -10.7 - 1990 237.8 210.6 -27.2 
1991 221.4 190.6 -30.8 
1992 224.5 214.2 -10.3 - 1993 235.8 191.8 -44 - 1994 159.1 167.1 8.0 
1995 156.6 144.0 -12.6 
1996 123.4 130.2 6.8 
1997 119.7 119.5 -0.2 
1998 132.5 127.7 -4.8 
1999 129.2 114.7 -14.5 
2000 150.1 158.2 8.1 - 2001 148.5 133.7 -14.8 - 2002 152.5 150.8 -1.7 - 2003 146.4 128.1 -18.3 
2004 149.2 136.3 -12.9 
2005 153.6 142.8 -10.8 
2006 155.4 150.1 -5.3 
2007 142.2 142.9 0.7 
2008 127.5 138.0 10.5 

A 

y = Estimated value of Y 
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Table 7-10 

Actual and Simulated series of the exogenous variable in the Libyan productive sector during 
th . d 1970 2008 e oer,o .. 

A A 

year Q Q Q-Q 
1970 145.5 133.3 -12 
1971 117.1 134.8 17 
1972 163.3 163.3 0 

• 1973 234.8 208.9 -25 
1974 255.7 264.5 8 
1975 299.8 307.0 7 
1976 352.4 348.7 -3 
1977 351.9 374.6 22 
1978 • 395.3 397.4 2 
1979 387.4 403.9 16 
1980 446.8 429.9 -16 
1981 507.7 487.7 -19 
1982 475.8 500.1 24 
1983 493.4 512.4 19 
1984 474.7 514.0 39 
1985 485.6 505.4 19 
1986 458.0 508.5 so 
1987 439.7 505.0 65 
1988 469.1 507.8 38 
1989 481.1 513.3 32 
1990 488.8 497.4 8 
1991 473.7 466.8 -6 
1992 479.4 505.0 25 
1993 475.0 478.8 3 
1994 377.2 433.7 56 
1995 353.3 395.5 42 
1996 312.1 373.6 61 
1997 305.2 352.9 47 
1998 · 369.6 393.6 24 
1999 346.3 370.3 24 
2000 372.3 386.2 13 
2001 384.0 390.5 6 
2002 405.6 464.6 59 
2003 410.0 435.9 25 
2004 431.4 471.8 40 
2005 452.5 510.2 57 
2006 472.0 552.0 80. 
2007 474.7 540.6 65 
2008 440.8 537.3 96 

y == Estimated value of Y 

• 

' 

• 
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Table.· 7-11 
Simulated and actual value of endogenous and exogenous variables in the Libyan agricultural sector 

during the period 1970-2008 

Year lnQ lnK In£ 
est,·mated actual estimated actual estimated actual 

1970 4.39 4.46 5.92 5.77 5.21 4.83 
1971 4.39 4.20 5.33 5.75 3.77 4.84 

1972 4.53 4.54 6.03 6.01 4.88 4.84 
1973 4.73 4.91 6.78 6.40 5.84 4.85 
1974 4.93 4.92 6.78 6.79 4.85 4.87 
1975 5.06 5.12 7.16 7.03 5.21 4.89 
1976 5.16 5.21 7.31 7.20 5.24 4.95 
1977 5.23 4.99 6.78 7.29 3.65 ' 4.97 
1978 5.29 • 5.18 7.15 7.38 4.39 4.99 
1979 5.29 5.11 6.96 7.35 4.01 5.01 
1980 5.33 5.46 7.68 7.39 5.76 5.03 
1981 5.42 5.57 7.86 7.54 5.91 5.09 
1982 5.44 5.50 7.66 7.53 5.46 5.12 
1983 5.45 5.46 7.53 7.51 5.20 5.15 
1984 5.46 5.41 7.35 7.45 4.94 5.22 
1985 5.44 5.38 7.27 7.40 4.83 5.17 
1986 5.45 5.46 7.41 7.39 5.25 5.18 
1987 5.45 5.49 7.43 7.35 5.37 5.19 
1988 5.47 5.48 7.37 7.33 5.32 5.23 
1989 5.49 5.51 7.38 7.35 5.34 5.25 
1990 5.49 5.52 7.38 7.31 5.41 5.24 
1991 5.45 5.53 7.35 7.19 5.66 5.24 
1992 5.41 5.54 7.33 7.06 5.97 5.27 
1993 5.41 5.47 7.14 7.02 5.62 5.30 
1994 5.36 5.38 6.90 6.86 5.41 5.32 
1995 5.32 5.28 6.63 6.72 5.12 5.35 
1996 5.29 5.24 6.49 6.62 5.06 5.39 
1997 5.28 5.22 6.42 6.55 5.04 5.38 
1998 5.39 5.46 6.91 6.74 5.83 5.41 
1999 5.36 5.38 6.67 6.63 5.53 5.44 
2000 5.42 5.40 6.67 6.73 5.33 5.47 
2001 5.38 5.46 7.06 6.88 5.17 4.72 
2002 5.52 5.53 7.20 7.19 4.69 4.67 
2003 5.59 5.57 7.27 7.33 4.48 4.62 
2004 5.67 5.64 7.36 7.43 4.51 4.69 
2005 5.75 5.70 7.42 7.54 4.46 4.76 
2006 5.83 5.75 7.48 7.65 4.42 4.83 
2007 5.74 5.80 7.80 7.66 4.58 4.21 
2008 5.70 5.74 7.75 7.65 4.18 3.93 
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Table: 7-12 
Simulated and actual value of endogenous and exogenous variables in the Libyan 

manufacturing sector during the period 1970-2008 

. year lnQ lnK lnL 
estimated actual estimated actual estimated actual 

1970 3.97 4.07 5.33 5.33 3.01 3.01 
1971 3.98 3.90 5.36 5.36 3.06 3.06 
1972 4.20 4.23 5.75 5.75 3.13 3.13 
1973 4.48 4.59 6.18 6.18 3.25 3.25 
1974 4.72 4.76 6.57 6.57 3.37 3.37 
1975 4.88 4.88 6.80 6.80 3.49 3.49 
1976 5.04 5.12 7.01 7.01 3.62 3.62 
1977 5.11 5.32 7.11 7.11 3.72 3.72 
1978 5.19 5.38 7.18 7.18 3.85 3.85 
1979 5.23 5.39 7.22 7.22 3.96 3.96 
1980 5.32 5.34 7.34 7.34 4.06 4.06 
1981 5.47 5.49 7.57 7.57 4.15 4.15 
1982 5.37 5.43 7.61 7.61 4.30 4.30 
1983 5.57 5.54 7.65 7.65 4.38 4.38 
1984 5.49 5.52 7.67 7.67 4.27 4.27 
1985 5.46 5.59 7.63 7.63 4.31 4.31 
1986 5.44 5.39 7.63 7.63 4.34 4.34 
1987 5.41 5.28 7.59 7.59 4.36 4.36 
1988 5.41 5.42 7.58 7.58 4.45 4.45 
1989 5.40 5.45 7.55 7.55 4.52 4.52 
1990 5.35 ·5.47 7.44 7.44 4.59 4.59 
1991 5.25 5.40 7.30 7.30 4.61 4.61 
1992 5.36 5.41 7.14 7.14 4.65 4.65 
1993 5.25 5.46 6.93 6.93 4.72 4.72 
1994 5.11 5.06 6.68 6.68 4.79 4.79 
1995 4.96 5.05 6.44 6.44 4.82 4.82 
1996 4.86 4.81 6.28 6.28 4.85 4.85 
1997 4.78 4.78 6.06 6.06 4.99 4.99 
1998 4.85 4.88 6.18 6.18 5.05 5.05 
1999 4.74 4.86 6.00 6.00 5.09 5.09 
2000 5.06 5.01 5.95 5.95 5.13 5.13 
2001 4.89 5.00 6.05 6.05 4.75 4.75 
2002 5.01 5.02 6.29 6.29 4.77 4.77 
2003 4.85 4.98 6.43 6.43 4.80 4.80 
2004 4.91 5.00 6.56 6.56 4.83 4.83 
2005 4.96 5.03 6.66 6.66 4.87 4.87 
2006 5.01 5.04 6.77 6.77 4.91 4.91 
2007 4.96 4.95 6.79 6.79 4.85 4.85 
2008 4.92 4.84 6.79 6.79 4.84 4.84 
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Table: 7-13 
Simulated and actual value of endogenous and exogenous variables in the Libyan productive sector 

during the period J 970-2008 

,,ear lnQ lnK InL 
estimated actual estimated actual estimated actual 

1970 4.89 4.98 6.27 6.27 4.98 4.98 
1971 4.90 4.76 6.27 6.27 4.99 4.99 
1972 S.09 5.09 6.58 6.58 5.01 5.01 
1973 5.34 S.4S 6.99 6.99 5.04 5.04 
1974 5.57 5.54 7.38 7.38 5.07 5.07 
1975 5.72 5.70 7.61 7.61 5.11 5.11 
1976 S.8S 5.86 7.80 7.80 5.18 5.18 
1977 5.92 S.86 7.90 7.90 5.22 5.22 
1978 S.98 S.97 7.98 7.98 5.27 5.27 
1979 6.00 5.95 7.98 7.98 5.31 5.31 
1980 6.06 6.10 8.06 8.06 S.35 S.3S 
1981 6.18 6.22 8.25 8.25 5.42 5.42 
1982 6.21 6.16 8.26 8.26 5.48 5.48 
1983 6.23 6.20 8.28 8.28 5.53 5.53 
1984 6.24 6.16 8.26 8.26 5.55 S.S5 
1985 6.22 6.18 8.22 8.22 5.52 5.52 
1986 6.23 6.12 8.21 8.21 5.54 5.54 
1987 6.22 6.08 8.17 8.17 5.55 5.55 
1988 6.23 6.15 8.16 8.16 S.60 S.60 
1989 6.24 6.17 8.15 8.15 5.64 S.64 
1990 6.20 6.19 8.07 8.07 S.66 • 

S.66 
1991 6.14 6.16 7.94 7.94 5.67 5.67 
1992 6.22 6.17 7.79 7.79 S.70 5.70 
1993 6.17 6.16 7.67 7.67 S.74 5.74 
1994 6.07 5.93 7.47 7.47 5.78 S.78 
199S S.98 S.86 7.28 7.28 S.82 5.82 
1996 S.92 S.74 7.16 7.16 5.8S 5.85 
1997 S.86 5.72 7.03 7.03 S.90 5.90 
1998 S.97 S.91 7.19 7.19 S.94 S.94 
1999 S.91 S.84 7.06 7.06 S.98 5.98 
2000 S.95 S.91 7.11 7.11 6.01 6.01 
2001 5.96 S.9S 7.24 7.24 5.43 5.43 
2002 6.14 6.00 • 7.53 7.53 5.42 5.42 
2003 6.07 6.01 7.67 7.67 5.41 5.41 
2004 6.15 6.06 7.78 7.78 5.46 5.46 
2005 6.23 6.11 7.89 7.89 5.51 5.51 
2006 6.31 6.15 7.99 7.99 5.56 S.S6 
2007 6.29 6.16 8.01 8.01 5.28 5.28 
2008 6.28 6.08 8.00 8.00 5.18 5.18 
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Figure 7- : Actual and simulat d eri of th .orrLiln u ari bl (In J in th ib an a icz1/tz4r · 
or during the period 1970-2 100 . 
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Figure 7-10: Actual and imulat d ri~.., ofth endog n us v ri bl · (In ) in th · Lib an 
manuja--- rin · ctor durin th perio 19 0-2008. 
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Figure -12: ctu land imulat d ri . · ofth og n,...,~ ariabl · (In~ in the lb an prodz,ctiv 
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Figure 7-14: Actual and simulated series of the endogenous variable (/nl) in the Libyan productive 
sector durin the eriod I 970-2008. 
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7-7 Conclusion: 
The C-D and CES production functions were estimated in this chapter in th ir 

various forms for the Libyan productive sector. The data used in the estimation 

process is defined by variables collected in both the Libyan agriculture and 

manufacturing sectors, fonning one sector which is designated the productive s ctor. 

Toe contribution to GDP of the productive sector is the contribution of the 

manufacturing sector plus that of the agricultural sector. This was also th cas with 

respect to labour and capital inputs, the number of workers in this sector is e pr d 

as the sum of the total number of workers in the agricultural and manufacturing 

sectors, also the capital input is the net of total capital stock in both sectors. Th -D 

and CES forms have been estimated differently from the previous chapter b caus 

some studies, such as Salem (2004 ), have found that the form of the function may 

depend on the type of sector it investigates. The two functions ar e timat d with 

restriction and non-restriction of Constant Returns to cal ( R ) and with both 
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specifications of constant and variant Hicks neutral technical progress. The estimation 

results using the Ordinary Least Square (OLS) method show: 

_ The estimation result of CES parameters show that the p value does differ from zero 

indicating that there is no unity of the elasticity of substitution exist between capital 

and labour inputs. Statistical criteria indicate that the Cobb-Douglas production 

function is the best fit for the Libyan productive sector. 

_ Labour, capital and technical progress are significant explanatory variables in the 

productive sector. GDP in this sector has been positively affected by disembodied 

technical progress, but its effect was very small. 

_ Production in the Libyan productive sector exhibits decreased returns to scale, the 

sum of the two estimated coefficients of labour and capital is more than one 

(t: = 0.70 ). 

_ GDP elasticity with respect to capital is higher than GDP elasticity with respect to 

labour, reflecting greater responsiveness of GDP to changes in capital stock than to 

labour. 

_ Finely, the performance of the production model of the three sectors (agriculture, 

manufacturing and productive sectors) was tested by several statistical criteria 

(Historical simulation, M.A.E, RM.S.E, Theil inequality coefficient and correlation 

coefficient, and coefficient of determination between estimated and actual values). 

The simulated values of the exogenous variable (contribution to GDP of the 

agriculture, manufacturing and productive sectors) are listed with actual values for the 

period 1970-2008. The quantitative measures of how closely individual variables 

track their corresponding actual data series are also listed. An examination of 

simulated data series in comparison with their corresponding actual data series shows 

that the simulated data series closely track their corresponding historical data series. 
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CHAPTER EIGHT 

• 

Summary and Conclusion 

8-1. Summary 
Since the discovery of oil in 1961, the Libyan economy has increasingly 

benefited from this natural resource, at the sarne tim~ it has also brought problems for 

economic development because the heavy dependence of oil has resulted in very 

volatile revenue for Libya in the light of international market economic forces. 

Therefore, the Libyan gover11ment has tried to place more emphasis on other~areas of 

economic activity to diversify away from its dependency on oil as the major source of 

economic growth. The country has since 1970 exerted notable efforts aimed at 

achieving economic diversification. The main objective of the Libyan economic 

development plans since 1970 has been to improve the perfor1nance and efficiency of 

the non oil sectors, especially the agriculture and manufacturing sectors and a result of 

a large amount of investment has been poured into these sectors. However, directing 

large amounts of investment to these sectors has not lead to an improvement in their 

perf onnance. 

To implement a diversification strategy, the Libyan government has directed a 

large proportion of investment to its agriculture and manufacturing sectors in order to 

find other sources of income apart from oil (Abdulha1nid, 2005). The agriculture and 

manufacturing sectors received 15.43/o and 12% respectively of total investment on 

average during the period 1970-2008 (LSP, 2007). 
' 

• 
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Theoretically, making large investments should lead to improvement in the 

performance of the sectors (Ming, and Xia, 2007). This has not been the case in Libya. 

The agriculture and manufacturing sectors contribution to GDP was 4.80 % and 

4.40 % respectively on average during the same period 197-2008. Therefore, this 

study set out to determine the more suitable specification of production functions (C

D or CES) for the Libyan economy, in order to investigate the relative importance of 

factor inputs and technical progress in contributing the GDP growth in the agriculture 

and manufacturing sectors over the period 1970-2008. 

The main purpose of this study can be summarized in two aspects: 

• Firstly, it estimates the two most commonly used production functions, which 

are Cobb-Douglas and Constant Elasticity of Substitution, in order to 

determine the best fit function for the Libyan economy. 

• Secondly, it investigates the contribution made by factor inputs and by 

technical progress to growth in GDP of the Libyan productive sectors. 

Determining the preferable function can be carried out through calculating the 

elasticity of substitution between capital and labour, which can be obtained 

through testing the value of the substitution parameter ( p ). 

The literature suggested that if the estimated value of substitution parameter (p) is 

found to be significant, and if the elasticity of substitution (a) was not equal to one 

the CES production function would be a better choice, while if the value of p was not 

significant and the elasticity of substitution between two factor inputs ( capital and 
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labour) was equal to one, the C-D production function would be preferred than CES 

(Sadeg, 1996 and Sahin (2003). 

Some other statistical criteria are also used, in order to choose between the 

specification of constant and variant Hicks neutral technical progress and of constant 

and variable returns to scale in 5-13 and 5-14, their determination coefficients (R 2
) 

value were compared. The F - test and T - test were also used, in order to 

discriminate the preferred specification. The T - test was applied to test significance 

of the parameter estimates. The F - test is used to test the overall significance of a 

regression. This test aims to find out whether the explanatory variables (dependents 

variables) do actually have any significant influence on the independent variable. 

The approach used to investigate economic growth in the Libyan productive 

sector was growth accounting analysis, which lies at the heart of neo-classical growth 

theory. According to the growth accounting analysis, the growth in GDP is explained 

by a model characterised by the rate of growth of the production factors (such as 

capital and labour) parameters that determine the elasticity of GDP with respect to 

each factor of production, and residual which contributes to the GDP growth that is 

not accounted for by changes in factor inputs. In this research the growth rate of GDP 

was used as an indicator of economic development and real GDP is used instead of 

nominal GDP, in order to exclude any defects produced due to inflationary factors. 

Capital input is expressed by capital stock, an accumulation of the past capital 

formation. According to the literature, there are a number of methods which can be 

used to express labour input. However, the total number of workers was chosen in this 

study because of the availability of data. The choice of the period under study is 
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mainly dictated by the availability of data. The year 1980 has been chosen as the base 

year in the series of the GDP and capital stock, for two reasons. Firstly, it is in the 

middle of the period under study, and secondly it is characterized by a low rate of 

inflation. The source of the data was the publications of the General People's 

Committee of Planning and the Central Bank of Libya. 

A number of approaches can be used to measure the contribution made by 

technical progress. Constant and variant Hicks neutral technical change methods were 

chosen in this study. The Ordinary Least Square (OLS) method was used in the 

estimation process, because the parameters obtained by OLS have some optimal 

properties, such as best, linearity and unbiased. The computational procedure of OLS is 

also fairly simple as compared with other econometric techniques, and the data 

requirements are not excessive. 

Most economic time series in general are not stationary and at best become 

stationary only after differencing. The non-stationarity of economic variables is 

usually related to econometric problems such as spurious regression. In this study the 

OF and ADF tests were used, in order to test the stationarity of variables used in the 

estimation process. The results of DF and ADF indicated acceptance of the null 

hypothesis of unit roots using the absolute value (level) of variables of the agricultural, 

manufacturing and productive sectors. However, the null hypothesis was rejected in 

the case whe_n using the first difference of value of variables, confirming the 

possibility of using the first difference of the observation of the variables. 
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The co-integration test of Johansen (1988) was used to investigate whether any stable 

long-run relationships exist between dependent and independent variables. The results 

indicate the possibility of using the level of variables integrated at the same rank in 

the regression for all specifications, as in the case of the Libyan agricultural, 

manufacturing and productive sectors. 

Both Cobb-Douglas and Constant Elasticity of Substitution were estimated in their 

different forms of Constant and Variable Returns to Scale, and using the two forms of 

constant and variant Hicks neutral technical change. The two functions were 

estimated for the Libyan agriculture and manufacturing sectors separately and 

combined. 

The empirical results obtained in this study can be summarised as follows: 

Firstly, the principal finding of the analysis of the Libyan agriculture and 

manufacturing sectors is that the best form of production function among the different 

forms used in this study to describe the production process in these sectors is a Cobb

Douglas production function with constant Hicks neutral technical change, and under 

the assumption of Variable Returns to Scale (VRS). 

Secondly, with regard to regression results, the elasticity of GDP with respect to 

capital and labour estimated were 46% and 18% respectively in the agriculture sector 

(Table 6-7) and 56% and 50% respectively in the manufacturing sector (Table 6-11). 

The contribution of technical change to growth of GDP was 1.6% in the agriculture 

and 3% in the manufacturing sector. 
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Thirdly, from the above figures, it can be noted that the elasticity of GDP with respect . 

to capital is higher than the elasticity of GDP with respect to labour in both sectors 

(agriculture and manufacturing) indicating that the growth rate in the Libyan 

agriculture and manufacturing sectors are more responsive to capital input than labour 

input. 

Fourthly, the Libyan agricultural sector is characterized by decreased returns to scale, 

because the sum of the two estimated parameters of capital and labour is less than one. 

However, production in the Libyan manufacturing sector exhibits constant returns to 

scale, because the sum of the two estimated parameters of capital and labour is equal 

to one. 

Fiftl,/y, technical change that accrued during the period 1970-2008 was growing at 

constant rates in the Libyan agriculture and manufacturing sectors, and it positively 

affected the GDP in these sectors, but its effect was relatively small, as indicated by a 

low elasticity of GDP with respect to technical progress in both sectors. 

Fi11ally, the economic embargo on Libya during the period 1992-2002 had a positive 

impact on the manufacturing sector ( D1 = 22%) and had no impact on the agricultural 

sector. The manufacturing sector was affected negatively in the time of the world 

recession in the year of 1982 ( D3 = -I 6%) and positively in the period 2002-2008 

(D4 = 36%), the latter coincided with major structural and management change in the 

country, a surge in oil prices and an increase in the quota of oil exports, resulting in 

huge increases in GDP. 
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Based upon the above findings, it can be argued that: all the economic sectors in 

Libya were more responsive to capital input than labour. Technical progress had a 

positive effect on the agriculture and manufacturing sectors, but its effect was 

relatively small, this maybe because the Libyan productive sectors are public owned 

which.did not adopt new technology. 

The labour input also had a positive impact on the growth of GDP in both 

agriculture and manufacturing sectors, but its impact was less than capital input. This 

was because most of the local workers used in these sectors were unskilled. 

Despite directing a large amount of investment into the productive sectors, these 

investments did not achieve the projected returns. The ineffectiveness of government 

investment expenditure on the productivity of the Libyan productive sectors can be 

assigned to a number of factors. 

First, the Libyan productive sector is overwhelmingly publicly owned. Second, using 

the investments ineffectively is perhaps another factor attributing to the inefficiency 

of Libyan investment in productive sectors, which may be attributed to 

mismanagement in Libya. Finally, the low elasticity of substitution between 

production factors (capital and labour) led to difficulty of replacing capital with 

labour. All these factors mentioned above may lead to increased production costs, 

resulting in the ineffectiveness of investments. 
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8-2. Policy implications: 

Some policy implications can be derived based on the empirical results which 

can help the policy makers to reallocate available resources in a more effective way. 

It is clear from the results that the growth rate in the Libyan productive sectors is 

more sensitive to changes in capital input than labour, as indicated by the higher 

elasticity of GDP with respect to· capital than labour. Since the elasticity of 

substitution between production factors (capital and labour) influences the 

effectiveness of capital, including economic growth in Libya, policy makers should 

take into account the relationship between the elasticity of substitution and the 

effectiveness of investment spending on productive sectors by maintaining an optimal 

level of the labour-capital ratio, in order to maximize production. In addition, policy 

makers should improve to the quality of labour through providing more opportunity 

for education and training. 

In addition to improvement of the quality oflabour, a high growth rate in the Libyan 

economy, especially in the productive sectors, may also be achieved by increasing the 

import of capital goods, because imported capital goods tend to embody advancement 

in technology that can be beneficial to production. 

Furthermore, it could be suggested that the Libyan productive sectors should be 

converted from public to private ownership as a lot of studies have shown that public 

owned enterprises are less efficient than their private counterparts. 

It is vital for the government to encourage foreign investment, particularly in 

agriculture and industry sectors because of its great economic benefit to the country. 

The expansion of investment in profitable industrial activities, which rely heavily on 

local raw materials, is also required. 
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• 

8-3. Suggestion for furtlier researcl,: 

Several suggestions should be mentioned for further research relating to this study. 

t- The first suggestion is related to the measuring of factor inputs. This study 

used labour input relying on the number of workers as a quantitative variable, 

because the lack of data on working hours and of wages in the Libyan 

database. Other studies have used alternative ways to measure production 

factors, for example, the number of hours worked instead of the number of 

workers was used in some studies. In future studies alternative measurement 

may be used. This work could also be extended to include other factors in the 
' 

• 

production function along with capital and labour, such as arr1ount of land 

cultivated, fertilizer, raw materials and agricultural loans. 

Moreover, the level of human capital and investment on research and 

development (R&D) could also be included. Of course, these are conditional 

on data availability. 

2- This study applied two kinds of production function (Cobb-Douglas and 

Constant Elasticity of Substitution production functions) within Libyan 

context, further work may be carried out using different sets of production 

functions, such as Variable Elasticity of Substitution, Leontief, and Trans-long 

production functions. 

, 

3- This study has concerned the factors affecting economic growth, such as 

technical progress, further work might be carried out using different way to 

measure the effect of this factor rather than time trend (direct approach) . 

• 
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• 

4- Finally, as this study is concerned with the effect of production factors on 

economic growth in the long-:run, only dynamic model equations were used in 

this study. When quarterly or half year unit observation data become available 

the Error Correction Model (ECM) should be used to estimate the short-run 
• 

effect. 

\ 

• 

, 
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Appendix A : Data set o the model 

Table A(l) 

The contribution of agriculture in GDP during the period 1970-2008 
. . 

<>. ,, ~ ... -~ 

. - ' ~ . . Th I . ·11· L D t t · e va ue ,n mi ion . a curren orices 
_·:;,,_ ~- i ~ ~ 
, ._·. ·<- ,, l. , . ,., -- ~ . ,...r-_, ~~-
• ', \? .._,-' 

-·. ~ ' ' } 
·:' ... ' 

·year ·. , , .~ . J " Agricultural GDP . Agricultural to Annual growth 
·.~I' l ,._il 

-
." I I 

, ' , 

, ' . 
. , , 

' • 
', ... ,. ' 

~:. / .. ? ~ ~ -~ ; - - " ~ ' " 
• ! ',' ... 

·;. I ' ' ' 
: I ~ l 

" ',' 

i~ J •• ...... 
" . .,_) . •. 

.... .., ... _ , 
, 

- -' . . 
:: ~ ~ ll 

- \ -~~~ J 

:,: .... .., ~ 
,'. .. .,, ~ 

r 

-
~, .. t ..,,t 
~, y 

' 

. . ' 

. ' 

. ' • 

' GDP volume ' '' GDP% rate 
,. · 1970 33.1 1288.3 2.6 -

· 1971 33 1586.5 2.1 -0.3 
, · . -' 1 9 72 · -<- 'Ii, , ~ , 43.6 1753.0 · 2.5 32.1 
-•. · 1973 60 2182.5 2.7 37.6 

-·1974- .. - ' 64.7 3795.7 1.7 . 7.8 , ' -

1975 82.9 3674.3 2.3 28.1 
1976 99.7 4768.1 2.1 

, 

20.3 
";',: 1977 .f 90, 5612.7 1.6 -9.7 -. • 

' 1978 122.1 5496.1 2.2 35.7 
·- -- , ,- 1979 140.4 7603.0 1.9 15 

,, ', 1980 236.4 10553.8 2.2 68.4 
.V" I\ Y, . ' 1981 273.6 8798.8 3. 1 15.7 

1982 285.7 8932.4 3.2 4.4 
1983 303 5811. 7 3.6 6.1 
1984 323 7804.7 4.1 6.6 
1985 342.2 7852.1 4.4 5.9 

'1986 384.7 6760.7 5.5 12.4 
1987 411.2 6011.6 6.8 6.9 

·, 1988 423.3 6186 6.8 2.9 
1989 439.8 7191 6.1 3.9 
1990 482.9 8246.8 5.9 9.7 
1991 542.4 8757.3 6.2 12.3 
1992 630.2 9231.9 6.8 16.2 
1993 708.8 9137.7 7.8 12.5 
1994 827.9 9670.8 8.6 16.8 
1995 933.4 10672.3 8.7 12.7 
1996 1074.5 12327.3 8.7 15.1 
1997 1267 13800.5 9.2 17.9 
1998 1394.3 12610.6 ' 11 10 
1999 1449.9 14075.2 10.4 4 
2000 1437.7 17620.2 8.2 -0.8 
2001 1319.8 18079.1 7.3 -8.2 
2002 1294.6 25914.1 5.0 -1.9 
2003 1332.9 37360.7 3.6 2.9 
2004 1328.6 48105.4 2.8 -0.3 
2005 1447.S 66450.7 2.2 8.9 
2006 1643.0 80729.9 2.0 13.S 
2007 1905.3 89260.3 2.1 15.9 
2008 2020.7 105728.4 1.9 6.1 

Sources: General Authority for l,iformation and Documentation,· Council of General Planning (the Ministry of Planning), 
Central Bank of Libya, IMF, World Bank; Privati:ation and Investment Board 
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, 

TableA(2) 

Manufacturing GDP and its share in the GDP during the period 1970-2008 

• at current ,r;rzces. e va ue 1n mz 10n Th I 
• 

year Manufacturing GDP GDP volume Manufacturing Growth rate 
' orGDP% 

1970 22.5 1288.3 1.7 -
1971 24.5 1586.5 1.5 8.9 
1972 32 1753.0 1.8 30.6 
1973 43.8 2182.5 2 36.9 
1974 55 • 3795.7 1.5 25.6 

1975 65.5 3674.3 1.8 - 19.1 
1976 90.6 4768.1 1.9 38.3 
1977 124.7 5612.7 2.2 37.6 
1978 148.7 5496.1 2.7 19.2 
1979 185.8 ' 

7603.0 2.4 24.9 
' 

1980 210.4 10553.8 2 13.2 
1981 252.4 8798.8 ' 2.9 20 

1982 265.8 8932.4 3 5.3 
1983 329.l 5811.7 3.9 23.8 

1984 361.2 7804.7 4.6 9.8 
1985 421.7 7852.1 5.4 16.6 

1986 359.6 6760.7 5.2 -14.7 
1987 334.5 6011.6 5.6 -7 
1988 397.2 6186 6.4 18.7 

1989 412.3 7191 5.7 3.8 

1990 457.6 8246.8 5.6 11 

1991 476.1 8757.3 5.4 4 
1992 555 9231.9 6 16.6 

1993 699.6 9137.7 7.7 26.1 

1994 604 9670.8 6.3 -13.7 

1995 743.1 10672.3 7 23 

1996 702.9 12327.3 5.7 -5.6 
1997 818.6 13800.5 S.9 16.5 

1998 779.3 12610.6 6.2 -4.8 . 

1999 863.l 14075.2 6.1 10.8 
• 

2000 972.9 
< 

17620.2 5.5 12.7 

2001 877.8 18079.1 4.8 -9.7 

2002 813.1 25914.1 3.1 -7.3 

2003 764.7 37360.7 2.0 -5.9 

2004 761.l 48105.4 1.58 --0.4 

2005 799 66450.7 1.20 4.9 

2006 •: - 806.9 80729.9 0.99 0.98 

2007 814.9 89260.3 0.91 0.99 

2008 823 105728.4 0.77 0.99 
• • • • Sources: General Authority/or l,iformat1on and Documentation,· Council of General Planning (the Ministry of Planning), 

Central Bank of Libya, /MF, World Bank; Privati;ation and Investment Board 
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Tabl~A(3) 

· Labou~ fo;ce in a~iculture and industry sectors, and its percentage to total labour in Libya 
· during the period 1970-2008. 

Th b · th enum ers m d ousan . 
years ,. Awicultural sector Industrial sector 
... Number %to increase Per Number %to Increase Per 

' . ·~ •·.of. total rate of capita of total rate of capita 
labour labour labour% income labour labour labour% income 

· 1970 126 29.1 - 0.2 20.4 4.7 - 1.1 
1971 127 27.7 0.8 0.2 21.4 4.6 4.9 1.1 
1972 ·· 127.7 26.2 0.6 0.3 22.9 4.7 7 1.3 

~ 1973 -. 129 24 1 0.4 25.9 4.8 13.1 1.6 
1974 -' 131.4 21.6 1.9 0.4 29.3 4.8 13.1 1.8 

· 1975' .. 133.4 19.7 1.5 0.6 32.9 4.8 12.3 1.9 
1976 , 141.2 19.3 5.8 0.7 37.4 5.1 13.7 2.4 
1977 · 144.9 19 2.6 0.6 41.5 . 5.5 11 3.0 

. -1978 .. }47.9 19.1 2.1 0.8 47.4 6.1 14.2 3.1 

; 

i 

' 

' 

1979 150.1 19 1.5 0.9 52.8 6.7 11.4 3.5 
1980 .. 153.4 18.9 2.2 1.5 58 7.1 9.8 3.6 
1981 162.4 17.2 5.9 1.6 64 6.8 10.3 3.9 
1982 167.5 15.5 3.1 1.7 73.7 6.8 15.2 3.6 
1983 173 14.7 3.3 1.7 80.5 6.8 9.2 4.0 
1984 185.5 20 7.2 1.7 72 7.8 -10.6 5.0 
1985 177 19.8 -4.6 1.9 75 8.4 4.2 5.6 
-1986' .. 178.5 19.7 0.8 2.1 77 8.5 2.7 4.6 
1987 180 19.2 0.6 2.2 79 8.4 2.6 4.2 
1988 186.9 19.4 3.8 2.2 85.8 8.9 8.6 4.6 
1989 191.6 19.1 2.5 2.2 92.2 9.3 7.5 4.4 
1990 188.9 18.5 -1.4 2.5 99.4 9.8 7.8 4.6 
1991 189.6 18.7 0.4 2.8 101.1 10 1.7 4.7 
1992. 195.7 18.7 3.7 3.2 105.4 10.1 4.3 5.2 
1993 201.2 18.1 2.8 3.5 112.6 10.1 6.8 6.2 
1994 206 18.2 2.4 4.0 120.5 10.5 7 5.0 
1995 212.7 17.8 3.3 4.3 124.5 10.5 3.3 5.9 
1996 219.5 17.8 3.2 4.8 128.5 10.5 3.2 5.4 
1997 219.2 17.5 -0.1 5.7 147.8 11.8 15 5.5 
1998 225.1 17 2.7 6.1 156.8 11.8 6.1 4.9 
1999 232 16.7 3.1 6.2 163.7 11.8 4.4 5.2 
2000 239.1 16.5 3.0 6.0 169.6 11.7 3.6 5.7 
2001 113.2 7.8 -52.0 11.6 115.8 8.0 -31.7 9.7 
2002 107.2 7.2 -5.30 12. 118.7 7.9 2.5 12.4 
2003 102.1 6.6 -4.7 13.0 121.6 7.9 2.4 16.3 
2004 109.2 6.9 6.9 12.1 126.2 7.9 3.8 19.4 
2005 117.0 7.0 7.1 12.3 131.2 7.9 3.9 23.8 
2006 125.8 7.3 7.5 13.0 136.3 7.9 3.9 26.4 
2007 67.9 3.9 -46.0 28.0 128.5 7.3 -5.7 31.3 
2008 51.00 2.8 -24.9 39.6 127.2 1.1 -1.0 37.3 
Sources: General Authority for Iriformatlon and Documentation; Council of General Planning (the M1mstry of Planning), 
Central Bank of Libya, IMF, World Bank; Prlvati:atlon and Investment Board 
Notes: per capita income in the two sectors was calculated from tables (1), (2) and table (3), and their value in 
million L.D. 
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TableA(4) 

Oil GDP, its share in GDP and its labour force 

The value of oil GDP in million LDs with current price. 
d The number o"labour in thousan . At current r1rices 

years Oil GDP Oil to Oil Labour %to Increase Per 
GDP growth in oil total rate of capita 

% rate sector labour labour • income 

1970 812.6 63.1 - 10 2.3 - 81.26 

1971 922.7 58.2 13.5 10 2.2 - 92.27 

1972 920.6 52.5 -0.2 10 2.1 - 92.06 

1973 1131.8 51.9 22.9 10.2 1.9 2 110.9 

1974 2385.3 62.9 110.8 10.4 1.7 2 229.3 

1975 1961.1 53.4 -17.8 10.7 1.6 2.9 183.2 

1976 2750 57.7 40.2 11 1.5 2.8 250.0 

1977 3275.9 58.4 19.1 11.3 1.5 2.7 ' 289.9 

1978 2808.7 51.1 -14.3 11.7 1.5 3.5 240.0 

1979 4545.3 59.8 61.8 11.7 1.5 - 388.4 

1980 6525.7 61.8 43.6 13.7 1.7 17.1 476.3 

1981 4403.3 50 -32.5 13.8 1.5 0.7 319.0 

1982 4235.8 47.4 -3.8 14 1.3 1.4 302.5 

1983 3823.6 44.9 --9.7 13.8 1.2 -1.4 277.0 

1984 3209.8 41.1 -16.1 13 1.4 -5.8 246.9 

1985 3500.4 44.6 -9.1 13.5 1.5 3.8 259.2 

1986 2595.8 37.3 -25.8 13.6 1.5 0.7 190.8 

1987 1857.4 31.2 -27.8 13.7 1.5 -2.1 135.5 

1988 1570 25.4 -16.3 15.4 1.6 12.4 101.9 

1989 2055.5 28.6 30.9 15.7 1.6 1.9 130.9 

1990 3243.8 39.3 57.8 16.9 1.7 7.6 191.9 

1991 3104.3 35.4 -4.3 17.5 1.7 3.6 177.3 

1992 2925.7 31.7 -5.8 18.1 1.7 3.4 161.6 

1993 2460.1 26.9 -15.9 18.5 1.6 2.2 132.9 

1994 2892.9 29.9 17.6 19.2 1.7 3.8 150.6 

1995 3380 31.7 16.8 19.8 1.7 3.1 170.7 

1996 3960.3 32.1 17.2 20.5 1.7 • 3.5 193.1 

1997 4505.8 · 32.6 13.8 21.6 1.7 5.4 208.6 

1998 2786 22.1 -38.2 37.5 2.8 73.6 74.2 

1999 3995.9 28.4 · 43.4 38.7 2.8 3.2 103.2 

2000 6661 37.8 66.7 39.9 2.8 3.1 166.9 

2001 6784.2 37.5 1.8 40.0 2.8 0.25 '169.6 

2002 13630.6 52.6 100.9 43.9 2.9 9.7 310.4 

2003 21514.4 57.5 57.8 45.7 2.9 4.1 470.7 

2004 30848.4 64.1 43.4 48.9 3.1 7.0 630.8 

2005 46205.7 69.5 49.8 50.4 3.0 3.1 916.7 

2006 58358.1 72.3 26.3 53.4 3.1 5.9 1092.8 

2007 61834.2 69.3 5.9 58.5 3.3 9.5 1056.9 

2008 74121.9 70.1 19.8 61.6 3.4 ' 5.3 1203.2 
• • Sources: General Authority/or Jnformat1on and Documentation; Council of General Planning (the Ministry of Planning), 

Central Bank of Libya, J},,/F, World Bank,· Prlvatl:ation and Investment Board ' • 
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Table.A (5) 
. ' 

' .. 

~• ~ ' I ~ 

Oil GDP, its share in GDP and its labour force 
··r .,.,. ,•, -;. 
~. • I - I -
• ' _, f" 

~ I .,.... V' • ~ 
:. ; ..- '-;.~ ,< .N 

"' 1 t ~ l '!, 
0 • 

• ·- ¥ ... ~ 

.. .-' j 

J- - ,' 

' --

The value of oil GDP in million LD at constant price of 1980. 
•:<: ~ The number or Jabour in thousand 
i· ~ • J 
·:- I J . ' .· years· Oil GDP Oil to Oil Labour ' %to 

\' 4:'- ~ J::,.. •-.. r'·-.1 • _,~ !~ 

GDP growth in oil total ~- ' ~ 

-,c i .... --
• J' I 
, -:. 1 ... 

~ ... '; ~ 

' -- % 
• I 

rate sector labour 
1970 - 2127.2 63.1 - 10 2.3 

' ~-- ::· 1971 _' -- 1879:2 58.2 -11 10 2.2 
• I 1972 • ., 1988.3 52.5 6 10 2.1 

" 1973 2560.6 51.9 29 10.2 • 1.9 
. 

-~ ; I ,. , ~ • . 
" ·- 1974 5096.8 62.9 99 10.4 1.7 , 

. . ' . ~ -. 
:; ~ , ,.._, -. ~ -t \ • -< -

,, . ., . 
··-- -~ < 
'• •· T ~~• -t: 1975 3961.8 53.4 -22 10.7 1.6 

' , -: 1976 ' 5092.6 - 57.7 28 11 1.5 
-. ' , . 

< 1977 5370.3 58.4 5 11.3 1.5 ' 

1978 4100.3 51.1 -23 11.7 1.5 
' 1979 5398.2 59.8 31 11.7 1.5 

. 
.- ~ ':, 1980 6525.7 61.8 21 13.7 1.7 

, · . 1981 4250.3 so -35 13.8 1.5 
~ .~ c." 1982 , 3654.7 47.4 -14 14 1.3 
- ·1983 2984.8 44.9 -18 13.8 1.2 

':. ,. ,, . . . 
.-.. . . '· '1984 2227.S 41.1 -25 13 1.4 

' 

•, : 1985 2225.3 44.6 -0.09 13.S 1.5 
·. 1986 1597.4 37.3 -28 13.6 1.5 

·:.- ~~ }'~ 
: I , 

.= .. 

' 
· · :· 1987 1105.8 31.2 -31 13.7 1.5 
-"1988 897.6 25.4 -18 15.4 1.6 

.. . 
·; -1989 1160.6 28.6 29 15.7 1.6 

1 ¼.,., 1990 1686.0 39.3 45 16.9 1.7 
-.. , 1991 1443.8 35.4 -14 17.S 1.7 

':'· 1992 1183.5 31.7 -18 18.1 1.7 
··1993 829.4 26.9 -30 18.5 1.6 

• 1994 762.1 29.9 -8 19.2 1.7 
• 

1995 712.3 31.7 -6 19.8 1.7 
1996 695.4 32.1 -2 20.5 1.7 
1997 659.3 32.6 -5 21.6 1.7 
1998 473.8 22.1 -28 37.5 2.8 
1999 598.2 28.4 26 38.7 2.8 

-2000 1027.9 37.8 71 39.9 2.8 
2001 1147.9 37.S 0.2 40.0 I 2.8 

• 

2002 ·2557.3 52.5 122 43.9 2.9 
2003 3628.4 60 42 45.7 2.9 
2004 5338.8 65 47 48.9 3.1 
2005 7528.9 70 41 50.4 3.0 
2006 11244.3 72 49 53.4 3.1 
2007 10791.3 69 -4 58.5 3.3 
2008 11491.8 70 6.5 61.6 3.4 

Increase 
rate of 
labour 

-
-
-
2 

' 2 
2.9 
2.8 
2.7 
3.5 
-

17.1 
0.7 
1.4 
-1.4 
-5.8 
3.8 
0.7 
-2.1 
12.4 
1.9 
7.6 
3.6 
3.4 
2.2 
3.8 
3.1 
3.5 
5.4 
73.6 
3.2 
3.1 
0.25 
9.7 
4.1 
7.0 
3.1 

. 

5.9 
9.5 
5.3 

erlod Average of annual rowt/1 rate 
1970-1985 4.7% 
1986-2007 12.5% 

Source: was calculated by research from table (4) and table (8) in appendix. 

Per 
capita 
• income 

212.7 
187.9 
198.8 
251.0 
490.0 
370.2 
462.9 
475.2 
350.4 
461.3 
476.3 
307.9 
261.0 
216.2 
171.3 
164.8 
117.4 
80.7 
58.2 
73.9 
99.7 
82.5 
65.3 
44.8 
39.6 
35.9 
33.9 
30.5 
12.6 
15.4 
25.7 
28.6 
58.2 

79.39 
109.1 
149.3 
210.5 
184.4 
186.S 
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TableA(6) 

Agriculture and Manufacturing expenditure compared with total investment expenditure 
during the period 1970-2000. 

The value 1n m1 10n • an a curren rir,ces • ·11· L D d t t • 

year Agriculture % of total Industry % of total Oil expenditure o/o of total Total 
ex oenditure ex ,enditure exoend iture ex ,enditure ex >enditure ex :,enditure 

1970 23.4 16 15 10.3 1.5 1 146 

1971 47.8 19.2 29 11.7 • 15.3 6.2 247.6 

1972 63.8 16.l 65.1 16.4 27.8 7 397.4 

1973 88.9 21.5 62.5 15.1 28.5 6.9 413.8 

1974 223.9 25.9 107 12.5 56.8 6.6 866 
1975 242.2 26.2 100 10.8 52.9 5.7 923.2 

1976 288.1 24.3 165.5 13.9 67.3 5.7 1187.2 

1977 263.7 20.6 160.7 12.6 67.7 5.2 1280.3 

1978 281.8 20.5 157.1 11.6 80 5.8 1371.3 

1979 379.7 20.3 210.2 11.2 93.4 5 1868.8 
1980 489.9 19.2 583.2 22.9 55.3 2.2 2551.6 
1981 487 .. 5 17 530.7 18.5 57.6 2 2872.6 

1982 308.6 13.1 409.7 17.3 25.2 1.1 2365.9 

1983 252.9 12.1 455.7 21.7 19 0.9 2096.3 

1984 262.3 14.3 381.5 20.8 18.6 1 1834.7 

1985 182.8 12 289.2 19 129.1 8.5 1523.3 

1986 120.4 10.8 201.3 18 1.2 0.1 1117.1 

1987 105.6 13.4 158.7 20.1 7.5 1 788.4 

1988 100 13.8 112.8 15.6 17.7 2.4 722.4 

1989 145.1 17.6 95.9 11.6 24.3 3 823.4 

1990 217.8 31 35.8 5.1 16 2.3 702 

1991 236.2 32.7 9.4 1.3 37 5.1 723.3 

1992 29.2 7.4 20.2 5.1 32.6 8.2 396.3 

1993 194.9 48.1 11.6 2.9 49.9 12.3 405.2 

1994 14 2.8 35.5 7 26.8 5.3 507.3 

1995 5.9 1.8 26 8.1 30.2 9.5 318.9 

1996 57.4 8.7 71.3 10.8 61.9 9.4 660.9 

1997 173.7 20.5 0 0 155 18.3 847.1 

1998 61.5 12.7 3.8 0.8 42.8 8.8 485.2 

1999 53.5 6.7 5.3 0.7 109.5 13.8 794.1 

2000 141.2 9.2 7.3 0.5 77.1 5 1541 

2001 • 

2002 
2003 < 

2004 
2005 

,, 

2006 
2007 
2008 

• • Sources: General Authority for Informat1on and Documentation: Council of General Planning (the Ministry of Planning) • 
Central Bank of Libya, /},IF, World Bank,· Privati:ation and Investment Board 

• 

' 
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o/o of total 
ex >enditure 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

• 



Table.A(7) 
The capitalfuedformation in Agriculture, Manufacturing and Oil sectors and their share in 

'!" ' ·.,.Total capitalfuedformation during the period 1970-2008. 
The value in million LD at current vrice ~ 

year , CFFin Growth CFFin Growth rate CFF in Oil Growth rate Total Growth 
rate of 

Agriculture rate of manufacturing ofCFF in sector ofCFF in Capital rcFF 
CFF in sector manufacturing oil Fixed 

, ,t agriculture sector Fonnation ---1970 . ' 11.6 - 9.4 - 93.0 - 242.7 ~ 
1971 · -33.6 189.6 30.5 224.4 28.5 -69.3 287.9 ~ 
1972 •. 37.9 · 12.7 45.9 50.4 29.5 3.5 436.5 __&;-
1973 79.4 109.4 75.2 63.4 32.3 9.4 636.2 ~ 

· 1974 · 154.1 94.0 127.3 69.2 22.1 -31.5 979.4 _ft, 
1975 · · 149.9 -2.7 121.5 -4.5 26.1 18.1 1054.7 _;;A, 
1976 ,· 170.9 14.0 171.2 40.9 24.2 -7.3 1225.9 ~ 
1977 · 188.4 10.2 164.6 -3.8 45.4 87.6 1368.3 _µ} 
1978 217.5 15.4 163.2 -0.8 99.1 118.3 1532.0 --1M--
1979 234.2 7.6 269.8 65.3 87.4 -11.8 1955.3 ~ 
1980 · 336.4 43.6 429.1 59.0 171.7 96.4 2756.8 _J.f 
1981 350.3 4.1 498.8 16.2 156.2 -9.0 2660.3 Y. 
1982 237.5 -32.2 348.1 -30.2 147.7 -5.4 2771.5 --4:} 
1983 208.3 -12.3 398.8 14.5 327.9 122.0 2524.3 ~ 

·1984 190.4 -8.5 418.1 4.8 171.7 -47.6 2127.7 __:g+ 
1985 120.5 -36.7 215.1 -48.5 145.8 -15.1 1558.1 ~ 

·1986 ·82.3 -31.7 178.4 -17.0 143.2 -1.7 1375.9 _;g} 
1987 · 71.6 -13.0 135.0 -24.3 146.2 2.1 949.9 ~ 
1988 · 71.8 0.27 158.8 17.6 146.6 0.2 1049.8 ~ 
1989 112.8 57.1 82.3 -48.1 185.5 26.5 1156.8 ---1#-
1990 ,'"' 174.1 54.3 43.9 -46.6 240.7 · 29.7 1135.1 Yo 

· 1991 30.1 -82.7 37.6 -14.3 198.7 -17.4 1034.3 ~ 
1992 85.0 182.3 67.6 79.7 244.5 23.0 1007.8 ~ 
1993 521.4 513.4 122.5 81.2 405.9 66.0 1503.7 _jJ:J--
1994 410.0 -21.4 171.7 40.1 365.1 -10.0 1622.4 _JJ, 
1995 401.9 -1.9 162.4 -5.4 154.1 -57.7 1244.6 ~ 
1996 436.4 8.6 301.9 85.8 109.1 -29.2 1639.7 _}}J, 
1997 649.1 48.7 82.8 -72.5 127.3 16.6 1684.5 ---?& 
1998 345.5 -46.7 131.0 58.2 234.0 83.8 1396.6 --3}! 
1999 257.5 -25.5 93.5 -28.6 297.7 27.2 1536.0 .--!k 
2000 508.7 97.5 40.3 -56.8 200.0 -32.8 2281.2 ~ 
2001 369.9 -27.3 80.4 99.5 200.0 0 6688.5 _Y.Jf 
2002 1351.0 265.2 478.0 494.5 949.0 374.5 9707.6 ~ 
2003 906.0 -32.9 441.0 -7.7 1153.0 21.4 9974.0 ~ 
2004 676.0 -25.3 471.0 6.8 1238.0 7.3 10682.7 L--lk 
2005 1227.0 81.5 480.0 1.9 1664.0 34.4 13331.3 LJ#-
2006 1127.0 -8.1 581.0 21.0 1747.0 4.9 14515.6 -~ 
2007 1273.5 ' 650.7 l-/ 
2008 1439.0 728.8 l-/ 
Sources: General Authority for Information and Documentation; Council of General Planning (the Ministry of Planning), 
Central Bank of Libya, IMF, World Bank; Pr/vati:at/on and Investment Board 

CFF• Capital Fixed Formation, 
TCFF• Total Capital Fixed Formation, 
L,I>- Libyan dinar, 
Notes, Value offtxed capital formation ( I) for the period 2007,2008 are estimated and obtained ft-om the following equation:• 
B·(l+X)"•E 
E• value ofvariable in ending year, 
B • value of variable In beginning year, 
X • growth rate value 
N • number of years between bceinning and ending year, 

For example, if the beginning year ia 1970 and the ending year i1 1983, then N • 13. 

( 
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Tab/eA(B) 

The GDP value in current and constant prices and general price index of 1980 
• 

The value in million L.D 

years GDP value general price index The real GDP Annual growth rate of 
at current value the real GDP 

• orzces 
1970 1288.3 0.382 3372.5 -
1971 1586.5 0.491 3231.2 -4 

1972 1753.0 0.463 3786.2 17 

1973 2182.5 0.442 4937.8 30 

1974 3795.7 0.468 8110.5 64 

1975 3674.3 0.495 7422.8 -8 

1976 4768.1 0.540 8829.8 19 

1977 5612.7 0.610 9201.1 4 

1978 5496.1 0.685 8023.5 -13 

1979 7603.0 0.842 9029.7 12 

1980 10553.8 1.00 10553.8 16 

1981 8798.8 1.036 8493.1 -19 

1982 8932.4 1.159 7706.9 -9 

1983 5811.7 1.281 6644.6 -13 

1984 7804.7 1.441 5416.2 -18 
' 

1985 7852.1 1.573 4991.8 -8 

1986 6760.7 1.625 4283.5 -14 

1987 6011.6 1.696 3544.6 -17 

1988 6186 1.749 3536.9 -0.2 

1989 7191 1.771 4060.4 14 

1990 8246.8 1.924 4286.3 5 

1991 8757.3 2.150 4073.2 -5 
1992 9231.9 2.472 3734.6 -8 

1993 9137.7 2.966 3080.8 -17 

1994 9670.8 3.796 · 2547.6 -17 

1995 10672.3 4.745 2249.2 -11 

1996 12327.3 5.695 2164.6 -4 

1997 13800.5 6.834 , 2019.4 • -7 

1998 12610.6 5.880 2144.7 6 

1999 14075.2 6.680 2107.1 -2 

2000 17620.2 6.480 2719.2 29 

2001 18079.1 5.910 3059.1 12, 

2002 25914.1 5.330 4861.9 
, 

59 

2003 37360.7 5.220 7157.2 47 

2004 48105.4 5.100 9432.4 32 

2005 66450.7 5.200 12779 35 

2006 80729.9 5.190 15554.9 21 

2007 89260.3 5.730 15577.7 0.1 

2008 105728.4 6.450 16392 5 
• • • Sources: General Authority/or Informat,on and Documentation; Council of General Planning (the Ministry of Planning), 

Central Bank of Libya, l!YIF. World Bank,· Pri-vatl:ation and Investment Board 

' 
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TableA(9) 

Capita stock and its composition during the study period 

.. an at current ririces. e va ue m m1 10n . /I LD d 
years· Auicultural sector industrial sector Oil sector 

"'• ' -,-, K,., .· C I, K,., C I, K,., C I, 
1970 · 122.9 2.0 11.6 79.3 2.3 9.4 461.2 62.3 93 
1971 154.5 2.0 33.6 105.2 4.6 30.5 439.4 50.3 28.5 

·1972 189.9 2.5 37.9 145.8 5.3 45.9 416.9 52.0 29.5 
1973 · 266.6 · 2.7 79.4 215.4 5.6 75.2 408.2 41.0 32.3 

· 1974 417.5 3.2 154.1 334.6 8.1 127.3 375.7 54.6 22.1 
· 1975 561.4 6.0 149.9 446 10.1 121.5 346.5 55.3 26.1 
· 1976 724.3 8.0 170.9 603.9 13.3 171.2 312 58.7 24.2 
· 1977 902.3 10.4 188.4 753.6 14.9 164.6 305.8 51.6 45.4 

1978 1105.3 14.5 217.5 900 16.8 163.2 348.7 56.2 99.1 
· 1979 1318.4 21.1 234.2 1151.3 18.5 269.8 396.1 40.0 87.4 
.1980· 1630.3 24.5 336.4 1555.6 24.8 429.1 494.5 73.3 171.7 
· 1981 · 1955.3 25.3 350.3 2028.1 26.3 498.8 544.7 106 156.2 
,•·1982 · 2164 28.8 237.5 2346.4 29.8 348.1 601.6 90.8 147.7 
· 1983 2341.8 30.5 208.3 2712.9 32.3 398.8 838.1 91.4 327.9 
. 1984 2501.2 31.0 190.4 3096 35.0 418.1 915.7 94.1 171.7 
'.1985 2588.5 33.2 120.5 3268.4 42.7 215.1 961.4 100.1 145.8 
.1986 2632.6 38.2 82.3 3357.8 89.0 178.4 1029.6 75.0 143.2 
; 1987 2663.2 41.0 71.6 3387.1 105.7 135.0 1098.3 77.5 146.2 
1988 2692.3 42.7 71.8 3427.9 118.0 158.8 1160.6 84.3 146.6 
1989 2760.6 44.5 112.8 3388.5 121.7 82.3 1247.4 98.7 185.5 

.1990 . 2885.7 49.0 174.1 3302.5 129.9 43.9 1373.7 114.4 240.7 
1991 2860.7 55.1 30.1 3207.4 132.7 37.6 1460.6 111.8 198.7 
1992 2881.7 64.0 85.0 3118.8 156.2 67.6 1597.2 107.9 244.5 
1993 3328.3 74.8 521.4 3054.7 186.6 122.5 1873.9 129.2 405.9 

.1994 3651.4 86.9 410.0 3035 191.4 171.7 2078.4 160.6 365.1 
· 1995 3956.4 96.9 401.9 2979.9 217.5 162.4 2002.4 230.1 154.1 

1996 4282.9 109.9 436.4 3067.7 214.1 301.9 1899.4 212.1 109.1 
1997 4806.4 125.6 649.1 2938.7 211.8 82.8 1839.3 187.4 127.3 
1998 5007.6 144.3 345.5 2851.4 218.3 131.0 1892.5 180.8 234 
1999 5103.3 161.8 257.5 2714 230.9 93.5 2026.1 164.1 297.7 
2000 5451.3 160.7 508.7 2511.6 242.7 40.3 2043.1 183.0 200 
2001 5790.3 30.9 369.9 2514.6 77.4 80.4 2115.11 127.99 200 
2002 7111 30.3 1351.0 2902 90.6 478.0 2932.08 132.03 949 
2003 7986 31.0 906.0 3251 92.0 441.0 3949.45 135.63 1153 
2004 8630.8 31.2 676.0 3618.1 103.9 471.0 5049.07 138.38 1238 
2005 9824.1 33.7 1227.0 4086.7 11.4 480.0 6570.67 142.4 1664 
2006 10921 30.1 1127.0 4546.4 121.3 581.0 8171.15 146.5 1747 
2007 12162.7 31.8 1273.5 5114.9 82.2 650.7 9944.333 113.5 1886.7 

2008 13569.7 32.0 1439.0 5761.7 82.0 728.8 11876.34 105.6 2037.6 
I= Gross Fixed Formation. 
C• fixed capital consumption depreciation 
K1 ... capital stock and was calculated from table (9) using equation (4-1). 
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Table A(JO) 

The real value of variables used to estimate the production functions in the agricultural and 
manufacturing sectors during the period 1970-2008. . 

' The value in million L.D 

' 

d The number or labour in thousan . 
years Agricultural sector Industrial sector 

GDP Kt . L GDP Kt L 
1970 86.6 321.7 126 58.9 207.5 20.4 

1971 67.2 314.7 127 49.9 214.2 21.4 

1972 94.2 410.1 127.7 69.1 314.9 22.9 

1973 135.7 603.2 129 99.1 487.3 25.9 
1974 138.2 892.1 131.4 117.5 714.9 29.3 
1975 167.5 1134.1 133.4 · 132.3 901.0 32.9 
1976 184.6 1341.3 141.2 167.8 1118.3 37.4 
1977 147.5 1479.1 144.9 204.4 1235.4 41.5 

1978 178.2 1613.5 147.9 217.1 1313.8 47.4 

1979 166.7 1565.8 150.1 220.7 1367.3 52.8 
1980 236.4 1630.3 153.4 210.4 1555.6 58 

1981 264.1 1887.3 162.4 243.6 1957.6 64 

1982 246.5 1867.1 167.5 229.3 2024.5 73.7 

1983 236.5 1828.1 173 256.9 2117.7 80.5 

1984 224.1 1735.7 185.5 250.6 2148.5 72 

1985 217.5 1645.6 177 268.1 2077.8 75 

1986 236.7 1620.1 178.5 221.3 2066.3 77 

1987 242.5 1570.3 180 197.2 1997.1 79 
1988 242.0 1539.3 186.9 227.1 1959.9 85.8 

1989 248.3 1558.8 191.6 232.8 1913.3 92.2 

1990 251.0 1499.8 188.9 237.8 1716.4 99.4 

1991 252.3 1330.5 189.6 221.4 1491.8 101.1 

1992 254.9 1165.7 195.7 224.5 1261.6 105.4 

1993 239.0 1122.1 201.2 236 1029.9 112.6 
1994 218.1 961.9 206 159.1 799.5 120.5 
1995 196.7 833.8 212.7 ' 

156.6 628.0 124.5 
1996 188.7 752.0 219.5 123.4 538.6 128.5 
1997 185.4 703.3 219.2 119.8 430.0 147.8 
1998 237.1 • 851.6 225.1 132.5 484.9 156.8 
1999 217.1 . 763.9 232 129.2 406.3 163.7 
2000 222.2 841.2 239.1 150.1 387.6 169.6 

2001 235.5 979.7 113.2 148.5 425.5 115.8 
2002 253.1 1334.1 107.2 152.5 544.5 118.7 
2003 263.6 1529.8 102.1 146.4 622.8 121.6 
2004 282.2 1692.3 109.2 149.2 709.4 126.2 
2005 298.9 1889.2 117.0 153.6 785.9 131.2 
2006 316.6 2104.2 125.8 155.4 875.9 136.3 

2007 332.5 2122.6 67.9 142.2 892.6 128.5 
2008 313.3 2103.8 51.00 127.5 893.3 127.2 

K = Real net capital stock of Libya and was calculated by research from table (8) and table (9). · 
I 
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• L.D= Libyan currency 

• 

Table A (11) 

an~e rate in $ =L.Ddurin the oeriod Q,r 1970-2007 
$=L.D 

0.35 

0.32 

0.32 

0.29 

0.29 
, 

" 

0.29 

0.29 

0.29 

0.29 

0.29 

0.29 

0.29 

0.29 

0.29 

0.29 

0.29 

0.31 

0.27 

0.28 
• 

0.29 

0.26 

0.26 

0.30 

0.32 

0.43 

0.42 

0.44 

0.44 

0.45 

0.46 

0.54 

0.64 

1.22 
- 1.30 

1.25 
1.35 

1 .31 

1.26 

Sources: Different tssueJ of Central Bank of Libya, IMF and World Bank. 

, 

• 

• 
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Appendix (B) Co-Integration Test 

Table B(l) 

Co-integration with unrestricted intercepts and no trend of variables included in the Co-
integrating vector of agricultural sector- at 5%. 

Sample (adjusted): 1972 2008 
Included observations: 37 after adjustments 
Trend assumption: Linear deterministic trend 
Series: lnQ lnK lnL 
Lags interval (in first differences): 1 to 1 

Unrestricted Co integration Rank Test (Trace) 

Hypothesized Trace 
No. ofCE(s) Eigenvalue Statistic 

None• 0.525408 33.06252 
At most 1 0.137727 5.486444 
Atmost2 9.91E-05 0.003667 

0.05 
Critical Value 

29.79707 
15.49471 
3.841466 

Trace test indicates 1 co integrating eqn(s) at the 0.05 level 
• denotes rejection of the hypothesis at the 0.05 level 
••MacKinnon-Haug-Michelis (1999) p-values 

Unrestricted Co integration Rank Test (Maximum Eigenvalue) 

Hypothesized Max-Eigen 0.05 
No. ofCE(s) Eigenvalue Statistic Critical Value 

None• 0.525408 27.57608 21.13162 
At most 1 0.137727 5.482777 14.26460 
Atmost2 9.91E-05 0.003667 3.841466 

Max-eigenvalue test indicates 1 co integrating eqn(s) at the 0.05. level 
• denotes rejection of the hypothesis at the 0.05 level 
••MacKinnon-Haug-Michelis (1999) p-values 

Prob.•• 

0.0203 
0.7552 
0.9506 

Prob.•• 

0.0054 
0.6801 
0.9506 
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,. Table.B(2) 

' ' 

Co-integration with unrestricted intercepts and with trend of variables included in the Co-
e •• ·,"'" , ;' •'C • . • • integrating vector of agricultural sector- at 5%. 

' ' ' 

·· , Sample (adjusted): 1972 2008 
. ' 

, , ,, · , Included observations: 37 after adjustments 
,- . -.. -', -~-,,, · -., : •' · , . Trend assumption: Linear detenninistic trend (restricted) 

:>- ' .... ·~ 1 - • , -~, · , , · Series: lnQ lnK lnL 
,, ,• I 

·.··. . · , · , Lags interval (in frrst differences): 1 to 1 
,. .> ',. 

' 

;,· ':.~ .,. ·· .. ·.-.. ·- _ -· · ·. , Unrestricted Co, integration Rank Test (Trace) 
:: ,- _. _ ~ I,._ I ,, 

, 

' > 
~ _, If 

, 
'. 

,. 

~; -·l 1-

' 
'' • ..,. < . 
-~ ., ., 
. -

' 

' ' , 

.. 
. ,, 

: ~ ... .. ~ ,. ~ , . 
. _,,_ ,, 
••• <. 

f 

• 

' , ., ~ 

• 

• 

. :. Hypothesized 
- No. of CE(s) 

_, · None• 
' ·\ 

. .. At most 1 
: ··At most 2 

Eigenvalue 

0.540133 
0.309180 
0.126534 

Trace 
Statistic 

47.43327 
18.69104 
5.005601 

0.05 
Critical Value 

42.91525 
25.87211 
12.51798 

.Trace test indicates 1 cointegrating eqn(s) at the 0.05 level 
• denotes rejection of the hypothesis at the 0.05 level 
••MacKinnon-llaug-Michelis ( 1999) p-values 

Unrestricted Co integration Rank Test (Maximum Eigenvalue) 
' . 
• 

, Hypothesized 
· No. of CE(s) 

None• 
At most 1 

.. At most 2 

Eigenvalue 

0.540133 
0.309180 

.. 0.126534 

Max-Eigen 
Statistic 

28.74223 
13.68544 
5.005601 

0.05 
Critical Value 

25.82321 
19.38704 
12.51798 

Max-eigenvalue test indicates 1 co integrating eqn(s) at the 0.05 level 
• denotes rejection of the hypothesis at the 0.05 level 
••MacKinnon-Haug-Michelis (1999) p-values 

' 

• 

Prob.** 

0.0165 
0.2994 
0.5956 

• 

Prob.** 

0.0201 
0.2759 
0.5956 

• 
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Table B(3) 

Co-integration with unrestricted intercepts and no trend of variables included in the Co
integrating vector of agricultural sector- at J 0%. 

Sample (adjusted): 1972 2008 
Included observations: 3 7 after adjustments 
Trend assumption: Linear deter1ninistic trend 
Series: lnQ lnK lnL 
Lags interval (in first differences): 1 to 1 

Unrestricted Co integration Rank Test (Trace) 

Hypothesized 
No. ofCE(s) 

None• 
At most 1 
At most 2 

Eigenvalue 

0.525408 
0.137727 
9.91E-05 

Trace 
Statistic 

. 33.06252 
5.486444 
0.003667 

0.1 
Critical Value Prob.•• 

27.06695 
13.42878 
2.705545 

0.0203 
0.7552 
0.9506 

I 

·-----~-------------~--~--.~•~. ~-

Trace test indicates 1 co integrating eqn(s) at the 0.1 level 
• denotes rejection of the hypothesis at the 0.1 level 
**MacKinnon-Haug-Michelis (1999) p-values 

Unrestricted Co integration Rank Test (Maximum Eigenvalue) 

Hypothesized 
No. ofCE(s) 

None• 
At most 1 
At most 2 

Eigenvalue 

0.525408 
0.137727 
9.91E-05 

Max-Eigen 
Statistic 

27.57608 
5.482777 
0.003667 

0.1 
Critical Value 

18.89282 
12.29652 
2.705545 

Max-eigenvalue test indicates 1 cointegrating eqn(s) at the 0.1 level 
* denotes rejection of the hypothesis at the 0.1 level 
**MacKinnon-Haug-Michelis (1999) p-yalues 

' 

Prob.** 

0.0054 
0.6801 
0.9506 

• 
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' . ' 
Table B(4) 

(; · ', ~ :· · - : , -: ., · .. -Co-integration with unrestricted intercepts and with trend of variables included in the Co-
·.· ·. ·,, , - ·, , '~- ·, integrating vector of agricultural sector- at 10%. 

•• ! J 

' 
' ' , 

' - -;:. ~-
~ ~.,_ ~ <. - -

• I 

'. · - ,, , - ·. Sample (adjusted): 1972 2008 
' 

:::- -: _, _.. , ,:-,, · ~- Included observations: 3 7 after adjustments 
:" - : : -· ; · · · , · · .. - Trend assumption: Linear detem1inistic trend (restricted) 
; .,. , . • , · Series: lnQ lnK lnL · 
: _ . · · , · , . , , ·.·. . · Lags interval (in first differences): 1 to 1 
.. 
-~ ' • - ... ✓_ " . ... - ~ ~ 

' ' 1.,~_ ~; ~-
~- ! e - +. ' '•· < , - ' ' , 

' 
·~ ~ ~ .... > . - ' 

:>i ,~ 

' Unrestricted Cointegration Rank Test (Trace) 
> .,.. .,---_ ~-.,,. .,_ 
' . ,, ~---.:: ,.,_ ). 

' .,-' .l ... 

,, 
. ' . .. , - . i:-.. , , 

. ' 
', 
.·. ( ~ 
::: -l~ ~-J 
; - ~ ' :,. • ~ t" 
.• . ' >, 

• rt ~ ,<. 

' 

Hypothesized 
-- No. of CE(s) 

., ·None• 
, , At most 1 

, - · · ·· At most 2 

Eigenvalue 

0.540133 
0.309180 
0.126534 

Trace 
Statistic 

' 

47.43327 
18.69104 
5.005601 

0.1 
Critical Value 

39.75526 
23.34234 
10.66637 

' ' 
: ' I ~ . " '.:- ,, .., ... . ~ ~ .. 

.-

' 

Trace test indicates 1 cointegrating eqn(s) at the 0.1 level 
- _ • denotes rejection of the hypothesis at the 0.1 level 

••MacKinnon-Haug-Michelis (1999) p-values . 
' 

::.- 'j 

- ... ... ,. 

"\..~ ~ ~ , 
.,, ' i ~ ~ 1 

~T ~r. ,_ 
~ ,, , __ 

' 
, -

, 

Unrestricted Cointegration Rank Test (Maximum Eigenvalue) 

llypothesized 
No. ofCE(s) 

None• 
At most 1 

· "' · At most 2 

Eigenvalue 

0.540133 
0.309180 
0.126534 

Max-Eigen 
Statistic 

28.74223 
13.68544 
5.005601 

0. 1 
Critical Value 

23.44089 
17.23410 
10.66637 

Prob.•• 

0.0165 
0.2994 
0.5956 

Prob.•• 

0.0201 
0.2759 
0.5956 

• 

- - - . - - - - - . . - - - - . . - - - - . - ~ ' -- - - - - -- - -- ' ·- - - - - --· - ' ' , 

. , 

, 
, 
j ·, -

• 

Max-eigenvalue test indicates 1 cointegrating eqn(s) at the 0.1 level 
• denotes rejection of the hypothesis at the 0.1 level 
••MacKinnon-Haug-Michelis (1999) p-values 

• 

• 

• 
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Table B(5) 

Co-integration with unrestricted intercepts and no trend of variables included in the Co- · 
integrating vector of agricultural sector- at 5%. 

Sample (adjusted): 1972 2008 
Included observations: 37 after adjustments 
Trend assumption: Linear deter111inistic trend 
Series: LNQ LN K lnL 
(LNK-LNL)2 

Lags interval (in frrst differences): 1 to 1 

Unrestricted Cointegration Rank Test (Trace) 

I 

ii I ---~---··"' .............. --== 
Hypothesized 
No. ofCE(s) 

None• 
At most 1 • 
At most 2 

At most 3 • 

Eigenvalue 

0.558645 
0.348370 
0.229095 
0.115059 

= 
Trace 

Statistic 

60.25850 
29.99600 
14.14970 
4.522660 

== 

0.05 
Critical Value 

47.85613 
29.79707 
15.49471 
3.841466 

Trace test indicates 2 cointegrating eqn(s) at the 0.05 level 
• denotes rejection of the hypothesis at the 0.05 level 
••MacKinnon-Haug-Michelis (1999) p .. values 

Unrestricted Co integration Rank Test (Maximum Eigenvalue) 

Hypothesized 
No. of CE(s) 

None• 
At most 1 
At most 2 

At most 3 • 

I "' 

Eigenvalue 

0.558645 
0.348370 
0.229095 
0.115059 

Max-Eigen 
Statistic 

30.26251 
15.84630 
9.627038 
4.522660 

0.05 
Critical Value 

27.58434 
21.13162 
14.26460 
3.841466 

=" LEI 

Max--eigenvalue test indicates 1 cointegrating eqn(s) at the 0.05 level 
• denotes rejection of the hypothesis at the 0.05 level 
••MacKinnon-Haug-Michelis (1999) p-values 

Prob.•• 

0.0023 
0.0474 
0.0789 
0.0334 

== 

Prob.•• 

0.0221 
0.2340 
0.2376 
0.0334 
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Table B(6) 

Co,-integration with wirestricted intercepts and with trend of variables included in the Co-
- integrating vector of agricultural sector- at 5%. 

Serles: LNQ LNK LNL (LNK-LNL)2 

• 

Sample (adjusted): 1972 2008 
Included observations: 37 after adjustments 
Trend assumption: Linear deterministic trend (restricted) 

✓ 

Lags interval (in first differences): 1 to 1 
' -~; ,:,. {- ....- ¥~ ",.. "' ~-

,._.. ~ w ~ - -

Unrestricted Cointegration Rank Test (Trace) 

1 Hypothesized 
No. ofCE(s) 

None• 
·- , ,, ,: At most 1 
( , , At most 2 · , 
- ,- At most 3 

Eigenvalue 

,0.569825 
. 0.397078 

0.272162 
0.192944 

Trace 
Statistic 

69.61803 
38.40622 
19.68541 
7.931385 

0.05 
Critical Value 

63.87610 
42.91525 
25.87211 
12.51798 

Trace test indicates 1 cointegrating eqn(s) at the 0.05 level 
, ~ denotes rejection of the hypothesis at the 0.05 level 

Prob.•• 

0.0152 
0.1314 
0.2423 
0.2573 

' 
,, 

- ~ -· 
:.• - ~ -~ , _ ••MacKinnon-Haug-Michelis (1999) p-values 

' 

, 

' 

Unrestricted Cointegration Rank Test (Maximum Eigenvalue) 

Hypothesized 
No. ofCE(s) 

None 
At most 1 
At most2 
At most 3 

Eigenvalue 

0.569825 
0.397078 
0.272162 
0.192944 

Max-Eigen 
Statistic 

31.21182 
18.72081 
11.75402 
7.931385 

0.05 
Critical Value 

32.11832 
25.82321 
19.38704 
12.51798 

Prob .. •• 

0.0642 
0.3244 
0.4384 
0.2573 

. - . - - . - - - - . - - -- - - - '~ ' - - -- --

Max-eigenvalue test indicates no cointegration at the 0.05 level 
• denotes rejection of the hypothesis at the 0.05 level 
• •MacKinnon-Haug-Michelis ( 1999) p-values 

• 

f 

, 

• 
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Table B(7) 
• 

Co-integration with unrestricted intercepts and no trend of variables included in the Co
integrating vector of agricultural sector- at J 0%. 

Serles: LNQ LNK LNL (LNK-LNL)1 

Sample (adjusted): 1972 2008 
Included observations: 3 7 after adjustments 
Trend assumption: Linear deterministic trend 

Lags interval (in first differences): 1 to 1 

Unrestricted Cointegration Rank Test (Trace) 

Hypothesized 
No. of CE(s) 

None• 
At most 1 • 
At most2 • 
Atmost3 • 

Eigenvalue 

0.558645 
0.348370 
0.229095 
0.115059 

Trace 
Statistic 

60.25850 
29.99600 
14.14970 
4.522660 

• 

0.1 
Critical Value 

44.49359 
27.06695. 
13.42878 
2.705545 

Trace test indicates 4 cointegrating eqn(s) at the 0.1 level 
• denotes rejection of the hypothesis at the 0.1 level 
• *MacKinnon-Haug-Michelis ( 1999) p-values 

Unrestricted Co integration Rank Test (Maximum Eigenvalue) 

Hypothesized 
No. ofCE(s) 

None• 
At most 1 
At most 2 

At most3 • 

Eigenvalue 

0.558645 
0.348370 
0.229095 
0.115059 

Max-Eigen 
Statistic 

30.26251 
15.84630 
9.627038 
4.522660 

0.1 
Critical Value 

25.12408 
18.89282 
12.29652 
2.705545 

Max-eigenvalue test indicates 1 cointegrating eqn(s) at the 0.1 Jevel 
• denotes rejection of the hypothesis at the 0.1 level 
••MacKinnon-Haug-Michelis (1999) p-values 

.... 

• 

Prob.•• 

0.0023 
0.0474 
0.0789 
0.0334 

Prob.•• 

0.0221 
0.2340 
0.2376 
0.0334 

• 

• 
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' Table.B(8) 
' ' . • 

' ' . 

'., • _··: • , " ·, • •. -· : • • c• ._, '. • Co-integration with unrestricted intercepts and with trend of variables included in the Co-
,: . -- , : -· · • · ·· · - · · . integrating vector of agricultural sector- at 10%. 

< 1 ..,._. l ;, ( 

' ' ' 
I lv,<~~ 

. ' 

' . 
. · _ Serles: LNQ LNK LNL (LNK-LNL)2 

, ' 

' 
' 

' . \ • • 

' . .. 
~ ~ ,., '" jh 

' 

• • 

.·"-, .- ~ · ·.. ·-~--.-- : · _ ~ __ · Sample (adjusted): 1972 2008 
:: ·. , · - --- . .· · Included observations: 37 after adjustments 

' . 

' 

' ' ,, 
; 

' 

' . 

• 

~ - ~ 

' 
\ 

·~· ~ ,._ ~., > ~ ,-·~ } I ,) .._ •• < 
'."-, ,,. .,_.. 1 .- ~ 

' > I ~- "'~,--,' 
I • ~ ~ ·-

• • 

. 
. . 

. 

. : "' ,.. ... ~ 
' - } _... ~ 

', ,,... ' ! 

' 

.; J 

Trend assumption: Linear deterministic trend (restricted) 

__ Lags interval (in first differences): 1 to 1 
' ,. ~ 

·- Unrestricted Co integration Rank Test (Trace) 
> 

· · Hypothesized 
, 

·No. ofCE(s) Eigenvalue 
Trace 

Statistic 
0.1 

Critical Value 
-. ,- ._-. ~ N • ·- · - --- one 

' 

At most 1 
At most 2 
Atmost3 

O.S6982S 
0.397078 
0.272162 
0.192944 

69.61803 
38.40622 
19.68S41 
7.93138S 

60.08629 
39.1S526 
23.34234 
10.66637 

Trace test indicates 1 cointegrating eqn(s) at the 0.1 level 
, • denotes rejection of the hypothesis at the 0.1 level 

.•-~MacKinnon-Haug-Michelis ( 1999) p-values 
., .., ;,. 

--· Unrestricted Cointegration Rank Test (Maximum Eigenvalue) 

· ·· Hypothesized 
No, ofCE(s) Eigenvalue 

Max-Eigen 
Statistic 

0.1 
Critical Value 

None• 
At most 1 
Atmost2 
At most 3 

O.S6982S 
0.397078 
0.272162 
0.192944 

31.21182 
18.72081 
11.7S402 
7.931385 

29.S4003 
23.44089 
17.23410 
10.66637 

Max-eigenvalue test indicates 1 cointegrating eqn(s) at the 0.1 level 
• denotes rejection of the hypothesis at the 0.1 level 
••MacKinnon-Haug-Michelis (1999) p-values 

t 

' 

Prob.•• · 

0.01S2 
0.1314 
0.2423 
0.2573 

Prob.•• 

0.0642 
0.3244 
0.4384 
0.2573 
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Table B(9) 

Co-integration with unrestricted intercepts and no trend of variables included in the Co
integrating vector of agricultural sector- at 5% . 

Series:LN(QIL) LN(KIL) (LN(KIL))1 

Sample ( adjusted): 1972 2008 
Included observations: 37 after adjustments 
Trend assumption: Linear deter1ninistic trend 

Lags interval (in first differences): 1 to 1 

Unrestricted Co integration Rank Test (Trace) 

• 

0.05 Hypothesized 
No. of CE(s) Eigenvalue 

Trace 
Statistic Critical Value Prob.•• 

None 
At most 1 
Atmost2 

0.384941 
0.222072 
0.058008 

29.48598 
l 1.50258 
2.211078 

Trace test indicates no cointegration at the 0.05 level 
• denotes rejection of the hypothesis at the 0.05 level 
••MacKinnon-Haug-Michelis (1999) p-values 

• 
29.79707 
15.49471 
3.841466 

Unrestricted Co integration Rank Test (Maximum Eigenvalue) 

Hypothesized 
No. ofCE(s) 

None 
At most 1 
At most2 

Eigenvalue 

0.384941 
0.222072 
0.058008 
------ ------- - --

Max-Eigen 
Statistic 

17.98340 
9.291506 
2.211078 

0.05 
Critical Value 

21.13162 
14.26460 
3.841466 

Max-eigenvalue test indicates no cointegration at the 0.05 level 
• denotes rejection of the hypothesis at the 0.05 level 
• *MacKinnon-Haug-Michelis ( 1999) p-values 

• 

..... 

0.0543 
0.1824 
0.1370 

Prob.•• 

0.1305 
0.2627 
0.1370 

• 

• 

• 
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Table B(JO) 

· Co-integration with unrestricted intercepts and with trend of variables included in the Co-
. integrating vector of agricultural sector- at 5%. 

•... Serles:LN{QIL) LN(KIL) (LN(KIL))' 

•·'.Sample (adjusted): 1972 2008 
· Included observations: 37 after adjustments 

Trend assumption: Linear deterministic trend (restricted) 

· .Lags interval (in first differences): 1 to 1 

Unrestricted Cointegration Rank Test (Trace) 

Hypothesized Trace 0.05 
No. ofCE(s) Eigenvalue Statistic Critical Value 

None• 0.440565 43.41067 42.91525 
At most 1 0.316071 21.92002 25.87211 
Atmost2 0.191465 7.863674 12.51798 

Trace test indicates 1 cointegrating eqn(s) at the 0.05 level 
• denotes rejection of the hypothesis at the 0.05 level 
.. MacKinnon-Haug-Michelis (1999) p-values 

Unrestricted Cointegration Rank Test (Maximum Eigenvalue) 

Hypothesized Max-Eigen 0.05 
No. ofCE(s) Eigenvalue Statistic Critical Value 

None 0.440565 21.49064 25.82321 
At most 1 0.316071 14.05635 19.38704 
Atmost2 0.191465 7.863674 12.51798 

Max-eigenvalue test indicates no cointegration at the 0.05 level 
• denotes rejection of the hypothesis at the 0.05 level 
••MacKinnon-Haug-Michelis (1999) p-values 

Prob.•• 

0.0446 
0.1436 
0.2630 

Prob.•• 

0.1686 
0.2504 
0.2630 
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Table B(ll) 

Co-integration with unrestricted intercepts and no trend of vari~bles included in the Co
integrating vector of agricultural sector- at J 0%. 

Series:LN(Q/L) 

ATJO% 

LN(KIL) 

Sample (adjusted): 1972 2008 

(LN(KIL))2 

Included observations: 3 7 after adjustments 
Trend assumption: Linear dete11ninistic trend 

Lags interval (in frrst differences): 1 to 1 

Unrestricted Cointegration Rank Test (Trace) 

Hypothesized 
No. of CE(s) 

None• 
At most 1 
At most2 

Eigenvalue 

0.384941 
0.222072 
0.058008 

Trace 
Statistic 

29.48598 
11.50258 
2.211078 

0.1 
Critical Value 

27.06695 
13.42878 
2.705545 

Trace test indicates 1 cointegrating eqn(s) at the 0.1 level 
• denotes rejection of the hypothesis at the 0.1 level 
••MacKinnon-Haug-Michelis (1999) p-values 

Unrestricted Co integration Rank Test (Maximum Eigenvalue) 
-----

Hypothesized 
No. ofCE(s) 

None 
At most 1 
Atmost2 

1111:11111 ----- " ··--- . - -- . 

Eigenvalue 

0.384941 
0.222072 
0.058008 

Max-Eigen 
Statistic 

17.98340 
9.291506 
2.211078 

0.1 
Critical Value 

18.89282 
12.29652 
2.705545 

Max-eigenvalue test indicates no cointegration at the 0.1 level 
• denotes rejection of the hypothesis at the 0.1 level 
• *MacKinnon•Haug-Michelis ( 1999) p-values 

4 ; ======= ;;; y; an± 1 t ~-~--------.-.~· ........,....,.~ - --

• 

Prob .. •• 

0.0543 
0.1824 
0. 1370 

Prob.** 

0.1305 
0.2627 
0.1370 

• 

• 

• 

• 
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Table B(12) 

Co-integration with unrestricted intercepts and with trend of variables included in the Co
integrating vector of agricultural sector- at 10%. 

· Serles:LN(Q/L) LN(KIL) (LN(KIL))' 

· ~ · Sample (adjusted): 1972 2008 
Included observations: 37 after adjustments 
Trend assumption: Linear deterministic trend (restricted) 

Lags interval (in first differences): 1 to 1 

· Unrestricted Cointegration Rank Test (Trace) 

Hypothesized Trace 0.1 
No. ofCE(s) Eigenvalue Statistic Critical Value 

None• · 0.440565 43.41067 39.75526 
At most 1 0.316071 21.92002 23.34234 
Atmost2 0.191465 7.863674 10.66637 

Trace test indicates 1 co integrating eqn(s) at the 0.1 level 
• denotes rejection of the hypothesis at the 0.1 level 
.. MacKinnon-Haug-Michelis (1999) p-values 

Unrestricted Cointegration Rank Test (Maximum Eigenvalue) 

Hypothesized Max-Eigen 0.1 
No. ofCE{s) Eigenvalue Statistic Critical Value 

None 0.440565 21.49064 23.44089 
At most 1 0.316071 14.05635 17.23410 
Atmost2 0.191465 7.863674 10.66637 

Max-eigenvalue test indicates no cointegration at the 0.1 level 
• denotes rejection of the hypothesis at the 0.1 level 
••MacKinnon-Haug-Michelis {1999) p-values 

Prob ... 

0.0446 
0.1436 
0.2630 

Prob ... 

0.1686 
0.2504 
0.2630 
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Table B(13) 

Co-integration with unrestricted intercepts and no trend of variables included in the Co
integrating vector of agricultural sector- at 5%. 

Series: LN(Q/L) LN(KIL) 

Sample (adjusted): 1972 2008 
Included observations: 37 afte~ adjustments 
Trend assumption: Linear deterministic trend 

Lags interval (in frrst differences): 1 to 1 

Unrestricted Cointegration Rank Test (Trace) 

' 0.05 • Hypothesized 
No. ofCE(s) Eigenvalue 

Trace 
Statistic Critical Value Prob.•• 

None 
At most 1 

0.096856 
0.004197 

3.924942 
0.155624 

15.49471 
3.841466 

Trace test indicates no cointegration at the 0.05 level , 
• denotes rejection of the hypothesis at the 0.05 level 
• •MacKinnon-Haug-Michelis ( 1999) p-values . 

Unrestricted Cointegration Rank Test (Maximum Eigenvalue) 

0.05 

0.9095 
0.6932 

. Hypothesized 
No. ofCE(s) Eigenvalue 

Max-Eigen 
Statistic Critical Value Prob.•• 

I I 

None 
At most 1 

0.096856 . 
0.004197 

= a 

3.769317 
0.155624 

14.26460 
3.841466 

Max-eigenvalue test indicates no cointegration at the 0.05 level 
• denotes rejection of the hypothesis at the 0.05 level 
••MacKinnon-Haug-Michelis (1999) p-values 

• 

... 
' 

0.8828 
0.6932 

• 

• 

• 
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Table B(l4) 

Co-integration with unrestricted intercepts and with trend of variables included in the Co-
. · integrating vector of agricultural sector- at 5%. 

Serles: LN(QIL) LN(KIL) 

Sample (adjusted): 1972 2008 
Included observations: 37 after adjustments 
p~nd assumption: Linear deterministic trend (restricted) 

Lags interval (in first differences): 1 to 1 

Unrestricted Cointegration Rank Test (Trace) 

· • Hypothesized Trace 
No. ofCE(s) Eigenvalue Statistic 

··. None 0.294080 16.02623 
"'•,· At most 1 · 0.081385 3.140847 

Trace test indicates no cointegration at the 0.05 level 
• denotes rejection of the hypothesis at the 0.05 level 
••MacKi_nnon-Haug-Michelis (1999) p-values 

0.05 
Critical Value 

25.87211 
12.51798 

Unrestricted Cointegration Rank Test (Maximum Eigenvalue) 

Hypothesized 
'· No. ofCE(s) 

None 
· At most 1 

Eigenvalue 

0.294080 
0.081385 

Max-Eigen 
Statistic 

12.88538 
3.140847 

0.05 
Critical Value 

19.38704 
12.51798 

Max-eigenvalue test indicates no cointegration at th~ 0.05 level 
• denotes rejection of the hypothesis at the 0.05 level 
.. MacKinnon-Haug-Michelis (1999) p-values 

r 

Prob.•• 

0.4905 
0.8594 

Prob.•• 

0.3374 
0.8594 
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Table B(l5) 

Co-integration with unrestricted intercepts and no trend of variables included in the Co
integrating vector of agricultural sector- at J 0%. 

Serles:LN(Q/L) LN(KIL) 

Sample (adjusted): 1972 2008 
Included observations: 37 after adjustments 
Trend assumption: Linear deterministic trend 

Lags interval (in first differences): 1 to 1 

Unrestricted Cointegration Rank Test (Trace) 

Hypothesized 
No. ofCE(s) 

None 
At most 1 

Eigenvalue 

0.096856 
0.004197 

Trace 
Statistic 

3.924942 
0.155624 

Trace test indicates no cointegration at the 0.1 level 
• denotes rejection of the hypothesis at the 0.1 level 
**MacKinnon-Haug-Michelis (1999) p-values 

0.1 
Critical Value 

13.42878 
2.705545 

Unrestricted Cointegration Rank Test (Maximum Eigenvalue) 

Hypothesized 
No. ofCE(s) 

None 
At'most 1 

Eigenvalue 

0.096856 
0.004197 

Max-Eigen 
Statistic 

3.769317 
0.155624 

0.1 
Critical Value 

12.29652 
2.705545 

Max-eigenvalue test indicates no cointegration at the 0.1 level 
• denotes rejection of the hypothesis at the 0.1 level 
••MacKinnon-Haug-Michelis (1999) p-values 

Prob.** 

0.9095 
0.6932 

Prob.** 

0.8828 
0.6932 
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Table B(/6) 
• 

· : .. ·· · ..... -·" . Co-integration with unrestricted intercepts and with trend of variables included in the Co-
.. . · ._,, . · · ,- · · · integrating vector of agricultural sector- at 10%. 

·, " 
;. ,. ~ ~ 

• l ~ ~ r :-- t ,~ ...,, I 

:, __ :··, : .. :. _·,,. ·. Serles:LN(QIL) 
·. ,. .,. ..., -... 
. ~ --. ~ , -,,. ' ~ 

LN(KIL) 
' ' ' •. 
•f -~ ,... ~ 

·i ~ ~ 

· · _ 
1
_. · • • ·, • Sample (adjusted): 1972 2008 

: . · -, - · ;· · Included observations: 37 after adjustments 
-·• - , -

: -: : ... , , · _ · -~· Trend assumption: Linear detenninistic trend (restricted) 
~ ,. <' 

' , 

. . ' .. 
" Lags interval (in f rrst differences): 1 to 1 

.. 
, , ' ~. _,,. , ~ 

-:, ~ ,.. , , 

' , 

.··,- , _ : _: , Unrestricted Cointegration Rank Test (Trace) 
' -

~'. ,.. 
. ' . ., ,. 

~: · .. - . : · ·_ .+. -_ .• ··. ·:. H)'pothesized , 0.1 
·, · No. of CE(s) Eigenvalue 

Trace 
Statistic Critical Value Prob.•• 

' ' 

. .. . ... 

. ,; r ,..,... ~, ,. 
=.i· ~· ~ ,, 
. -

. ' 

. ; 

•: l 

< •v -" , . . . . . 
, 

. 
' ; _; 

.. , ~ 

{ ~ 

' ' 

\ 

I 

None 
At most 1 

' 

0.294080 
0.081385 

· 16.02623 
3.140847 

Trace test indicates no cointegration at the 0.1 level 
• denotes rejection of the hypothesis at the 0.1 level 
••MacKinnon-Haug-Michelis ( 1999) p-values 

23.34234 
10.66637 

· Unrestricted Cointegration Rank Test (Maximum Eigenvalue) 

0.1 

0.4905 
0.8594 

Hypothesized 
No. of CE(s) Eigenvalue 

Max-Eigen 
Statistic Critical Value Prob.•• 

None 
At most 1 

0.294080 
0.081385 

12.88538 
3.140847 

17.23410 
10.66637 

Max-eigenvalue test indicates no cointegration at the 0.1 level 
• denotes rejection of the hypothesis at the 0.1 level 
• •MacKinnon-Haug-Michelis ( 1999) p-values 

• 

• 

• 

0.3374 
0.8594 

, 

279 



. 

' 

Table B(l7) 

Co-integration with unrestricted intercepts and no trend of variables included in the Co
integrating vector of manufacturing sector- at 5%. 

Sample (adjusted): 1972 2008 
Included observations: 37 after adjustments 

Series: LNQ LNK LNL 
Lags interval (in first differences): 1 to 1 

Unrestricted Co integration Rank Test (Trace) 

Hypothesized 
No. of CE(s) 

None• 
At most 1 
At most2 

Eigenvalue 

0.542776 
0.136413 
0.093215 

Trace 
Statistic 

38.00236 
9.046852 
3.620430 

0.05 
Critical Value 

29.79707 
15.49471 
3.841466 

Trace test indicates 1 co integrating eqn(s) at the 0.05 level 
• denotes rejection of the hypothesis at the 0.05 level 
• •MacKinnon-Haug-Michelis ( 1999) p-values 

Unrestricted Cointegration Rank Test (Maximum Eigenvalue) 

Hypothesized 
No. of CE(s) 

None• 
At most 1 
At most2 

Eigenvalue 

0.542776 
0.136413 
0.093215 

Max-Eigen 
Statistic 

28.95551 
5.426423 
3.620430 

0.05 
Critical Value 

21.13162 
14.26460 
3.841466 

Max-eigenvalue test indicates 1 cointegrating eqn(s) at the 0.05 level 
• denotes rejection of the hypothesis at the 0.05 level· 
• •MacKinnon-Haug-Michelis (1999) p-values 

Prob.•• 

0.0046 
0.3611 
0.0571 

Prob.•• 

0.0032 
0.6873 
0.0571 

" a 

,. 
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Table B(JB) 

Co-integration with unrestricted intercepts and with trend of variables included in the Co
integrating vector of manufacturing sector- at 5%. 

Sample (adjusted): 1972 2008 
, , Included observations: 37 after adjustments 

Trend assumption: Linear deterministic trend (restricted) 
Series: LNQ LNK LNL 
Lags interval (in first differences): 1 to 1 

Unrestricted Co integration Rank Test (Trace) 

Hypothesized Trace 0.05 
No. ofCE(s) Eigenvalue Statistic Critical Value 

None•,. 0.546929 45.08577 42.91525 
At most 1 0.247809 15.79263 25.87211 
At most2 0.132433 5.256316 12.51798 

Trace test indicates 1 co integrating eqn(s) at the 0.05 level 
• denotes rejection of the hypothesis at the 0.05 level 
**MacKinnon-Haug-Michelis (1999) p-values 

Unrestricted Co integration Rank Test (Maximum Eigenvalue) 

Hypothesized Max-Eigen 0.05 
· No. ofCE(s) Eigenvalue Statistic Critical Value 

None• 0.546929 29.29314 25.82321 
At most 1 0.247809 10.53631 19.38704 
Atmost2 0.132433 5.256316 12.51798 

Max-eigenvalue test indicates 1 cointegrating eqn(s) at the 0.05 level 
• denotes rejection of the hypothesis at the 0.05 level 
**MacKinnon-Haug-Michelis (1999) p-values 

Prob.** 

0.0298 
0.5093 
0.5600 

Prob.** 

0.0167 
0.5617 
0.5600 
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Table B(J9) 

Co-integration with unrestricted intercepts and no trend of variables included in the Co
integrating vector of manufacturing sector- at J 0%. 

Sample (adjusted): 1972 2008 
Included observations: 37 after adjustments 
Trend assumption: Linear deterministic trend 
Series: LNQ LNK LNL 
Lags interval (in first differences): 1 to 1 

Unrestricted Cointegration Rank Test (Trace) 

Hypothesized Trace 
No. ofCE(s) Eigenvalue Statistic 

None• 0.542776 38.00236 
At most 1 0.136413 9.046852 
Atmost2 • 0.093215 3.620430 

0.1 
Critical Value 

27.06695 
13.42878 
2.705545 

Trace test indicates 1 cointegrating eqn(s) at the 0.1 level 
• denotes rejection of the hypothesis at the 0.1 level 
• *MacKinnon-Haug-Michelis (1999) p-values 

Unrestricted Cointegration Rank Test (Maximum Eigenvalue) 

Hypothesized Max-Eigen 0.1 
No. ofCE(s) Eigenvalue Statistic Critical Value 

None• 0.542776 28.95551 18.89282 
At most 1 0.136413 5.426423 12.29652 
Atmost2 • 0.093215 3.620430 2.705545 

Max-eigenvalue test indicates 1 cointegrating eqn(s) at the 0.1 level 
• denotes rejection of the hypothesis at the 0.1 level 
**MacKinnon-Haug-Michelis (1999) p-values 

Prob.** 

0.0046 
0.3611 
0.0571 

Prob.** 

0.0032 
0.6873 
0.0571 
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Table B(20) 
, 

\' ,-:; .. ' · -. . • :.: : · -.-~ _· -- .. Co-intei,ation with unrestricted intercepts and with trend of variables included in the Co-
:;·· - .·::_ ·, · ~, - , -· -· integrating vector of manufacturing sector- at 10%. 
·_: ~ ... 1 ' .) ' "" 

' . 

, ' 

· ;- Sample (adjusted): 1972 2008 
· , . · ~ . , Included observations: 37 after adjustments 

-
.:: ~1-- ~ _,,. : .· · , , _- · Trend assumption: Linear deterministic trend (restricted) 
~; ~ · , - , Series: LNQ LNK LNL 

·, · '. Lags interval (in frrst differences): 1 to 1 
.. 
. . 

' ·' 

' . ,_ ,... ~ 

. :-· _. · , _, . · -. · _ Unrestricted Co integration Rank Test (Trace) 
•r • • ~ 

:, <., •.• 

• 
· A ~ I 

~- ~ ~ -~, ·,_ ··.: -,~,:--' ·· -Hypothesized 
:··, · ·. · · No. ofCE(s) Eigenvalue 

Trace 
Statistic 

0.1 
Critical Value Prob .. •• 

. . ., ... --- . ---- ... -- ., ..... ------ ----- ' . ----------~ --~----- ----- -- ~ -~-- _ __,_ _____ ,.' .. , ,-------~--------

, 

, -~ ~ .., > ~ 

r-:-- ~i -~ 
· _t I 

: ' 
' ' 

. ' 

... '1 

···-
_;. ... 
-'·. } 

•'J 

• . -~ -.! ~ ..; 1, I 
'. ... .-( t' 

. _ -~ ~f' 

' ' -. -·, ' . .-·. . -. ,. 
" ,, 
' ·• 1...-

• 

i' t ~~~ 

.,_ .., -~-· - • 

,, 

' 

• 

0.546929 
0.247809 
0.132433 

45.08577 
15.79263 
5.256316 

39.75526 
23.34234 
10.66637 

Trace test indicates 1 co integrating eqn(s) at the 0.1 level 
• denotes rejection of the hypothesis at the 0.1 level 
••MacKinnon-Haug-Michelis (1999) p-values 

Unrestricted Co integration Rank Test (Maximum Eigenvalue) 

Hypothesized 
No. of CE(s) Eigenvalue 

Max-Eigen 
Statistic 

0.1 
Critical Value 

0.0298 
0.5093 
0.5600 

• 

Prob.•• 

, 

. - . ' . ~-- . -- ----·- ---~-~ . .., ________ - .. --··· -------·-- _ . ., ---, -------- - . -- ----------· -·. ------ ------

None• 0.546929 29.29314 23.44089 
At most 1 0.247809 10.53631 17,23410 
Atmost2 0.132433 5.256316 10.66637 

Max-eigenvalue test indicates 1 co integrating eqn(s) at the 0.1 level 
• denotes rejection of the hypothesis at the 0.1 level 
••MacKinnon-Haug-Michelis (1999) p-values 

0.0167 
0.5617 
0.5600 

. -- . - - - ___ , ------··· -- -----. ·-· -,-·------ ------ - ------- ----·--------- ·-- ···-----

• ' 

• 

• 

• 

' 

, 

283 

• 

• 



Table B(21) 

Co-integration with unrestricted intercepts and no trend of variables included in the Co ... 
integrating vector of manufacturing sector- at 5%. 

Serles: LNQ LNK LNL (LNK-LNL)2 

• 

Sample (adjusted): 1972 2008 
Included observations: 37 after adjustments 
Trend assumption: Linear detenninistic trend 

Lags interval (in first differences): 1 to 1 

Unrestricted Co integration Rank Test (Trace) 

Hypothesized 
No. of CE(s) 

None• 
At most 1 
At most2 
At most3 

Eigenvalue 

0.636482 
0.253907 
0.192761 
0.067064 

Trace 
Statistic 

58.77021 
21.32898 
10.49148 
2.568479 

0.05 
Critical Value 

47.85613 
29.79707 
15.49471 
3.841466 

' 

Trace test indicates 1 co integrating eqn(s) at the 0.05 level 
• denotes rejection of the hypothesis at the 0.05 level 
••MacKinnon-Haug-Michelis ( 1999) p-values 

• 

• 

., .. 

• 

Prob.•• 

0.0034 
· 0.3374 
0.2448 
0.1090 

• 

• 
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Table B(22) 

Co-integration with unrestricted intercepts and with trend of variables included in the Co
integrating vector of manufacturing sector- at 5%. 

•. Serles: LNQ LNK LNL (LNK-LNL)2 

Sample (adjusted): 1972 2008 
Included observations: 37 after adjustments 
Trend assumption: Linear detenninistic trend (restricted) 

Lags interval (in first differences): 1 to 1 

Unrestricted Co integration Rank Test (Trace) 

Hypothesized Trace 0.05 
No. ofCE(s) Eigenvalue Statistic Critical Value 

None• 0.638238 72.48230 63.87610 
At most 1 0.375170 34.86188 42.91525 
Atmost2 0.245544 17.46168 25.87211 
Atmost3 0.173189 7.036610 12.51798 

Trace test indicates 1 co integrating eqn(s) at the 0.05 level 
. • denotes rejection of the hypothesis at the 0.05 level 
. UMacKinnon-Haug-Michelis (1999) p-values 

Unrestricted Co integration Rank Test (Maximum Eigenvalue) 

Hypothesized Max-Eigen 0.05 
No. ofCE(s) Eigenvalue Statistic Critical Value 

None• 0.638238 37.62042 32.11832 
At most 1 0.375170 17.40020 25.82321 
Atmost2 0.245544 10.42506 19.38704 
At most 3 0.173189 7.036610 12.51798 

Max-eigenvalue test indicates 1 co integrating eqn(s) at the 0.05 level 
• denotes rejection of the hypothesis at the 0.05 level 
UMacKinnon-Haug-Michelis (1999) p-values 

Prob.•• 

0.0079 
0.2508 
0.3813 
0.3407 

Prob.•• 

0.0096 
0.4246 
0.5735 
0.3407 
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Table B(23) 

Co-integration with unrestricted intercepts and no trend of variables included in the Co
integrating vector of manufacturing sector- at J 0%. 

Serles:LNQ LNK LNL (LNK-LNL)2 

Sample (adjusted): 1972 2008 
Included observations: 37 after adjustments 
Trend assumption: Linear deterministic trend 

Lags interval (in first differences): 1 to 1 

Unrestricted Co integration Rank Test (Trace) 

Hypothesized Trace 
No. ofCE(s) Eigenvalue Statistic 

None• 0.636482 58.77021 
At most 1 0.253907 21.32898 
At most2 0.192761 10.49148 
At most3 0.067064 2.568479 

0.1 
Critical Value 

44.49359 
27.06695 
13.42878 
2.705545 

Trace test indicates 1 co integrating eqn(s) at the 0.1 level 
• denotes rejection of the hypothesis at the 0.1 level 
uMacKinnon-Haug-Michelis (1999) p-values 

Unrestricted Cointegration Rank Test (Maximum Eigenvalue) 

Hypothesized Max-Eigen 0.1 
No. ofCE(s) Eigenvalue Statistic Critical Value 

None• 0.636482 37.44123 25.12408 
At most 1 0.253907 10.83751 18.89282 
At most2 0.192761 7.922998 12.29652 
Atmost3 0.067064 2.568479 . 2.705545 

Max-eigenvalue test indicates 1 co integrating eqn(s) at the 0.1 level 
• denotes rejection of the hypothesis at the 0.1 level 
uMacKinnon-Haug-Michelis (1999) p-values 

Prob ... 

0.0034 
0.3374 
0.2448 
0.1090 

Prob ... 

0.0020 
0.6635 
0.3866 
0.1090 
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Table B(24) 

·. Co-integration with unrestricted intercepts and with trend of variables included in the Co
integrating vector of manufacturing sector- at 10%. 

· Serles: LNQ LNK LNL (LNK-LNL)2 

Sample (adjusted): 1972 2008 
Included observations: 37 after adjustments 
Trend assumption: Linear deterministic trend (restricted) 

Lags interval (in first differences): 1 to 1 

Unrestricted Co integration Rank Test (Trace) 

. Hypothesized Trace 0.1 
No. ofCE(s) Eigenvalue Statistic Critical Value 

None• 0.638238 72.48230 60.08629 
At most 1 0.375170 34.86188 39.75526 
Atmost2 0.245544 17.46168 23.34234 
At most 3 0.173189 7.036610 10.66637 

Trace test indicates 1 co integrating eqn(s) at the 0.1 level 
• denotes rejection of the hypothesis at the 0.1 level 
UMacKinnon-Haug-Michelis (1999) p-values 

Unrestricted Co integration Rank Test (Maximum Eigenvalue) 

Hypothesized Max-Eigen 0.1 
No. ofCE(s) Eigenvalue Statistic Critical Value 

None• 0.638238 37.62042 29.54003 
At most 1 0.375170 17.40020 23.44089 
Atmost2 0.245544 10.42506 17.23410 
At most 3 0.173189 7.036610 10.66637 

Max-eigenvalue test indicates 1 cointegrating eqn(s) at the 0.1 level 
• denotes rejection of the hypothesis at the 0.1 level 
UMac~innon-Haug-Michelis (1999) p-values 

Prob.•• 

0.0079 
0.2508 
0.3813 
0.3407 

Prob.•• 

0.0096 
0.4246 
0.5735 
0.3407 
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Table B(25) 

Co-integration with unrestricted intercepts and no trend of variables included in the Co
integrating vector of manufacturing·sector- at 5%. 

Series: LN(QIL) LN(KIL) (LN(KIL)2 

Sample (adjusted): 1972 2008 
Included observations: 37 after adjustments 
Trend assumption: Linear deterministic trend 

Lags interval (in first differences): 1 to 1 

Unrestricted Cointegration Rank Test (Trace) 

Hypothesized Trace 
No. ofCE(s) Eigenvalue Statistic 

None• 0.446305 33.68486 
At.most 1 0.218430 11.81264 
At most 2 0.070222 2.693966 

Trace test indicates 1 cointegrating eqn(s) at the 0.05 level 
• denotes rejection of the hypothesis at the 0.05 level 
UMacKinnon-Haug-Michelis (1999) p-values 

0.05 
Critical Value 

29.79707 
15.49471 
3.841466 

Unrestricted Cointegration Rank Test (Maximum Eigenvalue) 

Hypothesized Max-Eigen 0.05 
No. ofCE(s) Eigenvalue Statistic Critical Value 

None• 0.446305 21.87222 21.13162 
At most 1 0.218430 9.118675 14.26460 
At most 2 0.070222 2.693966 3.841466 

Max-eigenvalue test indicates 1 cointegrating eqn(s) at the 0.05 level 
• denotes rejection of the hypothesis at the 0.05 level 
UMacKinnon-Haug-Michelis (1999) p-values 

Prob.•• 

0.0170 
0.1661 
0.1007 

Prob.•• 

0.0393 
0.2764 
0.1007 
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Table B(26) 
' • u . 

T [ .. , ~ ~•-... -t-
' ' ., > 'l" ',: "' .'(";,_J·,i" ~~-~~ ,·...._ ' 

""<· ~ ...,., .... .,.-~, ,,..... ~ < •, /,, ,, 1 ..,,_ ~ ~- ,, .,_,. ·~ 4 ~t .,_, .,..~- i 

· '-. : ,- · . - , :_ -, , · Co-integration with unrestricted intercepts and with trend of variables included in the Co-
. . . ·, · --· · integrating vector of manufacturing sector- at 5%. 

" ' •' 

(LN(KIL)1 

' 

' 
-•~( ~ ;__ 'i-- .!" 

~ . ~ "-..", 'i T .__ _,. • ,,,_ ~ 

r ,•~--."§~••,,, ~ 
• 

-,> - 1~v. W:• • -~ - , "' -,-., ~"'\. ~ 
; •- ••~ r "t . 

, '. , Sample (adjusted): 1972 2008 
' ' 

: I 

' 1 ', 

\ 

< 

< 

' 

. . 
;,. ~ ! ' . ;· ~ 

·' . , 
~; ..._--

' ' 
. ,. 

• I 

, 
, . 

.,I VT 't . '· ~ I ;, -., - ,~,-~ -~ 
-~~ ~ ~ ~ '( ,, 
·~ ~ ~ 

• 

·, 

• 

, ,· __ ·- Included observations: 37 after adjustments 
. , ,. , Trend assumption: Linear detern1inistic trend (restricted) 

, 
• 
" 

. 

Unrestricted Cointegration Rank Test (Trace) 

' 
: . llypothesized 
' 

, ~.,No. ofCE(s) 
, . 

'< ~ • .,. 

. . . None• 
4 : At most 1 • 

~· " At most 2 

Eigenvalue 

0.519893 
0.391486 
0.218037 

Trace 
Statistic 

54.62786 
27.47927 
9.100092 

Trace test indicates 2 cointegrating eqn(s) at the 0.05 level 
~ denotes rejection of the hypothesis at the 0.05 level 
• •MacKinnon-l-laug-Michelis ( 1999) p-values 

. 

0.05 
Critical Value 

42.91525 
25.87211 
12.51798 

Unrestricted Cointegration Rank Test (Maximum Eigenvalue) 

' 

. . l-lypothesized 
• 

f 
No. ofCE(s) 

. ' 
None• 

' " ,, 

At most 1 
At most 2 

' ' 

Eigenvalue 

0.519893 
0.391486 
0.218037 

Max-Eigen 
Statistic 

27.14858 
18.37918 
9.100092 

0.05 
Critical Value 

25.82321 
19.38704 
12.51798 

Max-eigenvalue test indicates 1 cointegrating eqn(s) at the 0.05 level 
,· 

• denotes rejection of the hypothesis at the 0.05 level 
••MacKinnon-lfaug-Michelis (1999) p-values 

, 

' . ' 

• 

Prob.•• 

0.0023 
0.0313 
0.1743 

Prob.•• 

0.0333 
0.0696 
0.1743 

• 
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Table B(27) 

Co-integration with unrestricted intercepts and no trend of variables included in the Co
integrating vector of manufacturing sector- at 10% . 

LN(QIL) LN(KIL) (LN(KIL)2 

, 

Date: 04/14/10 Time: 21 :00 
Sample (adjusted): 1972 2008 

• 

Included observations: 37 after adjustments 
Trend assumption: Linear deter1ninistic trend 
Series: QL KL KL2 
Lags interval (in first differences): 1 to 1 

Unrestricted Cointegration Rank Test (Trace) 

Hypothesized 
No. ofCE(s) 

•.• •= 
None• 

At most 1 
At most2 

Eigenvalue 

0.446305 
0.218430 
0.070222 

Trace 
Statistic 

=== ' 
33.68486 
11.81264 
2.693966 

Trace test indicates 1 cointegrating eqn(s) at the 0.1 level 
' • denotes rejection of the hypothesis at the 0.1 level 

• •MacKinnon-Haug•Michelis ( 1999) p-values 

0.1 
Critical Value 

27.06695 
13.42878 
2.705545 

Unrestricted Co integration Rank Test (Maximum Eigenvalue) 

• 

Hypothesized 
No. ofCE(s) 

None• 
At most 1 
At most 2 

Eigenvalue 
== 

0.446305 
0.218430 
0.070222 

Max-Eigen 
Statistic 

I -• 

21.87222 
9.118675 
2.693966 

0.1 
Critical Value 

== 
18.89282 
12.29652 
2.105545 

Max-eigenvalue test indicates 1 cointegrating eqn(s) at the 0.1 level 
• denotes rejection of the hypothesis at the 0.1 level 
• •MacKinnon-liaug•Michelis ( 1999) p-values 

..... 

Prob.•• 

0.0170 
0.1661 
0.1007 

Prob.•• 

0.0393 
0.2764 
0.1007 

290 

• 



Table B(28) 

. Co-integration with unrestricted intercepts and with trend of variables included in the Co-
. · · integrating vector of manufacturing sector- at 10%. 

, ~er/es: LN(QIL) LN(KIL) (LN(KIL)2 · 

· Sample (adjusted): 19722008 
Included observations: 37 after adjustments 
Trend assumption: Linear deterministic trend (restricted) 

Lags interval (in first differences): 1 to 1 

· Unrestricted Cointegration Rank Test (Trace) 

· Hypothesized · Trace 0.1 
No. ofCE(s) Eigenvalue Statistic Critical Value 

None•· 0.519893 54.62786 39.75526 
At most 1 • 0.391486 27.47927 23.34234 
Atmost2 0.218037 9.100092 10.66637 

· Trace test indicates 2 cointegrating eqn(s) at the 0.1 level 
• denotes rejection of the hypothesis at the 0.1 level 
• •MacKinnon-Haug-Michelis ( 1999) p-values 

Unrestricted Cointegration Rank Test (Maximum Eigenvalue) 

Hypothesized Max-Eigen 0.1 
No. ofCE(s) Eigenvalue Statistic Critical Value 

None• 0.519893 27.14858 23.44089 
At most 1 • 0.391486 18.37918 17.23410 
Atmost2 0.218037 9.100092 10.66637 

Max-eigenvalue test indicates 2 cointegrating eqn(s) at the 0.1 level 
• denotes rejection of the hypothesis at the 0.1 level 
••MacKinnon-Haug-Michelis (1999) p-values 

Prob.•• 

0.0023 
0.0313 
0.1743 

Prob.•• 

0.0333 
0.0696 
0.1743 
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Table B(29) 

• 

Co-integration with unrestricted intercepts and no trend of variables included in the Co-
integrating vector of manufacturing sector• at 5%. 

Serles: LN(Q/L) LN(KIL) 

' Sample (adjusted): 1972 2008 
Included observations: 37 after adjustments 
Trend assumption: Linear detenninistic trend 

Lags interval (in first differences): 1 to 1 

Unrestricted Cointegration Rank Test (Trace) 

Hypothesized 
No. ofCE(s) 

None 
At most I 

Eigenvalue 

0.268579 
0.067417 

Trace 
Statistic 

14.15484 
2.582510 

Trace test indicates no cointegration at the 0.05 level 
• denotes rejection of the hypothesis at the 0.05 level 
••MacKinnon-Jlaug-Michelis (1999) p-values 

0.05 
Critical Value 

15.49471 
3.841466 

Unrestricted Cointegration Rank Test (Maximum Eigenvalue) 

Prob.•• 

0.0788 
0.1080 

== I a:==== ____ .........._____ _________________ _ 

Hypothesized 
No. ofCE(s) 

None 
At most 1 

Eigenvalue 

0.268579 
0.067417 

Max-Eigen 
Statistic 

11.57233 
2.582510 

0.05 
Critical Value 

14.26460 
3.841466 

Max-eigenvalue test indicates no cointegration at the 0.05 level 
• denotes rejection of the hypothesis at the 0.05 level 
• •MacKinnon-Jlaug-Michelis (1999) p-values 

.... 

Prob.•• 

0.1278 
0.1080 

• 

• 

• 
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Table B(30) 

Co-integration with unrestricted intercepts and with trend of variables included in the Co
integrating vector of manufacturing sector- at 5%. 

S~rles: LN(QIL) LN(KIL) 

· · Sample (adjusted): 1972 2008 
Included observations: 37 after adjustments 

, Trend assumption: Linear deterministic trend (restricted) 

Lags interval (in first differences): 1 to 1 

Unrestricted Cointegration Rank Test (Trace) 

Hypothesized 
No. ofCE(s) 

· None• 
'At most 1 

Eigenvalue 

0.411835 
0.230638 

Trace 
Statistic 

29.33886 
9.701177 

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

0.05 
Critical Value 

25.87211 
12.51798 

Unrestricted Cointegration Rank Test (Maximum Eigenvalue) 

Hypothesized 
No. ofCE(s) 

None• 
At most 1 

Eigenvalue 

0.411835 
0.230638 

Max-Eigen 
Statistic 

19.63769 
9.701177 

0.05 
Critical Value 

19.38704 
12.51798 

Max-eigenvalue test indicates 1 cointegrating eqn(s) at the 0.05 level 
· • denotes rejection of the hypothesis at the 0.05 level 

• *MacKinnon-Haug-Michelis (1999) p-values 

Prob.•• 

0.0178 
0.1414 

Prob.•• 

0.0460 
0.1414 
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Table B(JJ) 

Co-integration with unrestricted intercepts and no trend of variables included in the Co
integrating vector of manufacturing sector- at 10%. 

LN(QIL) LN(KIL) 

Sample (adjusted): 1972 2008 
Included observations: 37 after adjustments 
Trend assumption: Linear detenninistic trend 

Lags interval (in first differences): 1 to 1 

Unrestricted Cointegration Rank Test (Trace) 

Hypothesized 
No. ofCE(s) 

None 
At most 1 

Eigenvalue 

0.268579 
0.067417 

Trace 
Statistic 

14.15484 
2.582510 

Trace test indicates no cointegration at the 0.05 level 
• denotes rejection of the hypothesis at the 0.05 level 
• •MacKinnon-Haug-Michelis ( 1999) p-values 

0.05 
Critical Value 

- 15.49471 
3.841466 

Unrestricted Cointegration Rank Test (Maximum Eigenvalue) 

Hypothesized 
No. ofCE(s) Eigenvalue 

Max-Eigen 
Statistic 

0.05 
Critical Value 

None 
At most 1 

0.268579 
0.067417 

11.57233 
2.582510 

Max-eigenvalue test indicates no cointegration at the 0.05 level 
• denotes rejection of the hypothesis at the 0.05 level 
••MacKinnon-Haug-Michelis (1999) p--values 

' 

' 

14.26460 
3.841466 

Prob.•• 

0.0788 
0.1080 

Prob.•• 

0.1278 
0.1080 

• 

• 
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Table B(32) 

Co-integration with unrestricted intercepts and with trend of variables included in the Co-
. integrating vector of manufacturing sector- at I 0%. 

LN(QIL) LN(KIL) 

· Date: 04/14/10 'Time: 21:06 
Sample (adjusted): 1972 2008 
Included observations: 37 after adjustments 
Trend assumption: Linear deterministic trend (restricted) 

.. Series: QL KL 
··Lags interval (in first differences): 1 to 1 

Unrestricted Co-integration Rank Test (Trace) 

Hypothesized 
No. ofCE(s) 

'None• 
·· At most 1 

Eigenvalue 

0.411835 
0.230638 

Trace 
Statistic 

29.33886 
9.701177 

Trace test indicates 1 co integrating eqn(s) at the 0.1 level 
• denotes rejection of the hypothesis at the 0.1 level 
.. MacKinnon-Haug-Michelis (1999) p-values 

0.1 
Critical Value 

23.34234 
10.66637 

. Unrestricted Co integration Rank Test (Maximum Eigenvalue) 

Hypothesized 
No. ofCE(s) 

None• 
At most 1 

Eigenvalue 

0.411835 
0.230638 

Max-Eigen 
Statistic 

19.63769 
9.701177 

0.1 
Critical Value 

17.23410 
10.66637 

Max-eigenvalue test indicates 1 co integrating eqn(s) at the 0.1 level 
• denotes rejection of the hypothesis at the 0.1 level 
.. MacKinnon-Haug-Michelis (1999) p-values 

Prob.•• 

0.0178 
0.1414 

Prob.•• 

0.0460 
0.1414 
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Table B(33) 

Co-integration with unrestricted intercepts and no trend of variables included in the Co
integrating vector of productive sector- at 5%. 

Series: LNQ LNK LNL 

Sample (adjusted): 1972 2008 
Included observations: 37 after adjustments 
Trend assumption: Linear deterministic trend 

Lags interval (in first differences): 1 to 1 

Unrestricted Co integration Rank Test (Trace) 

Hypothesized 
No. ofCE(s) 

None• 
At most 1 
At most 2 • 

Eigenvalue 

0.569201 
0.189413 
0.130288 

Trace 
Statistic 

44.09305 
12.93480 
5.164930 

0.05 
Critical Value 

29.79707 
15.49471 
3.841466 

Trace test indicates 1 co integrating eqn(s) at the 0.05 level 
• denotes rejection of the hypothesis at the 0.05 level 
• •MacKinnon-Haug-Michelis (1999) p-values 

Unrestricted Co integration Rank Test (Maximum Eigenvalue) 

Hypothesized 0.05 

Prob.•• 

0.0006 
0.1172 
0.0230 

No. of CE(s) Eigenvalue 
Max-Eigen 
Statistic Critical Value Prob.•• 

None• 
At most 1 
At most 2 • 

0.569201 
0.189413 
0.130288 

31.15825 
7.769874 
5.164930 

21.13162 
14.26460 
3.841466 

0.0014 
0.4026 
0.0230 

ffl F1IIEI I 

Max-eigenvalue test indicates 1 co integrating eqn(s) at the 0.05 level 
• denotes rejection of the hypothesis at the 0.05 level 
• •MacKinnon-Haug-Michelis (1999) p-values 

• 

• 

' 
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Table B(34) 

Co-integration with unrestricted intercepts and with trend of variables included in the Co-
. · integrating vector of productive sector- at 5%. 

Serles: LNQ LNK LNL 

Sample (adjusted): 1972 2008 
Included observations: 37 after adjustments 
Trend assumption: Linear deterministic trend (restricted) . . 

Lags interval (in first differences): 1 to 1 

Unrestricted Co integration Rank Test (Trace) 

Hypothesized Trace 
No. ofCE(s) Eigenvalue Statistic 

None• 0.581206 48.08676 
At most 1 0.248865 15.88283 
.Atmost2 0.133329 5.294525 

0.05 
Critical Value 

42.91525 
25.87211 
12.51798 

Trace test indicates 1 co integrating eqn(s) at the 0.05 level 
• denotes rejection of the hypothesis at the 0.05 level 
.. MacKinnon-Haug-Michelis (1999) p-values 

Unrestricted Co integration Rank Test (Maximum Eigenvalue) 

Hypothesized Max-Eigen 0.05 
No. ofCE(s) Eigenvalue Statistic Critical Value 

None• 0.581206 32.20393 25.82321 
At most 1 0.248865 10.58831 19.38704 
Atmost2 0.133329 5.294525 12.51798 

Max-eigenvalue test indicates 1 co integrating eqn(s) at the 0.05 level 
• denotes rejection of the hypothesis at the 0.05 level 
.. MacKinnon-Haug-Michelis (1999) p-values 

Prob.•• 

0.0140 
0.5020 
0.5547 

Prob.•• 

0.0063 
0.5562 
0.5547 
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Table B(35) 

Co-integration with unrestricted intercepts and no trend of variables included in the Co
integrating vector of productive sector- at I 0%. 

Serles: LNQ LNK LNL 

Sample (adjusted): 1972 2008 
Included observations: 3 7 after adjustments 
Trend assumption: Linear dete11ninistic trend 

Lags interval (in first differences): 1 to 1 

Unrestricted Co integration Rank Test (Trace) 

Hypothesized 
No. of CE(s) 

None• 
At most 1 
At most2 • 

Eigenvalue 

0.569201 
0.189413 
0.130288 

Trace · 
Statistic 

44.09305 
12.93480 
5.164930 

• 

0.1 
Critical Value 

27.06695 
13.42878 
2.705545 

======#Ill! 

Trace test indicates 1 co integrating eqn(s) at the 0.1 level 
• denotes rejection of the hypothesis at the 0.1 level 
• •MacKinnon--Haug-Michelis ( 1999) p-values 

Unrestricted Co integration Rank Test (Maximum Eigenvalue) 

0.1 " 

Prob.,•• 

0.0006 
0.1172 
0.0230 

Hypothesized 
No. of CE(s) Eigenvalue 

Max-Eigen 
Statistic Critical Value Prob.•• 

None• 
At most 1 
At most 2 • 

• 

0.569201 
0.189413 
0.130288 

31.15825 
7.769874 
5.164930 

18.89282 
12.29652 
2.705545 

Max-eigenvalue test indicates 1 co integrating eqn(s) at the 0.1 level 
• denotes rejection of the hypothesis at the 0.1 level 
••MacKinnon-Haug-Michelis (1999) p-values 

.,, ... . 

• 

0.0014 
0.4026 
0.0230 
11• I 

• 

' 

-
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Table B(36) 

· Co-integration with unrestricted intercepts and with trend of variables included in the Co
integrating vector of productive sector- at 10%. 

Serles: LNQ LNK LNL 

Sample (adjusted): 1972 2008 
· included observations: 37 after adjustments 
Trend assumption: Linear deterministic trend (restricted) 

Lags interval (in first differences): 1 to 1 

Unrestricted Co integration Rank Test (Trace) 

Hypothesized Trace 0.1 
No. ofCE(s) Eigenvalue Statistic Critical Value 

·None• 0.581206 48.08676 39.75526 
At most 1 0.248865 15.88283 23.34234 
At most2 0.133329 5.294525 10.66637 

Trace test indicates 1 co integrating eqn(s) at the 0.1 level 
• denotes rejection of the hypothesis at the 0.1 level 
••MacKinnon-Haug-Michelis (1999) p-values 

Unrestricted Co integration Rank Test (Maximum Eigenvalue) 

· Hypothesized Max-Eigen 0.1 
No. ofCE(s) Eigenvalue Statistic Critical Value 

None•. 0.581206 32.20393 23.44089 
At most 1 0.248865 10.58831 17.23410 
At most2 0.133329 5.294525 10.66637 

· Max-eigenvalue test indicates 1 co integrating eqn(s) at the 0.1 level 
• denotes rejection of the hypothesis at the 0.1 level 
••MacKinnon-Haug-Michelis (1999) p-values 

Prob.•• 

0.0140 
0.5020 
0.5547 

Prob.•• 

0.0063 
0.5562 
0.5547 
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Table B(37) 

Co-integration with unrestricted intercepts and no trend of variables included in the Co
integrating vector of productive sector- at 5%. 

Serles: LNQ LNK LNL (LNK-LNL)2 

Sample (adjusted): 1972 2008 
Included observations: 37 after adjustments 
Trend assumption: Linear dete1·rr1inistic trend 

Lags interval (in frrst differences): 1 to 1 

Unrestricted Co integration Rank Test (Trace) 

0.05 Hypothesized 
No. of CE(s) Eigenvalue 

Trace 
Statistic Critical Value Prob.•• 

I 

None• 
At most 1 
At most2 
At most 3 

- ------- ., --- -- .. --- --- - - ----

0.597709 
0.263845 
0.184246 
0.091630 

56.11569 
22.42422 
11.09060 
3.555846 

II 

47.85613 
29.79707 
15.49471 
3.841466 

Trace test indicates 1 co integrating eqn(s) at the 0.05 level 
• denotes rejection of the hypothesis at the 0.05 level 
• •MacKinnon-Haug ... Michelis ( 1999) p-values 

Unrestricted Co integration Rank Test (Maximum Eigenvalue) 

0.05 

0.0069 
0.2755 
0.2060 
0.0593 

Hypothesized 
No. of CE(s) Eigenvalue 

Max-Eigen 
Statistic Critical Value Prob.•• 

• 
None• 
At most 1 
At most2 
At most 3 

0.597709 
0.263845 
0.184246 
0.091630 

-- ---- - --

33.69147 
11.33362 
7.534755 
3.555846 

27.58434 
21.13162 
14.26460 
3.841466 

Max-eigenvalue test indicates 1 co integrating eqn(s) at the 0.05 level 
• denotes rejection of the hypothesis at the 0.05 level 
••MacKinnon-Haug-Michelis (1999) p-values 

' 

0.0072 
0.6140 
0.4280 
0.0593 

• 

' 

• 
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Table B(38) 

Co-integration with unrestricted intercepts and with trend of variables included in the Co
integrating vector of productive sector- at 5%. 

Serles: LNQ LNK LNL (LNK-LNL)2 

'Sample (adjusted): 1972 2008 
Included observations: 37 after adjustments 
Trend assumption: Linear detenninistic trend (restricted) 

. Lags interval (in first differences): 1 to 1 
'. 

· Unrestricted Co integration Rank Test (Trace) 

Hypothesized Trace 0.05 
No. ofCE(s) · Eigenvalue Statistic Critical Value 

None• 1 0.634618 64.96683 63.87610 
At most 1 0.273625 27.71478 42.91525 
At most 2 0.241148 .15.88629 25.87211 

.At most 3 0.142223 5.676192 12.51798 

Trace test indicates 1 co integrating eqn(s) at the 0.05 level 
• denotes rejection of the hypothesis at the 0.05 level 

· .. MacKinnon-Haug-Michelis (1999) p-values 
' ·' --< f 

· Unrestricted Co integration Rank Test (Maximum Eigenvalue) 

Hypothesized Max-Eigen 0.05 
No. ofCE(s) Eigenvalue Statistic Critical Value 

None• 0.634618 37.25205 32.11832 
At most 1 0.273625 11.82849 25.82321 
At most 2 0.241148 10.21010 19.38704 
Atmost3 0.142223 5.676192 12.51798 

. Max-eigenvalue test indicates 1 co integrating eqn(s) at the 0.05 level 
• denotes rejection of the hypothesis at the 0.05 level 
.. MacKinnon-Haug-Michelis (1999) p-values 

Prob.•• 

0.0404 
0.6391 
0.5017 
0.5025 

Prob.•• 

0.0108 
0.8831 
0.5964 
0.5025 
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Table B(39) 

Co-integration with unrestricted intercepts and no trend of variables included in the Co
integrating vector of productive sector- at J 0%. 

Serles: LNQ LNK LNL (LNK-LNL)2 

Sample (adjusted): 1972 2008 
Included observations: 3 7 after adjustments 
Trend assumption: Linear detenninistic trend 

Lags interval (in first differences): 1 to 1 

Unrestricted Co integration Rank Test (Trace) 
= 19i p 11111111 

0.1 Hypothesized 
No. of CE(s) Eigenvalue 

Trace 
Statistic Critical Value Prob.•• 

None• 
At most 1 
At most 2 
At most 3 • 

0.597709 
0.263845 
0.184246 
0.091630 

56.11569 
22.42422 
11.09060 
3.555846 

44.49359 
27.06695 
13.42878 
2.705545 

Trace test indicates 1 co integrating eqn(s) at the 0.1 level 
• denotes rejection of the hypothesis at the 0.1 level 
••MacKinnon-Haug-Michelis (1999) p-values 

Unrestricted Co integration Rank Test (Maximum Eigenvalue) 
- --- -------

0. 1 

0.0069 
0.2755 
0.2060 
0.0593 

Hypothesized 
No. ofCE(s) Eigenvalue 

Max-Eigen 
Statistic Critical Value Prob.•• 

= 

- ------- -- ------ ---- - I 

None• 
At most 1 
At most2 
At most 3 • 

0.597709 
0.263845 
0.184246 . 
0.091630 

.. 

33.69147 
11.33362 
7.534755 
3.555846 

• 

25.12408 
18.89282 
12.29652 
2.705545 

--- --- -- ----~ 

Max-eigenvalue test indicates 1 co integrating eqn(s) at the O. 1 level 
• denotes rejection of the hypothesis at the 0.1 level 
••MacKinnon-Haug-Michelis ( 1999) p-values 

- - . - -- -- - . -· .. - -- -- ---- . - ---- --- --- -------- - ~" ~ "' . " - ----- - ■ a 

... 

I 

0.0072 
0.6140 
0.4280 
0.0593 

------ -- - --

• 
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Table B(40) 

Co-integration with unrestricted intercepts and with trend of variables included in the Co-
.·· integrating vector of productive sector- at 10%. 

Serles: LNQ LNK LNL (LNK-LNL)2 

· Sample (adjusted): 1972 2008 
Included observations: 37 after adjustments 
Trend assumption: Linear deterministic trend (restricted) 

Lags interval (in first differences): 1 to 1 

Unrestricted Co integration Rank Test (Trace) 

Hypothesized Trace 0.1 
No. ofCE(s) Eigenvalue Statistic Critical Value 

·None• 0.634618 64.96683 60.08629 
At most 1 0.273625 27.71478 39.75526 
Atmost2 0.241148 15.88629 23.34234 

. Atmost3 0.142223 5.676192 10.66637 

Trace test indicates 1 cointegrating eqn(s) at the 0.1 level 
• denotes rejection of the hypothesis at the 0.1 level 

.... Mac~innon-Haug-Michelis (1999) p-values 

··Unrestricted Co integration Rank Test (Maximum Eigenvalue) 

Hypothesized Max-Eigen 0.1 
No. ofCE(s) Eigenvalue Statistic Critical Value 

None• 0.634618 37.25205 29.54003 
At most 1 0.273625 11.82849 23.44089 
At most2 0.241148 10.21010 17.23410 
At most 3 0.142223 5.676192 10.66637 

Max-eigenvalue test indicates 1 co integrating eqn(s) at the 0.1 level 
• denotes rejection of the hypothesis at the 0.1 level 
.. MacKinnon-Haug-Michelis (1999) p-values 

Prob.•• 

0.0404 
0.6391 
0.5017 
0.5025 

Prob.•• 

0.0108 
0.8831 
0.5964 
0.5025 
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Table B(41) 

Co-integration with unrestricted intercepts and no trend of variables included in the Co
integrating vector of productive sector- at 5%. 

, 

Serles: LN(QIL) LN(KIL) (LN(KIL))2 

Sample (adjusted): 1972 2008 
Included observations: 37 after adjustments 
Trend assumption: Linear deterministic trend 

Lags interval (in first differences): 1 to 1 

Unrestricted Co integration Rank Test (Trace) 

Hypothesized 
No. ofCE(s) 

None 
At most l 
At most 2 

a==m=;& == •==+ == 

Eigenvalue 

0.277886 
0.179343 
0.077859 

fi f a r 

Trace 
Statistic 

22.35837 
10.31218 
2.999120 

Trace test indicates no cointegration at the 0.05 level 
• denotes rejection of the hypothesis at the 0.05 level 
••MacKinnon-Haug-Michelis (1999) p-values 

0.05 
Critical Value 

29.79707 
15.49471 • 

3.841466 

Unrestricted Co integration Rank Test (Maximum Eigenvalue) 
■ 

Hypothesized 
No. ofCE(s) 

None 
At most 1 
At most 2 

Eigenvalue 

0.277886 
0.179343 
0.077859 

Max-Eigen 
Statistic 

12.04619 
7.313059 
2.999120 

0.05 
Critical Value 

21.13162 
. 14.26460 

3.841466 

Max-eigenvalue test indicates no co integration at the 0.05 level 
• denotes rejection of the hypothesis at the 0.05 level 
••MacKinnon-Haug-Michelis (1999) p•values 

, 

.... 

.-

' 

• 

Prob.•• 

0.2790 
0.2575 
0.0833 

Prob.•• 

0.5431 
0.4528 
0.0833 

• 

i :ii 

• 
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Table B(42) 

Co-integration with unrestricted intercepts and with trend of variables included in the Co-
~ - integrating vector of productive sector- at 5% . 

• 

- ' -
: -Serles: LN(QIL) LN(KIL) (LN(KIL))2 

, 

• 

• 
' 

Sample (adjusted): 1972 2008 
Included observations: 3 7 after adjustments 

' Trend assumption: Linear deterministic trend (restricted) 
' , 

' 

Lags interval (in first differences): 1 to 1 

. Unrestricted Co integration Rank Test (Trace) 
- , - . - . - - - - - - - - - - - - - - -- - - - . ' ,.. - - --- ---- - - ----- - -- - - -- -

~, llypothesized 
No. of CE(s) 

None 
. At most 1 

-~·· At most 2 

Eigenvalue 

0.499113 
0.204221 
0.168618 

Trace 
Statistic 

40.86561 
15.28472 
6.832655 

Trace test indicates no co integration at the 0.05 level 
• denotes rejection of the hypothesis at the 0.05 level 
••MacKinnon-llaug-Michelis (1999) p-values 

' 

0.05 
Critical Va1ue 

42.91525 
25.87211 
12.51798 

Unrestricted Co integration Rank Test (Maximum Eigenvalue) , 

I lypothesized 
No. ofCE(s) 

None 
At most 1 
At most 2 

Eigenvalue 

0.499113 
0.204221 
0.168618 

Max-Eigen 
Statistic 

25.58088 
8.452069 
6.832655 

0.05 
Critical Value 

25.82321 
19.38704 
12.51798 

Max-eigenvalue test indicates no co integration at the 0.05 level 
• denotes rejection of the hypothesis at the 0.05 level 
• •MacKinnon-1 laug-Michelis ( 1999) p-values 

• 

• 

Prob.•• 

0.0790 
0.5509 
0.3623 

• 

Prob.•• 

0.0538 
0.7793 
0.3623 

' 

• 

• 
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Table B(4J) 

Co-integration with unrestricted intercepts and no trend of variables included in the Co
integrating vector of productive sector- at 10%. 

Serles: LN(QIL) LN(KIL) (LN(KIL))2 

Sample (adjusted): 1972 2008 
Included observations: 37 after adjustments 
Trend assumption: Linear detenninistic trend 

Lags interval (in first differences): 1 to 1 

Unrestricted Co integration Rank Test (Trace) 

Hypothesized 
No. ofCE(s) 

None 
At most 1 

Atmost2 • 

Eigenvalue 

0.277886 
0.179343 
0.077859 

Trace 
Statistic 

22.35837 
10.31218 
2.999120 

rs II 

Trace test indicates no co integration at the 0.1 level 
• denotes rejection of the hypothesis at the 0.1 level 
••MacKinnon-Haug-Michelis (1999) p-values 

0.1 
Critical Value 

27.06695 
13.42878 
2.705545 

Unrestricted Co integration Rank Test (Maximum Eigenvalue) 
M . l 

Jlypothesized 
No. ofCE(s) Eigenvalue 

Max-Eigen 
Statistic 

0.1 
Critical Value 

None 
At most 1 

At most 2 • 
--- --- "----

-- ·-·---·---- ___ , __ _ 

0.277886 
0.179343 
0.077859 

l 

-- . ·-----~ -- --- --- ---- --------- . 

12.04619 
7.313059 
2.999120 

Max-eigenvalue test indicates no co integration at the 0.1 level 
• denotes rejection of the hypothesis at the 0.1 level 
••MacKinnon-Jlaug-Michelis (1999) p-values 

• 

.. 

• 

' 

18.89282 
12.29652 
2.705545 
-

Prob.** 

0.2790 
0.2575 
0.0833 

• 

- ----------------- I 

£_J 

Prob.** 

0.5431 
0.4528 
0.0833 

• 

-

-
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Table B(44) 

Co-integration with unrestricted intercepts and with trend of variables included in the Co-
. integrating vector of productive sector- at 10%. 

Serles: LN(QIL) LN(KIL) (LN(KIL))2 

Sample (adjusted): 1972 2008 
Included observations: 37 after adjustments 
Trend assumption: Linear detenninistic trend (restricted) 

Lags ,interval (in first differences): 1 to 1 

Unrestricted Co integration Rank Test (Trace) 

• Hypothesized Trace 0.1 
· No. ofCE(s) Eigenvalue Statistic Critical Value 

None• 0.499113 40.86561 39.75526 
At most 1 · 0.204221 15.28472 23.34234 

:At most 2 0.168618 6.832655 10.66637 

Trace test indicates 1 co integrating eqn(s) at the 0.1 level 
• denotes rejection of the hypothesis at the 0.1 level 
• •MacKinnon-Haug-Michelis ( 1999) p-values 

Unrestricted Co integration Rank Test (Maximum Eigenvalue) 

· Hypothesized Max-Eigen 0.1 
No. ofCE(s) Eigenvalue Statistic Critical Value 

None• 0.499113 25.58088 23.44089 
At most 1 0.204221 8.452069 17.23410 
Atmost2 0.168618 6.832655 10.66637 

Max-eigenvalue test indicates 1 co integrating eqn(s) at the 0.1 level 
• denotes rejection of the hypothesis at the 0.1 level 
• •MacKinnon-Haug-Michelis ( 1999) p-values 

Prob.•• 

0.0790 
0.5509 
0.3623 

Prob.•• 

0.0538 
0.7793 
0.3623 
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Table B(45) 

Co-integration with unrestricted intercepts and no trend of variables included in the Co
integrating vector of productive sector- at 5% . 

LN(QIL) LN(KIL) 

Date: 07/14/10 Time: 18:40 
Sample (adjusted): 1972 2008 
Included observations: 37 after adjustments 
Trend assumption: Linear deterministic trend 
Series: QL KL 
Lags interval (in first differences): 1 to 1 

Unrestricted Cointegration Rank Test (Trace) 
- ----- --

Hypothesized 
No. of CE(s) 

None 
At most 1 

I I !I I 

Eigenvalue 

0.266903 
0.076167 

Trace 
Statistic 

14.41896 
2.931288 

• 

• 

0.05 
Critical Value 

15.49471 
3.841466 

Trace test indicates no cointegration at the 0.05 level 
• denotes rejection of the hypothesis at the 0.05 level 
••MacKinnon-Haug-Michelis (1999) p-values 

Unrestricted Cointegration Rank Test (Maximum Eigenvalue) 
111111 -- --- ----Ill 

0.05 

Prob .. •• 

0.0721 
0.0869 

1 ~1Wlili 

Hypothesized 
No. of CE(s) Eigenvalue 

Max-Eigen 
Statistic Critical Value Prob.•• 

... 
None 
At most 1 
• 

0.266903 
0.076167 

11.48767 
2.931288 

I □--'' 

14.26460 
3.841466 

Max-eigenvalue test indicates no cointegration at the 0.05 level 
• denotes rejection of the hypothesis at the 0.05 level 
••MacKinnon-Haug-Michelis ( 1999) p-values 

' 

0.1314 
0.0869 

• 

• 

- - -- --. ,.. ------- -·--· ------

• 

,.., 

• 

• 
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Table B(46) 

·. iCo-intewation with unrestricted intercepts and with trend of variables included in the Co
integrating vector of productive sector- at 5%. 

LN(QIL) LN(KIL) 
· Date: 07/14/10 Time: 18:40 
Sample (adjusted): 1972 2008 
Included observations: 37 after adjustments 
Trend assumption: Linear deterministic trend (restricted) 
Series: QL KL 
Lags ,interval (in first differences): 1 to 1 

Unrestricted Cointegration Rank Test (Trace) 

Hypothesized 
No. ofCE(s) 

.. 
None 
At most 1 

Eigenvalue 

0.3ill64 
0.119364 

Trace 
Statistic 

19.03596 
4.703085 

0.05 
Critical Value 

25.87211 
12.51798 

.· Trace test indicates no cointegration at the 9.05 level 
• denotes rejection of the hypothesis at the 0.05 level 
uMacKinnon-Haug-Michelis (1999) p-values 

Unrestri.cted Cointegration Rank Test (Maximum Eigenvalue) 

Hypothesized 0.05 

Prob ... 

0.2787 
0.6394 

No. ofCE(s) Eigenvalue 
Max-Eigen 
Statistic Critical Value Prob ... 

None 0.321164 
At most 1 0.119364 

14.33288 
4.703085 

19.38704 0.2326 
12.51798 0.6394 

Max-eigenvalue test indicates no cointegration at the 0.05 level 
.• denotes rejection of the hypothesis at the 0.05 level 
uMacKinnon-Haug-Michelis (1999) p-values 
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Table B(47) 
' 

Co-integration with unrestricted intercepts and no trend of variables included in the Co
integrating vector of productive sector- at 10% . 

LN(QIL) LN(KIL) 
Date: 07/14/10 Time: 18:41 

Sample (adjusted): 1972 2008 
Included observations: 37 after adjustments 
Trend assumption: Linear deterministic trend 
Series: QL KL 
Lags interval (in frrst differences): 1 to 1 

Unrestricted Cointegration Rank Test (Trace) 

Hypothesized 

• 

0.1 
No. ofCE(s) Eigenvalue 

Trace 
Statistic Critical Value Prob.** 

None• 
At most 1 • 

0.266903 
0.076167 

14.41896 
2.931288 

13.42878 
2.10S545 

, 

0.0721 
0.0869 

~-------------.....-----'-'•-~-- ·- ~---·-~------~------..,........---------.....,~~---- ~..--...........--~~-~-

Trace test indicates 2 cointegrating eqn(s) at the 0.1 level 
• denotes rejection of the hypothesis at the 0.1 level 
••MacKinnon-Haug-Michelis (1999) p-values 

Unrestricted Cointegration Rank Test (Maximum Eigenvalue) 

Hypothesized 0.1 
No. of CE(s) Eigenvalue 

Max-Eigen 
Statistic Critical Value Prob.•• 

None 0.266903 11.48767 
2.931288 

12.296S2 0.1314 
At most 1 • 0.076167 2.705S45 0.0869 

Max-eigenvalue test indicates no cointegration at the 0.1 level 
• denotes rejection of the hypothesis at the 0.1 level 
••MacKinnon-Haug-Michel is (1999) p-values 

• 

• 

• 

' 
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