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ABSTRACT 

This study sought to investigate the impact of carbon emission tax on unemployment in South 

Africa. This particular focus of the study comes at a time when the South African 

unemployment rate is at a staggering 27.5% (Statistics South Africa, 2018) . Moreover, South 

Africa is ranked the largest emitter of carbon dioxide in the continent (Boden, et al. , 2011 ). To 

shed light on this fundamental research question, the VAR econometric technique was applied 

using time-series spanning the period 1980 - 2017. In addition to general tax revenue used as 

a proxy variable for carbon em ission tax, other variables captured in our econometric 

specification included real GDP, household consumption, electricity power consumption, 

carbon emission and foreign direct investment outflow. Our empirical results showed a 

negative relationship between our key variables of interest namely carbon emission tax and 

unemployment. This implies that on average any increase in carbon emission tax tends to exert 

a decreasing effect on unemployment. These results therefore stress the need for the 

government and policy makers to ensure that carbon tax policy in South Africa is well 

calibrated to optimize its effect on unemployment. The rest of the variab les registered expected 

and theoretically consistent relationships with unemployment. 

Keywords: Unemployment, South Africa, Carbon dioxide, Tax 

5 

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER



DECLARATION 

ACKNOWLEDGEMENTS 

DEDICATION 

ABSTRACT 

TABLE OF CONTENTS 

LIST OFT ABLES 

LIST OF FIGURES 

LIST OF ACRONYMS 

LIST OF APPENDICES 

6 

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER



Table of Contents 

DECLARATION ...... ............ ............ ........ .. ...... .................. .................................. ....... .................. .. .. ..... 2 

DEDICATION .. ....... .. .. ............... .... .. ...... .... .. .... .......... ..... ........................................ ............................... 3 

ACKNOWLEDGEMENT .. ... .... .. ..... .. ... ......... .... ... ....................... .. ..... ....... .... .... ........ .......................... ... .... .. 4 

ABSTRACT ... ............................... .... ... ...... ...... .............. .. ......... ........ .. ... ... ... ... ...... ... ... .......... .... ........ ... ... 5 

LIST OF APPENDICE ...... ..... ............. ...... ................. ...... ... ..... ..... .... ... ............ ..... ............ .. ... ............. ..... .. .. . l 

CHAPTER ONE ..... .. ...... ... ... .... .... .... .... ... ..... ... ........... .. ... ......... ... ... ... .... ... .. .... ..... ........ ... ..... .. ... ..... ........ l 

INTRODUCTION OF THE STUDY ............... ...... ........... .. ........ ........ ..... ... .... ...... ..... .. .... .................... ... l 

I.I INTRODUCTION AND BACKGROUND ................................................................................ l 

1.2 PROBLEM ST A TEMENT .................... .......... ....... .... .. ... ......... ....... ........ .... ....... ...... ..... .... ...... ... 3 

1.3 AIMS AN.D OBJECTIVES .... ........ .... ...... ....... .... ... ... .. ..... .. .. ... ...... ............. ......... .... .. ....... .... .. .... . 4 

1.3.1 Aims ............................................... ................. ................. ........................ .. ............ ........... .. 4 

1.3 .2 Objectives .................... ........................................... ... .............. ... ... .. .... ......... .... .... .... ... ... .... . 5 

1.4 RESEARCH QUESTIONS .... .. ........... ... .... .. ...... .. .............. ...... .......... ......... ........ .................... .. .. 5 

1.5 HYPOTH ES IS OF THE STUDY .............................. ........ ..... .. ... .. ...... ... ....... ... .............. ... ... ...... 5 

1.6 SIGNIFICANCE OF THE STUDY ................ ... .. ... .. ..... .... ..... ... .. .... .. ..... .................................... 5 

1.9 LIM ITATIONS .... ....... .. ....... .. ........... ........... ...... ... .... .......... ... ......... .. ........ .. .. .... ... ... .................. .. 6 

I. I 0 LAYOUT OF STUDY .......................................... .... ..... .... ..... ... ... .. .. ... ..... .... ......... .... .. .. ....... .... .. 6 

CHAPTER TWO .................... .............................................. ....... .. .. ...... ... .... ..... .... .... ...... ... ... ... ... .... ........ 7 

LITERATURE REVIEW ..................... ....... ...... ............... ................................ .. ............. ... ... .. ... .... .. ....... 7 

2. INTROD UCTION .................. .. ..... .......... .... .... ............................. .. ....... .. ..... .... ............ .. ...... .. ..... 7 

2.1 CONCEPTUAL PRELIMINARIES OF UNEMPLOYMENT ........... ... .... ................ ......... 7 

2.2 THEORETICAL REVIEW ....... ... ..... .......... ... .. ....... ......................................................... .. ... .. 8 

2.2.I OKUN'S LAW ... ....... .. ...... ...... .... ....... .... ... ........ .. .... .... ... .. .. .. .... ... ... .. ... ... .. ..... ...... ............ 8 

2.2.2 THE CLASS ICAL THEORY OF UNEMPLOYMENT ... .. ..... ...... ......................... .. .. .. 10 

2.2.3 TH E KEYNESIAN THEORY ...................................... ....................... .. ................ ... .... 11 

2.2.4 NEOCLASSICAL THEORY (MONETARISM) .................... .. ............ ... .... ... ...... ... .... 13 

2.2.5 PIGOU ' S THEORY OF UNEMPLOYMENT ......................................................... .... 14 

2.2.6 COASE THEOREM .............................. ... ... ............ ........ ... ....................... ... ... ... ... ... ... .. 16 

2.2.7 DEMAND AND SUPPLY ... .... .... ................... ................. ........................................... .. 17 

2.3 EMPIRICAL LITERATURE REVIEW ........... ..... ........ .. ... ... ... ... ..... ............. .. ........ ............. 18 

2.3.1 EMPIRICAL STUDIES FROM INDUSTRIALISED COUNTRIES .... ....................... 19 

2.3.2 EMPIRICAL REVIEW FROM DEVELOPING COUNTRIES ......... ... .. ... ..... .. ... .. ...... 20 

2.3.3 CO CLUSION ... ... .. ........ ........ ..... ... .......... ......... .......... .... ................. .................. ..... .... 22 

CHAPTER 3 ................. ... .. ... ............. ..................... ................... ...................... ......... ..................... .. ...... 23 

METHODOLOGY .. ....... .. .... .. ....... ................................. .. ....... ........ .. .................................................... 23 

7 

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER



3.1 INTRODUCTION .. ... ... ...... ... .... ..... ... ......... .. .... .... .. .......... .. ......... .... .. ... .... .......... .. .... .. ........... 23 

3.2 DATA ANALYSIS ..... .... ............... ......... .... ...... .......... ............ .... ... .. ....... .. ....... .... ... ... .. .. ... .... 23 

3.3 MODEL SPECIFICATION .. ............. ................ .... ..... .. ... ..................................................... 24 

3.4 DEFINITIONS AND EXPECTED THEORETICAL RELATIONS OF VARJABLES ...... 25 

3.4.1 Unemployment rate ~ % of total labour force (UNE) .. .... ......... .. ..... ......... .......... ..... ..... 25 

3.4.2 Real Gross Domest ic Product (G DP) ..... ... ........ .. ................ .... ..... ........ .. ...... ...... ... .......... .. .. . 25 

3.4.3 Tax -Tax Revenue (Tax) [Proxy variable to Carbon Tax] ... .... ... ... ..... .. .. .. .... ................ 26 

3.4.4 Foreign Direct Investment Net Outflows (FDI) ........ ....... ................ ..... ..... .... .... ..... ...... 26 

3.4.5 Carbon Dioxide Emission (CDE) .... ..... ............. .. .... ..... .. .... ............ .. .... ... .... .. .. ....... ....... 27 

3.4.6 Consumer Consumption (CCT) .. ....... ..... .... ....... ..... .. ... ........ .. .... ..... ...... ... .. .... .. .... .... .... .. 27 

3.4. 7 Electric Power Consumption (EPC) ... .... .............. .... ... ..................... ........... .. ..... ... ........ 28 

3.5 ESTIMATION METHOD AND PROCEDURES ........ ................. .. ............... ....... ............... 28 

3.5 . I Estimation Method ...... ........ ... ...... .. ... .............. ........... .. .. ...... ....... .. ... ............................. 28 

3.5.2 Estimation Procedures ...... ......... .. ... .... ... .. .... ......... .. ...... .. .. .. ...... ..... ... ..... .... ....... .. .... ... .... 33 

3.5.3 Stability and residuals diagnostic tests .. ... ..... .... .. ... .. .... .... ........... .. .. .... .. .... ... .... .. ..... ... ... 36 

3.6 CONCLUSION ........................... .......... .. ................... ..... ....... ....... ....... .. .. ... ... .... ......... ...... .... 38 

CHAPTER 4 .... ..... .......... .. ............ ..................... .. ... ................. ........ .......... ... ......... .. ..... .... .. ....... ... ..... .... 39 

ESTIMATION, PRESENTATION AND INTERPRETATION OF RESULTS .................................. 39 

4.1 INTRODUCTION ..... ... ... ........ .. ... .. ... .. ... ...... .. .... ......... .... .... .. ... ... .... .... ... ... ... ...... ... ................ 39 

4.2 VISUAL INSPECTION .... ... .. ... .. .... ..... ... .... ... ... ... .... ... ... ........ ..... ..... ....... .... .... ...... .. ... ...... .. .. . 39 

4.3 UNIT ROOT TESTS .... .. ... .. ...... .. .. .... .. .. ... ... ..... ... .... .... .. ... ... ........ .. ...... ...................... ..... ....... 40 

4.4 LAG LENGTH SELECTION CRITERIA .. .. ... ... ........ .... .... ..... ......... .. ...... ..... .. ..... ... ..... ... .... .42 

4.5 VECTOR AUTOREGRESSIVE (VAR) MODEL ESTIMATES .. .. ...... ........ .. .. .. .. ...... .... .... .43 

4.6 IMPULSE RESPONSE FUNCTIONS (!RFs) ................. .. ... ............. ....... .. .. ...... .. ...... ... ..... . .44 

4.7 VARJANCE DECOM POSITION .... .. ....... .. .... .. ... ...... ... ................. ..... .......... ... .......... ..... ..... .46 

4.8 VAR STABILITY AND RESIDUALS DIAGNOSTIC TESTS ... ... .. ... .. ... .. ... .. ... ............. .. .47 

4.8.1 VAR stability test .... ....... ... ...... .. .... .... .. ..... .... .. .... .......... .... ...... ...... ..... .... .. ............. .. ...... . 47 

4.8.2 Residuals diagnostic tests ..... ... ..... .. ... .... .... .... ... .. .. .. .. ......... .... ... .. .. ... .. ..... ....... ... .... .. ... ... .47 

4.9 CONCLUSION ......... ... .. .... ..... .. .. ... .......... ....... .. ... ......... .... ... ...... .. .. .... ... ... .... ....... .... .... ....... ... 48 

CHAPTER FIVE .................... ............ .... .. .... .......................... ...... .... ...... .. .. ... .. ...... ...... .. .. .... .. ........... .. ... 48 

SUMMARY, CONCLUS ION AND POLICY RECOMMENDATIONS .... ..... ... .. .... .... ....... .... ... ...... . .48 

5.1 INTRODUCTION .... ... ..... ........ ..... ................ ....... ...... ... ........ ...... ....... ......... ... ..... ......... ... ..... 48 

5.2 SUMMARY .... ..... .... .. ..... .... .. ... ..... .. ........... ... ... ..... ... .... .. ....... .............. ..... ..... .... ...... ............. 49 

5.3 KEY FINDINGS ................................... ..... ........ .. .... ..... .... .. ...... .. ... .... .... .. ........ ..... ...... .. ... ..... ... 49 

5.4 POLICY IMPLICATIONS AND RECOMMENDATIONS ......... .. .... .... ... ... .. .. ... .. .. .. ... .... ...... 50 

5.5 LIMITATIONS OF THE STUDY AND AREAS OF FURTHER RESEA RCH ........ ............ . 51 

8 

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER



REFERENCES .. ... ...... .. .. ... ........... ............ ......... .. ... ........... .. ......... .. .. .... ... .............. .... ........ ..... .. .. ..... ...... 51 

APPENDIX ... ............ .. .. .. .. ... .. ... ... ... .. .. .... ........ ...... ................ .. .......... .. ..... .... .. .. ..... .......................... ... .. .... 55 

APPENDIX 1: DATA ................................................................................. ...... .... .. .... ........................... 55 

APPENDIX 2: LAG LENGTH SELECTION INFORMATION CRITERIA .. ............................................ ........ 57 

APPENDIX 3: THE VAR MODEL ESTIMATES ......................... ... .... .. ......................... .. .. ...... .................. 57 

APPENDIX 4: THE RESPONSE OF UNE ............ ............. .. .. .... .. .................................... .. .... ... .... ......... .. . 59 

APPENDIX 5: RESIDUALS DIAGNOSTIC TESTS ...... ............. .................................. .. ............................. 59 

9 

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER



LIST OF TABLES 

Table 3.1 Summary of all key variables 

Table 4.1 Unit root tests for all of the key variables at level 

Table 4.2 Unit root tests for some of the key variables at first difference 

Table 4.3 Lag order selection criteria 

Table 4.4 Long run VAR estimates 

Table 4.5 Variance decomposition of RGDP 

Table 4.6 Residuals Diagnostic tests results 

10 

42 

59 

60 

61 

61 

64 

66 

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER



LIST OF FIGURES 

Figure 4.1 Graphical representations of all key variables (at level) 

In the specified model 

Figure 4.2 Graphical representations of first differenced key variables specified 

In the model 

Figure 4.3 Impulse Response Functions 

Figure 4.4 Inverse Roots of AR Characteristic Polynomial 

11 

57 

58 

63 

65 

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER



ADF 

A FLO LU 

COE 

CDP 

C02 

CCT 

EPC 

FD! 

GDP 

ICLS 

ILO 

fNDC 

pp 

UNE 

VAR 

LIST OF ACRONYMS 

Augmented Dickey-Fuller 

Agriculture, Forestry and other Land Use 

Carbon Dioxide Emission 

Carbon Disclosure Project 

Carbon Dioxide 

Consumer Consumption 

Electric Power Consumption 

Foreign Direct Investment 

Gross Domestic Product 

International Conference of Labour Statisticians 

International Labour Organisation 

Intended Nationally Developed Contribution 

Phillips-Perron 

Unemployment 

Vector Auto Regression 

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER



LIST OF APPENDICE 

APPENDIX I: DAT A 

APPENDIX 2: LAG LENGTH SELECTION INFORMATION CRITERIA 

APPENDIX 3: THE VAR MODEL ESTIMATES 

APPE DIX 4: THE RESPONSE OF VNE 

APPENDIX 5: RESIDUALS DIAGNOSTIC TESTS 

1 

73 

75 

75 

76 

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER



CHAPTER ONE 

INTRODUCTIO OF THE STUDY 

I. I I TRODUCTIO A D BACKGROUND 

South Africa is a fast-paced growing nation and one enabler of this economic growth 1s 

consumption of energy which results in carbon emission generated from the burning of coal 

and other fossi I fuels in order to accelerate the growth. (National Treasury, 2010) 

However, in 2009 South Africa pledged at the Conference of the Parties (COP 15) in 

Copenhagen that it wil l reduce carbon emission below to 34 per cent in 2020 and further down 

to 42% in 2025. This pledge is complementary to the objectives of South Africa ' s Intended 

ationally Developed Contribution (I DC), a document submitted to the United ations 

Framework Convention on Climate Change in September 2015 (Claassen & Bolton, 2016). 

The National Treasury then set to ensure the materialisation of the pledge by the introduction 

of the carbon emission tax in South Africa (Market Readiness Proposal (MRP), 2015). In 2017, 

76% of the e lectricity generated in South Africa was generated with the use of coal, 7% was 

with petroleum liquids, another 7% was from hydro-electric, 6% was from non-hydro 

renewable energy and 4% was nuclear (EIA Beta, 20 17) South Africa is considered as the 

twelfth largest carbon emitter on the globe, contributing 1.6% of the combined global emission 

and half of Africa' s carbon em ission (UNEP, 2004). South Afr ica' s high energy consumption 

and hence high carbon emission has resulted to the cou ntry ' s per capita carbon emission to be 

comparatively higher than that of other more developed countries such as Spain, Australia and 

Iceland, contrary to trends of other developing countries such as Cuba, Mexico and Argentina 

(Department of Environmental Affairs and Tourism, 2003). 

According to the Carbon Disclosure Project (CDP) South Africa 100 Climate Change Report 

for the year 20 12, the top Johannesburg Securities Exchange (JSE) 100 companies in South 

Africa collectively contributed 64% of the country's total carbon emission in 2012. The report 

further states that Eskom is by far the highest and direct carbon emitter in the Republic, emitting 

231 , 1 million tonnes of co2 in year 2012. Among the JSE I 00 listed companies, SASOL was 

the highest contributor at 61 , 4 million tonnes ofC02, fo llowed by Arce I or Mittal at I 0, 9million 

tonnes, BHP Billiton 3, 2 million, and Anglo American and Sappi at 3 million tonnes each. 

These companies combined are considered as the biggest employers as they collectively 

contribute more than 100, 000 jobs in the country (Johannesburg Stock Exchange, 2018) 
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South Africa' s working age population grew by a hundred and fifty-three thousand people 

(0.4%), which was recorded in the first quarter of 20 18 contrasted with the final quarter on 

2017. The official unemployment rate has demonstrated at constant rise between the years 

2008-2018, increasing from 21.5% to 28%. South Africa's youth makes up 63.5% of the total 

unemployed, thus making it the dominating group (Statistic South Africa, 20 18). 

Unemployed has been c lassified by numerous scholars as the worst out of the economic ills. 

Unemployment comes with cost at a soc ial and personal level. These cost' s cause severe 

financial hardship which is usually associated with poverty, increased debt, being without 

shelter, tensions within the fami ly, loss of confidence, negative psychological Oimpact and the 

worst of all being crime (McC le lland & Macdonald, 1998). 

There are many in-depth studies to the causes of unemployment, but a summary is that cyclical 

unemployment is caused by a deficit with regards to demand for labour. Structural 

unemployment may result from the advancement in technology coupled with outsourcing. 

Frictional unemployment is associated with voluntary unemployment, relocation of those 

employed, issues of accessing for the first time and re-entering after one had left. 

South Africa ranks among the countries with very high inequal ity and exclusion. This comes 

as the Gini-coefficient records 0.65 for the year 20 14, determined on expenditure data that had 

excluded tax. The 0.69% is determined with income data that included remuneration along with 

social grants. The wealthiest 20% of South Africans consume 65% contrary to the 3% 

consumed by the poor of the poorest of the total expenditure (The World Bank, 2018) 

Arguments have been levelled that: low income households in South Africa in particular, 

consume larger proportions of their income on energy as opposed to their more fortunate 

counterparts, thus an increase on energy prices due to carbon emission tax imposition would 

disproportionally affect their budgets (Consumer Goods Counci l of South Africa , 2014) 

(African Development Report, 20 12). Businesses are not immune to these effects as they 

become frustrated when having invested for domestic and global expansion, they also have to 

face the burden of increased energy costs that affect their bottom line which is often passed on 

to their consumers. (Jeffrey, 20 13) . Whom are currently shou ldering an increased VAT of 

15%, a regressive tax that weighs heavily on the poor. 
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1.2 PROBLEM STATEMENT 

The primary aim of the carbon tax emission bill is to ensure that the social cost of pollution is 

internalized by the polluting entity. This is one way of implementing the polluter pays 

principle. The principle states that, those who produce pollution must manage it. They have to, 

bear the cost of it and prevent environmental damage and its consequences to human health 

(Pearce, 1989). The assumption is that the carbon emission tax will be an instrument that will, 

in at least a cost-effective manner, assist the country in reducing GHG emissions and ensure 

that the nation meets its objectives of reducing carbon emission (The Davis Tax Committee, 

2015). This can be considered as an attempt to influence consumption and production through 

national policy. The National Treasury institute the tax in phases and in a gradual manner. The 

aim is to charge bio fuel input, to change production techniques and processes by influencing 

using a soft power approach within the economic context. Furthermore, the aim is to invest in 

energy efficient technologies that will certify low carbon emission so that households and firms 

take cognisance of the costs in their production investment and consumption decisions and not 

necessarily giving attention to the impact of employment in the process. 

Secondarily, the carbon tax raises revenue for the government. Government proposes to utilise 

this revenue to reduce other taxes, such as personal income tax and corporate tax, which would 

assist in boosting employment and investment through the revenue recycling effect (Parry, 

1997). The National Planning Commission (2011) noted that: "South Africa can manage the 

transition to low carbon economy at a pace consistent with government's public pledge without 

harming jobs or competiveness'', a claim objected by various scholars (Gerhard, 2012). As 

stated in the Davis Tax Committee 2015 Report, the National Treasury wou ld ensure minimal 

negative impact on the growth of the economy if the carbon emission tax is merged with 

revenue recycling. This is believed, will redirect the tax proceeds in the direction of productive 

investment sectors respectively. If the country ' s trade partners maintain constant prices and 

behaviour, the preferred tax incident will reduce absorption and employment at a percentage 

of 0.6 and 1.2 %, accordingly, by the year 2025. 

The sectors that have been identified to be excluded in the initial implementation of the tax are 

the Agricu lture, Forestry and other Land Use (AFLOLU) and waste sectors, due to 

measurement, monitoring and verification difficulties of non-combustion emissions in these 

sectors, thus sparring employment. Those less educated wi ll suffer job losses from the 

transition. This will have detrimental effects on the households that are dependent on their 

income and those educated will experience slower wage growth (Alton, et al. , 2012).Slower 

3 

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER



job creation will occur in industries that generally export, and in equally those that are carbon 

intensive such as mining , manufacturing, construction, trade and transportation (Gerhard, 

2012). 

The potential detriment of the carbon tax imposition could have far reaching consequences in 

South Africa as companies ' operational expenses will increase in the short run. The speculated 

consequence to that will be companies either shifting the tax burden to consumers or reducing 

their labour complement or both . This will not only be confined to the producer, but also to the 

suppliers of input materials used in production. A company such as Eskom generates electricity 

by the burning of coal supplied by mines. This implies the mines themselves might see a 

reduction in demand which will cause a reduction in supply and as such undesired consequence 

to their labour force. Carbon intense corporations will not be exempted for the tax. This will 

lead to lowered investor confidence and a reduced pace of industrialisation due to expenses 

and no available alternative technologies. 

As for the household, the imposition means prices will surely increase and strained will their 

household budgets be. Likely, the households might seek to move to substitute products, but 

this might not liberate their budgets much on the basis that even the production and 

transportation of substitutes comes with an emission of carbon emission (Grafstorm, 2009). 

The implication is that consumers will then seek to reduce spending (consumption), a direct 

detriment to the Gross Domestic Product (Steindel, 2001) .As such, the economy wi ll shrink 

as demand reduces, thus forcing an off load of labour. 

1.3 AIMS AND OBJECTIVES 

1.3.1 Aims 

The critical aim of this study is to investigate the impact of carbon em1ss1on tax on 

unemployment in the Republic of South Africa. The study should conclude if indeed these two 

variables have a relationship at all and if indeed one does exist, the study seeks to elucidate in 

detail the nature thereof. The South African National Treasury is to propose the bill of carbon 

tax to parliament after stakeholder participation (National Treasury, 2017). This also occurred 

after the minister of Energy Jeff Radebe signed IPP (Department of Energy, 2018) deals which 

was contested by unions on the basis it will cause job losses in the energy sector in particular, 

and the country in general thus touching on elements of the study. This implies, that the study 

will assist greatly in policy formulation and provide economic interpretation forecasting. 
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1.3.2 Objectives 

~ To examine the trends between carbon emission tax and unemployment in South Africa. 

~ To use the VAR methodology to analyse the nature of the relationship between 

unemployment, carbon tax and other hypothesised factors. 

~ To articulate relevant policy recommendations based on the empirical findings of the 

study. 

1.4 RESEARCH QUESTIONS 

~ Will Carbon Emission Tax lead to Unemployment in the Republic of South Africa? 

~ What will be the nature of the relationship between carbon emission tax on 

unemployment in the Republic of South Africa? 

~ What will be the policy recommendations derived from the results be? 

1.5 HYPOTHESIS OF THE STUDY 

The study will test the following hypothesis: 

Ho : There is no significant trend behaviour between carbon emission tax and 

unemployment in South Africa 

H1 : There is no significant relationship between carbon emission tax and unemployment 

during the period under study. 

1.6 SIGNIFICANCE OF THE STUDY 

The study is designed to assist South African policy makers in their process of policy 

derivation, primarily functionaries of the state in departments such as the National Treasury, 

Department of Energy and Department of Environmental Affairs. The study will assist labour 

unions that have constituents in the energy sectors and sectors that emit a lot of the country ' s 

carbon emission such as the National Union of Mine Workers and the National Union of 

Metalworkers of South Africa because any labour movement affects them directly. 

The study wi ll also assist in scho larly work as there has been little done to investigate carbon 

emission tax and its impact on employment in South Africa from an economic sciences 

perspective. The study will equally be used by the average South African to gain insight and 

understanding to this unprecedented policy proposition by Treasury and its impact on the 

layman. 
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The study will not only provide an economic explanation, but equally an econometric analysis. 

This will be conducted by means of a regression between carbon emission tax and 

unemployment. 

1.9 LIMITATIO S 

• South Africa lacks scholarly empirical literature on Carbon Emission Tax as it has not 

been levied as of yet. 

• The data from 1980-20 17 was collected and used in the study was secondary data. With 

Carbon Emission and Tax Revenue not having a full data set. 

• No econometric analysis has been conducted in South Africa to measure the regression 

of C02 and unemployment. 

1.10 LAYOUT OF STUDY 

This thesis consists of five chapters. Chapter one is the introduction and background of the 

study, providing the problem statement and aims. Chapter two comprises the literature review 

separated into theoretical and empirical literature relevant to the topic. Chapter three is the 

presentation of the methodology of the study and explanation of variables used. Chapter four 

engages regressions of the study, reports, interprets and discusses the results. Chapter five 

presents a general discussion of variables, a summary of the whole study and findings; a 

conclusion drawn from the results of the study and recommendations are made subject to the 

results obtained from the study. 
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CHAPTER TWO 

LITERATURE REV IEW 

2. INTRODUCTION 

This chapter delves into the theory and the empirical findings re levant to understand ing 

unemployment and carbon emission tax, the primary variables of the study. The chapter looks 

at the variables in line with other determinants. Furthermore, the chapter investigates the 

concept, causes and consequences of unemployment and the outcomes and nature of C02 tax 

from the nations that have it levied. Various unemployment theories are presented in this 

chapter for better theoretical economic understanding of the concept. The theories pit 

unemployment against output, full employment, wages, and supply of labour and general 

demand supply. These are important in understanding the impact a C02 will have on 

unemployment. 

2.1 CONCEPTUAL PRELIMINARIES OF UNEMPLOYME T 

Unemployment is a well-known concept which is rather popular and known by people of 

various and diverse nationalities. The unemployment rate has established itself over the time 

as a reliable economic indicator (Cain, 1979), and as a means of diagnosing the health of a 

nations ' economy and as a guide and influencer of economic policy. To the laymen, 

unemployment can be defined in general and simple terms, but the economic defin ition is much 

more complex. This is a result of numerous groupings such as: the employed, unemployed or 

those simply out of the labour force by weighing various considerations. It was in the year 

1954 when the International Labour Organisation (!LO) derived a standard defin ition of 

unemployment, which then came to the assistance of the nations of the world to categorise 

individuals between the employed and unemployed. In accordance to the !LO derived 

definition of unemployment, for an individual to be c lassified as unemployed, they must either 

be: I) without work; ii) currently ava ilable for work; iii) seeking work. 

The definition was later rephrased at the International Conference of Labour Statisticians 

(ICLS). The initial definition of unemployment demonstrated high levels of rigidity and 

dismally failed to capture the existing conditions of employment in a lot of countries. The 

definitions did not do justice to capture the unconventional mean ings of employment seeking, 

which was seen as being of little importance, in situations where the labour market is 

significantly unorganised or of limited scope, labour absorption insufficient or rather, where 

the labour force is largely self-employed (Hussmanns, 1990). 
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Ever since from then, developed and equally developing nations of the world have subscribed 

to this definition in one way or another. Kuper and Kuper (1996) defined unemployment as: 

Not employed, available and job hunting. Dwivedi (2005) defined unemployment as: An 

individual who is willing and able to work at the prevailing wage rate but cannot find a job. 

Dwivedi later redefined the initial definition of unemployment to: Unemployment, the gap 

between full employment and the number of employed individuals. This occurred after the 

realisation that the initial definition was ambiguous from a policy perspective in that it failed 

to specify individuals who should not be included in the category of job seekers. 

2.2 THEORETICAL REVIEW 

This chapter reviews the theories that speak to unemployment. These theories are: Okun ' s Law, 

Classical Theory, Keynesian Theory, Monetary Theory, Coase Theorem, Pigou ' s Theory of 

Unemployment and the theory of demand and supply. 

2.2 .1 OKUN ' S LAW 

In the year 1962, Arthur Okun documented his observation of the relationship that existed 

between unemployment and output. Okun detected an inverse short run relationship between 

unemployment and output (Ball, et al. , 2013). As named after its founder, Okun ' s Law held 

true in numerous nations and many studies have testified to this finding hence, it is deemed 

highly in some of the most reliable works in the sphere of macro-economics. 

Okun ' s Law was defined by O ' Hara ( 1999) as a rigid relationship between unemployment rate 

annual change and the growth rate of the real gross nat ional product. Okun asserted that the 

gain or loss of the real GDP in relation with a drop or increase of unemployment ofa percentage 

point above or below four percent to be three percent of the United States of America ' s (USA) 

between the period of 194 7-1960. The relation known and labelled as the Okun coefficient 

(Kennedy, 2000) stated that Okun ' s Law is a measure of the gap in output. lt indicates that 

negative implies loss of actual output and positive implies a boom, which signals that the 

economy produces over the full employment output. 

Okun developed a method in which output and unemployment can be expressed by different 

methods being: I) the correlation of variations in the unemployment rate with that of the growth 

rates of real GDP.ii) Unemployment rates with potential deviations from GNP. iii) Utilisation 

of constant ration assumption between the actual and potential GNP, with a potential growth 

rate of actual GDP. The initial estimation method is fairly simplified. The combination of 
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method ii) and iii) needs assumptions related to the development potential of the Gross National 

Product (GNP) or the stationary rate of inflation of unemployment (Stockhammer, 2000) 

(O'Hara, 1999). Barreto and Howland (1993) stated that, Okun presented a compelling debate 

of the high cost associated with unemployment by using the following three methods ofrelating 

output to the employment rate and equally weighing of coefficient estimates to derive the 

equation: 

P = A[l+0.032(U -4)] (2.1) 

-where: P is the potential output, A is the actual output and U is the unemployment rate. 

Krugman and Wells (2006) gave an explanation on the unemployment rate sensitivity to 

fluctuations in real GDP around its long run trend. Smaller are the unemployment fluctuations 

in relation to the corresponding changes in GDP output gaps. Okun has originally estimated 

that an increase in real GDP of a percent above potential output would provoke a fall in 

unemployment at half a percentage. Currently, speculations on Okun ' s Law are that the 

negative relations between the output gap and unemployment rate concludes that an increase 

in output gap of a percentage point leads to the reduction of the unemployment rate by half a 

percentage point. Therefore, the modernised version of Okun ' s Law is presented as such: 

Unemployment rate= natural rate of unemployment- (0.5 x Output gap) 

Even though Okun ' s Law was widely deemed as a reliable and stable relationship, it provoked 

questions as to whether it was means to achieve an outcome or was the outcome itself. O'Hara, 

(1999) argued that Okun ' s Law omitted other variables that impact unemployment and output. 

These are variables such as investment, technological innovations and endogenous technical 

progression. This led to varied versions of Okun ' s Law from the original. The initial version 

of Okun ' s Law stipulated the changes in the unemployment rate from a single quarter to the 

next in the unemployment rate from a single quarter to the next and the down movement of 

quarterly growth rate in the real output. The second version, also known as the gap version, 

connected the unemployment level to the gap between potential and actual output. The third 

version, the dynamic version, reflects some similarities to the initial version. The fourth and 

last version depicts the production function version, which is the combination of the theoretical 

production function with the gap version of Okun 's Law (Knotek, 2007). 

The third version, being the dynamic version, is more expressive as it has more independents 

variables which includes current and past output growth and historic changes of the 
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unemployment rate, hence it is the most favoured by economists (Knotek, 2007). The empirical 

dynamic version function is expressed as: 

!::.µ1={Jo+{J1 ayt +{J2ayt -2 +{JJayt-2 + {14 !::. µ1-1 + {Js !::.µ1-2 

Where: 

!::.µ1-1 is the first lag of the unemployment rate 

!::.µ1-2 is the second lag of the unemployment rate 

ayr-1 is the first lag of GDP growth 

ayr-2 is the second lag of GDP growth 

(2.2) 

According to Prachowny(l 993),0kun ' s Law is accepted not as a theory but rather as an 

empirical regularity due to it being founded on observation rather than an outcome of from 

theory. 

2.2.2 THE CLASSICAL THEORY OF UNEMPLOYMENT 

The Classical Theory of Unemployment states that full employment in an economy which has 

a capitalist regime is quite a normal occurrence. This implies that general unemployment in a 

capitalist economy cannot exist. According to the view of Classical economists, full 

employment guarantees that actual output will equal potential output. The equilibrium level of 

output thus coincides with full employment. The classical perspective is that total production 

is at all times enough to maintain the economy at the level of full employment in a free market 

economy. Classical economists believe that unemployment is a temporary situation. The 

existence of unemployment results in a wage decreases. The wage rate decrease implies 

profitable employment of labour, which then leads to increased demand for labour and a 

decrease and eventual disappearance of unemployment. What remains critical to note is that 

classical economists recognised the occurrence of voluntary and frictional unemployment in 

the state of full employment (Dwivedi, 20 I 0). 

The Classical Theory of unemployment was derived from Say' s law of markets and the 

flexibility wages, the interest rate and market prices. Say' s law stipulates that supply creates 

its own demand. This simply implies that, the quantity produced will be the quantity sold 

(demanded). Producers must only place focus on production and worry not about sales for the 

goods produced. If demand decreases, price decreases and supply will decrease in line. If 
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supply reduces, the price thereof will follow suite and production will reduce. Should the 

production reduction be a cause of unemployment, money wage will drop, and the drop will 

subsequently cause an increase in labour demand thus equate its supp ly. Due to this, 

unemployment will disappear, and re-estab lishment of the full employment situation wi ll occur 

(Jain & Khanna, 2010) 

Classical Theory states that the unemployment level can be associated and detected by the 

equilibrium of the demand and supply (Jain & Khanna, 2010) 

• Labour Demand: In an economy labour is demanded because of productivity. Labour is 

demanded up to the extent that its marginal revenue productivity is equal to its wage; 

W=MRP==P x MPP or WIP=MPP 

where: 

W is the money wage 

P is the price level 

MRP is the marginal revenue of productivity 

MPP is the marginal physical productivity 

W IP is the real wage 

(2.3) 

•Labour Supply: Labour supply is defined as the number of individuals prepared to provide 

labour at a certain wage rate. A positive relationship between labour supply implies that an 

increase in real wages will result in an increase in supply and vice versa. 

The employment level comes as a result of the interaction between supply and demand . 

Equilibrium is reached where demand and supply cut across each other, at the intersection. 

Classical economists believed that equilibrium is a result of full employment. 

2.2 .3 THE KEYNESIAN THEORY 

John Maynard Keynes 's take came at odds with classical economics. Keynes began his work 

by contesting the class ical economics view with what he described as a "special case", 

attributes that he believed did not reflect our current economic reality in society (Knights, 

2011). Keynes then further formulated a theory that he believed captured our current capitalist 

economic reality termed The Postulates of Classical Economics (Asimakopu los, 1991 ). 
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The General Theory by Keynes ' second chapter was introduced with an assumption that the 

nominal wage was constant, which was an attempt at a simplified argument. Keynes expressed 

that the basis of his argument was the same whether or not money wages were subject to 

change. The Keynesian Theory perceived nominal wages as a rule, a function, fluctuating with 

the fluctuations in employment and output. According to Keynes, a decrease in nominal wages 

does not imply a decrease in real wages as assumed by classical economists. In the broader 

economic context, a reduction in the nominal wage without a drop in prices implies what is 

called" fallacy of composition", in such a case, reduction in nominal wage will not result in 

unemployment reduction because the wage level would by and large remain unaffected. In 

general terms, changes in the nominal wage will result in yield compound influences on output 

and employment which is difficult to generate (Meccheri , 2005). 

Keynes analyses is void ofa critical component being the rate of equilibrium of unemployment 

with regards to an unemployment rate equating income claims in regard to unemployment 

being derived from the equilibrium on the goods market. The short run analysis is that 

investment or rather autonomous expenditures are exogenously expressed and equally 

determine output which adjusts in a manner that investment is equal to savings (Einbond, 

1995). 

It should be noted that investment is not the sole determinant that affects the equilibrium level 

of employment, but it is regarded a highly important factor due to its strong influence on 

income and because it's volatile nature of changing suddenly (Einbond, 1995). 

Einbond continued to explain that employment is a determinate of two factors; being 

investment, which in turn affects the total income of the community and the sum of the 

community's consumption and its investment. Keynes labelled the relationship between the 

number employed and total income as the aggregate supply function, presented mathematically 

as Z = f (N): Z stands for aggregate supply. standing for the number employed. There is a 

single value for which total income equals the sum of consumption and investment, this point 

is where equilibrium level is reached (Einbond, 1995). 

Asimakopulos(1991) stated that Keynes validated the point that unemployment could be an 

equilibrium phenomenon, that the economy could have net forces to increase the 

unemployment level despite workers wanting to supply additional labour at existing real wage 

rates. In such a case, equilibrium will be in a position of rest. Contrary, firms output, 

consumption and investment expenditures by households and firms would all be in chosen 
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positions as a temporary disequilibrium occurrence, a result of cyclical disturbances which 

Keynes heavily threatened. 

With the conclusion of his analyses on the phenomenon of unemployment, Keynes made a 

conclusion that unemployment's main cause was aggregate demand deficiency. Keynes 

therefor, made a diagnosis that unemployment could be decreased and removed by the increase 

of aggregate demand. Aggregate demand has three components, which are: a) Demand for 

consumption goods, b) demand for investment goods and c) expenditure by the government. 

Keynes was of the view that the government must intervene and play a role in the economy as 

that would assist in the combating of unemployment and attracting the objective of full 

employment (Jain & Khanna, 2010). 

2.2.4 NEOCLASSICAL THEORY (MONETARISM) 

Milton Friedman gave the interpretation of the General Theory as a market clearing model 

which states that an increase in the nominal wages gives rise to the increase in the amount of 

labour supplied as they fail to differentiate between a changes in nominal wages with that of 

real wages (Garrison, 1984). It was because of this that a counter unemployment theory, 

popularly known as the Monetarist Theory, was developed for unemployment. Milton 

Friedman expressed unemployment to be the difference between labour supply and demand. 

Standard economic theory declares households and firms to make decisions based supply and 

demand of labour on real wages and not on nominal wages. The implication is that real wages 

rise where there is excess demand for labour and fall where there is excess supply (Gottschalk, 

2002) 

Monetary theory describes real wages as money wages that have been adjusted for post 

inflation ( Economics Help, 2017). The natural rate of unemployment materialises when firms 

and workers correctly estimate prices and as such real wages. Workers would refuse to work 

longer hours as a reaction to an increase in money wages yet no increase in real wages. If the 

cost of production increases at the same rate as the selling price, firms will be unwilling to 

produce more stock. 

According to the theory by Friedman , the natural rate of unemployment is a result of all real 

conditions affecting the supply and demand for labour. According to Chemomas( 1983), the 

natural rate of unemployment as the equilibrium in the labour market, a point where there is no 

excess supply nor demand in the aggregate for labour. This includes exogenous factors such as 
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unionisation, women proportion m the workforce, minimum wage legalisation, level of 

education among workers and so forth . Friedman cited that in the short run, the natural 

unemployment rate maybe lower or higher in contrast to the rate of unemployment (Ekelund 

& Herbert, 2013). 

Errors in the expectations of the level of price and therefore real wages are a cause of deviations 

from the natural rate of unemployment. Government expenditure creates demand which then 

leads to unexpected changes in the price, thus causing real wage to be lowered and thereby 

driving unemployment below the natural rate. Unemployment is pushed below the natural rate 

by an excess in demand. An upward pressure on wages is a result of excess employment 

produced, thus removing the higher rate of employment and equally any real long run change 

in output. The sustenance of this level of employment is subject to the government ' s fast 

trading demand and inflation if the labourers continue in their perception of real wage 

(Chemomas, 1983) 

An assumption of the Monetarist theory is that the level offull employment could be obtained, 

and unemployment eradicated by changing the money supply (Jain & Khanna, 2010). 

Monetarists place particular emphasis on the importance of money in macroeconomics on the 

basis of its temporary effects on output and employment levels or because in the long run, 

money supply fluctuations had effect only on the price level. The theory also states that the 

money velocity is constant hence any changes in money supply has direct influence on the 

aggregate demand . The Monetarist theory places more importance on the monetary policy than 

it does on fiscal policy. 

Monetarists, like Keynesians, give little significance to labour markets and equally to the role 

of wages in unemployment determination. A majority of monetarists hold a view that any 

unemployment creates imbalances that would most likely have its origin in the monetary 

disturbances. For example, a money supply decrease would result in prices and money wages 

unchanged, a raise in the real wages and thus accelerate the problem of unemployment (Vedder 

& Gallaway, 1997) 

2.2.5 PIGOU ' S THEORY OF UNEMPLOYMENT 

Great Britain was in an economic down turn in the I 920 ' s and as a reaction to that Prof AC 

Pigou authored the Theory of Unemployment in 1933. Pigou subscribed to the Classical Theory 

which states that labour was underutilised in Great Britain because it was expensive (Ventelou, 
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2005). The view that Pigou had was that the monetary of fiscal policy could indeed be utilised 

in the moderation of industrial fluctuations, and that the rate of plasticity of the rate of wages 

could ensure full employment. That then means that the significant item of the theory of 

unemployment was the elasticity of the real demand curve for labour, which was claimed to be 

large by Pigou (Collard, 2011). It was Pigou's belief that the labour market was at the centre 

of unemployment and the cause being extremely high wages. 

In Pigou's Theory of Unemployment, an assertion was made that the level would be ascertained 

in the difference between aggregate supply and demand for labour at any wage rate. The 

proposition made by the theory of unemployment by Pigou, states that the size of labour as 

represented by the supply curve does not speak to the wages even though on an individual basis 

there can be labour supply curves which could be sloped upwards or backwards and therefore 

could be treated as vertical. Labour demand is downward slopping and depends on labours 

marginal product. The supply of labour has always been superior to demand for labour, 

therefore meaning unemployment becomes subjected to wage movements and labour demand 

(Ahiakpor, 1998). 

Sweezy (1934) classified the theory of unemployment in relation to a modified wage fund 

doctrine. The theory of unemployment divides the economy into two; being the industries that 

produce wage goods and non-wage goods. A typical wage good industry is the export industry 

on the basis that the goods produced are produced by way of exchange. Wage goods funds as 

defined as the quantity of wage goods obtainable for payment as wages, can be changed in the 

short period of time, making it flexible for subtractions from stocks and prevention of wage 

goods consumption by non-wage earners. These mechanisms can be exchanged to change the 

wage goods fund in the short run as well as increase output from the wage good industry. This 

system seemed to decrease the actual demand for labour in periods set apart to dependence 

upon a relatively smaller quantity and easily organised set of factors. 

The amount of labour that maybe demanded can be determined together with the demand 

elasticity for minor changes in the real wage rate, with a wage rate given and the supply of 

labour equally given. This is basically the schematic background of dealing with demand for 

labour in the aggregate. It displayed four major concepts. All these major concepts seemed to 

be open to serious criticism (Sweezy, 1934). The four major concepts were: I) Wage and non­

wage goods ii) Wage and non-wage good industries iii) the short period IV) Period of 

production based on wage goods. 
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Over and above separating industries into wage goods and non-wage goods industries, Pigou 

went on to separate industries producing wage goods at home and in creating exports, the sale 

which generates claims to wage goods abroad. Pigou ' s assumption stated that x men to be 

employed in the first and y men to be employed in the second. The output in value of wage 

goods of the x-men is termed as fix) and the general wage rate ' s asf'x. This implies that, even 

though unstated, it was equal to thinking that marginal wage cost is equal to marginal prime 

cost. He went further to state x + y =f(x), thus implying that the x employed men in the wage 

goods industries is a sum total function of employed. Pigou further expressed that the elasticity 

of the real demand for labour in the aggregate could be written as: 

E,. = [f'(x)/ f (x)}. [F'(x)/ F"(x)} (2.4) 

where: 

E,. = [f (x)/ f (x)}.[F' (x)/ F" (x)] 

-Output value of wage goods industries in terms of the wage unit. 

Coll ard (201 1) stated that Pigous Unemployment Theory provoked mixed emotions, where as 

to others it was a work of pure genius and the best book authored in an era, yet this theory did 

not come without its fair share of criticism. Keynes in his criticism of Pigou ' s Theory of 

Unemployment labelled it as no different to the Classical Theory of Unemployment, which he 

was equally outspoken in criticising (Collard, 2011 ). 

2.2.6 COASE THEOREM 

According Coase (1960), if property rights are put in place and properly defined within an 

economy, then various economic actors will attempt to bargain for the right in order to use it. 

This will be done with the intent to reach a solution of mutual benefit and the resource usage 

will then be maximised . Coase states that it is irrelevant who has ownership of property rights 

as economic efficiency will be achieved either way. In order for the Coase theorem to function, 

two assumptions have to be meet: The marginal cost and marginal benefit of those participating 

must be disclosed. Second, transaction cost should not be in the bargaining. 

Nicholson (2004) illustrated by means of an example of two firms, being firm X and firm Y. 

In the illustration by Nicholson firm Xis allocated Xt rights to produce and thus pollute. It is 

upon the firm to decide whether to use those rights for production, captured as Xo or make a 

sale to firm Y, with the amount earned being given as Xt - Xo. Firm X' s gross profit would be 

illustrated by this profit function (equation) : 
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(2.5) 

The equation for firm Y being: 

Profit maximisation will conclude with an equal solution for firm X and firm Y regardless 

which firm holds the rights. 

Coase highlights that the common economics approach with the assumption that there are no 

transaction costs is unrealistic. The meaning of this, Coase explains, is that whoever wants to 

engage in market transactions must identify information with those they wish to transact with 

and what to transact on, therefore there must be contracts drafted. 

What Coase implies is that an alternative solution to individuals engaging in bargaining by 

themselves must cease and the state intervenes, playing a role of a somewhat supper firm. This 

he believes is because of its ability to influence factors of production through the decisions it 

makes in terms of policy formulation and regulation, such as the imposition of tax to change 

behaviour. The state can make decisions that eliminate free riders due to its reach and influence 

on the people and country. Coase made an example of a big factory emitting pollution since it 

had the rights and many property owners paying them to reduce their pollution, with some 

households refusing or underplaying with intent to get a lesser charge. 

Coase theory would be impossible to implement in an effort to reduce carbon emissions as 

everyone can emit without paying a cent to the damaged caused to others. 

2.2.7 DEMAND AND SUPPLY 

There are numerous factors affecting the pricing of a product or service. Demand is generally 

determined from the price of a good or service with the price of substitute being of equal 

importance. The quantity of a good or service decreases as the price increases, this is 

summarised as the law of demand. Two pivotal reasons explain this: i) the effect of income and 

ii) the substitution effect. Usually when the prices of goods increase, the relative wages of 

people generally remain the same or decrease. This makes people feel poorer as they cannot 

consume as they wish or use as they used too. An increase in the price of a good with the 
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relative price of another decreases, this is known as the substitution effect, with people altering 

their consumption mix (Sloman, 2003). 

Factors affecting demand can be mathematically specified in the demand function. This 

function provides the description of the relative factor of all individual factors. A graphical 

description can be derived for the demand function , which is known as the demand curve. 

Similar practice can be used to derive the supply curve. At a given price, the curves show what 

is demanded at what quanti ty can be supplied with all things held constant, where the two 

slopes cut through each other, that point of intersection point is known as real quantity 

demanded and its revealed. 

Carbon dioxide cannot be demanded, but it is an external ity of demand as to manufacture 

products and at times the provision of goods comes with the burning of fossil fuels, hence a 

carbon tax will impact demand and supply of goods and services. 

2.3 EMPIRICAL LITERATU RE REVI EW 

This section of the study will be broken into two parts being the empirical literature review of 

developed (industrialised) and developing nations. 

It has to be understood that South Africa is the only country on the continent of Africa to have 

carbon tax scheduled for implementation on the first of June2019 (Mboweni, 2018). The Ivory 

Coast is considering carbon tax. It is only the developing countries outside the continent which 

have actually implemented carbon tax. The rest that have implemented it are developed 

countries from predominately the Nordic region of Europe, with Poland and Finland having 

implemented it in 1990 (The World Bank , 20 18) making them joint first at implementation. A 

general view has been adopted to review the empirical studies concerned. 

The distributional effect of a carbon tax should be viewed on one side between the citizens of 

a country; specifically among the poor and rich families, rural and urban dwellers. The other 

side is the comparison of developed (industrialised) countries and developing countries, with 

an abundance of empirical research coming from industrialised as opposed to the handful from 

developing countries and those on transition. These countries have conducted an analysis on 

the distributional effects of environmental policies. 

According to OEC D (1994), apparent and distributional indissoluble matters should be 

reflected by the distributional effect: The environment should benefit and the efficiency 
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thereof. Second to that is the fin ancial implicati ons as to who will pay more and who w ill pay 

less? Undoubtedly the environment would benefit from a reduction in greenhouse gases (G HG) 

emissions which carbon tax can ass ist (Kamm, 20 11 ) 

2.3. 1 EM PIRI CAL STUDIES FROM I DUSTR IALI SED COU T RI ES 

One of the earliest traceable study was by Poterba ( 1991 ) on American households. Poterba 

sought to investigate if the gaso line tax was regressive. In pursuit of thi s, it was equa lly 

concluded that the tax is regress ive as larger fractions of expenditure fo r low-income 

households was larger than middle- or high-income households. Therefore, Poterba proposed 

the creation of offsetting changes in transfer programmes or other taxes in order to lessen the 

burden on struggling low income households having to spend more of the ir income on fuel , 

electricity and gas contrary to thei r counter parts on the oppos ite s ide on the income spectrum. 

Pearson and Smith ( 1991 ) equa lly conducted a study that investi gated the European carbon tax, 

i.e., the d istributional effects of carbon d ioxide taxation on European countries. The tax would 

be a combinati on of a tax lev ied on the carbon content of all foss il fue ls, fo llowed by a tax 

levied on all non-renewable fo rm s of energy. The result reached was that the burden of the 

carbon dioxide tax was weakly related to income. In other words, it was slightly regressive, 

contrary to countries such as Ire land and the Uni ted Kingdom. 

A study by Forstorp (201 5) sought to investigate if a green economy can be achieved th rough 

carbon taxation as a means to achieve sustainable deve lopment as outlined by the Uni ted 

ations Conference fo r Sustai nable Development (U CSD) in the year 20 12.This was to, also 

increase how and the extent to which carbon tax can be a vehicle to greener economics in 

Europe ' s Nordic countries, which were the first to implement carbon taxes. The study 

conducted a horizonta l review accord ing to ten ind icators that measure green economies with 

the inclusion of energy intensity, carbon and emission intens ity fo r the period 1990-20 12. The 

study conc luded that a green economy cannot be so le ly attributed or achieved just by carbon 

taxes. Other facto rs have an influence such as the portfo lio of policy instruments, weather 

patterns, economic deve lopment and technologica l a lternati ves. The thesis equal ly di scovered 

that the carbon tax is regress ive with the competitiveness of industry remaining not frustrated, 

yet the study al so found that after a review of sustainability reports and interviews with energy 

managers from leading companies, carbon taxati on and other carbon pric ing mechani sms had 

limited effect on the mitigation of carbon diox ide emissions. 
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Grafstrom(2009) conducted a study ai med to investigate the carbon dioxide emission tax in 

Sweden with the intent to investigate its relation to emi ssion level. The thes is used Supply and 

Demand, Coase Theorem, The Kuznet Curve and the Internalization of Externalities as its 

theoretical fram ework. The study ran an Ordinary Least Sq uares (OLS) technique analysis on 

tax, emission levels and the development of gross domestic product variab les. The study found 

that households are the main sou rce of carbon dioxide emissions in the non-trading sector. It 

a lso foun d that when a tax is im posed on a firm , the firm can raise the price of its product(s) 

and by charging more it does not have to carry the full burden of the tax themselves. Most 

households consume most of the ir income on items such as e lectricity, gaso line and heat ing, 

and therefore a tax imposition will affect their consumption behaviour, wi th househo lds paying 

half of the taxes collected by the state. 

T he thesis found that the household sector demonstrated a decline in emi ssions due to tax 

imposition in the regression . Thi s meant the sector that is the dom inant sector among those 

taxed showed that the policy had effect as per the regression results. Em iss ions cou ld have 

fallen without the tax lev ied since on the aggregated leve l outcomes in the regression disp layed 

the opposite. One assumption of low reduction per percent of tax increase is the point that tax 

is not directly visib le to the consumer when making purchases, and it a lso being levied on 

substitute products I imits the consumer. The study fo und the tax did assist in the change of 

behaviour due to em iss ion reduction. Grafstr6m(2009) found that C02 tax in Sweden was 

regressive, with low income households paying bigger portions as opposed to high income 

households, where low income households paying 0.8% of the ir di sposab le income on tax and 

0.3% for high income households. 

Generally industrial ised countries demonstrate a regressive tax. 

2.3.2 EMPIRICAL REV IEW FROM DEVELO PI NG COU T RI ES 

One of the earliest recorded studies conducted on developing countri es was by Shah and Larsen 

(1992) when they investigated carbon taxes, the greenhouse effect and developing countries. 

Shah and Larsen in their analys is inc luded amongst other things, the distributional effect of 

C02 taxes in developing countries, the potential of revenue and efficiency thereof. Ind ia, 

Pakistan and Indonesia were inc luded despite the fact that the analysis was on ly on Pakistan. 

In an attempt to show the distributional effects, an ana lysis was made to differentiate between 
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-full forward sh ifti ng, complete absence of forward shi fting and partial forward shifting. 

Forward shifting practica lly means that tax price is complete ly translated into consumer 

pricing. The conclusion was that the burden of the tax decreased as income increased therefor 

displaying characteri st ics of regression on the tax incidence. 

Boyce, et al (2005) conducted a study to investigate distributi onal impact of carbon taxes in 

the People ' s Republic of China. The outcomes were at odds with those found in the majority 

of studies conducted in developed nations with regards to carbon emission taxes as the carbon 

emission tax was progressive, as opposed to be ing regressive. They showed that low income 

household paid 2.1 % in relation to their total household expense and hi gh-income households 

paid 3.2%. This was suggested to be due to the fact that the patterns of expenditure on items 

such as transportation, house heating, industrial goods and the use of bio fuels were high for 

high income households as they bought hi gh carbon intense products as opposed to their poorer 

counterparts. 

Contrary to the Boyce, et al study, Corong (2007) sought to look into what would be the 

potential impact of carbon emission tax both on the economy and the live lihood of the c itizens 

of the Philippines, thus assed the economic and poverty outcomes of an autonomous deduction 

of carbon in the Philippines. The outcomes of levy ing a carbon tax, even small, caused a 

reduction of income and a slight increase in the cou ntry ' s poverty level. 

Yusuf and Resosudarm (2007) discovered that in Indonesia the carbon tax would not 

necessarily be regressive. Instead the carbon abatement policy demonstrated to be highly 

progressive and equally robust due to mu ltiple a lternative recycling schemes in the rural parts 

of the country. In the urban parts of Indonesia it appeared to be neutral or slightly progressive, 

with a general nat ionw ide distribution effect being progressive, with ineq uality indicators 

refl ecting accordingly. The detai l in the findings is the fact that the populat ion worki ng in rural 

areas engaged less on energy intensive surroundings, as most worked as unskilled farmers. As 

a consequence, the intent to achieve growth in the distr ibutional effect, increases in rural areas 

that have less energy intense industries would be a prerequisite for an acceptable solution to 

the state. This wou ld require the country to remain in a phase of development in its growth . 

A lot of the di scussed deve lop ing countries demonstrate a progressive tax regime on carbon 

emission . 
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2.3.3 CONCLUSIO 

The results for developing countries with dominating agricu ltural sectors, differ from 

developing countries that have higher energy-intensive sectors and least agricultural active 

sectors. In those countries the distributional effect maybe similar to the effect witnessed in 

developed countries; which is generally regressive in character. 

Therefore, the positive result of C02 tax would be a drop in poverty, specifically in the rural 

areas. This is proved correct with regards to revenue from carbon tax being reversed back in 

terms of uniform lump-sum transfers. 

The Indonesian study of the effect of carbon taxation was a progressive step in the correct 

direction. It is believed that other countries in that phase of development will follow this 

positive precedence and investigate the effect a C02 tax would have on their citizens, especially 

on more poor households. If it yie lds positive returns as witnessed in Indonesia, governments 

cou ld consider the development and introduction of such a C02 tax. 

22 

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER



CHAPTER 3 

METHODOLOGY 

3. 1 INTRODUCTION 

Chapter three lays out the study's methodological structure which includes data analysis, model 

specification and definitions of variables utilised. The theoretical reference outlined in chapter 

three is used as a guide for analysis. The exp lanations of the variables as wel l as the type of the 

data to be used are described. Stationarity testing procedure and Vector Auto Regressive 

(VAR) estimation technique are used, followed by diagnostic tests to evaluate the estimated 

VAR mode l. 

Chapter one highlighted the fundamental objectives of this study for which their relevant 

techniques and procedures are introduced in this chapter. To analyse the impacts of current 

account deficit and the effect of exchange rate and trade openness on econom ic growth, VAR 

technique was employed. 

3.2 DATA ANALYSIS 

Yearly secondary data collected from South African Reserve Bank (SARB) and The World 

Bank was used in this study. The sample period is from 1980-2017 yearly. The variables for 

which the data were sourced for are Gross Domestic Product (GDP), Tax (TAX), 

Unemployment (UNE), Foreign Direct Investment (FDI), Consumer Consumption (CCT) and 

Electric Power Consumption. Data for Unemployment (UNE) for the year 1980-1993, Carbon 

Dioxide Em ission (CDE) for the year 2015-20 17 and Tax(T AX) 2017 is missing therefore none 

was collected during those periods. 

Table 3.1 Summary of all key variables 

Variable Abbreviation Measure Frequency Data Source 

Gross Domestic GDP Percentage Yearly World Bank 

Product 
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Tax TAX Percentage Yearly World Bank 

Carbon Dioxide CDE Units Yearly World Bank 

Emission 

Yearly 

Unemployment UNE Percentage World Bank 

Foreign Direct 

Investment 
FD! Percentage Yearly World Bank 

Consumer CCT Percentage 

Consumption 
Yearly South African 

Reserve Bank 

Electrical Power EPC Units Yearly South African 

Consumption Reserve Bank 

3.3 MODEL SPEC IFICATION 

Grafstrom (2010) conducted a study to investigate the effect of Swedish carbon dioxide tax (an 

econometric analysis) using a linear regress ion model over the period of 1985 to 2008. The 

following model was utilized in the study ... 

ln(E)t = 80 + 81 LnTt + 82 LnQt + 83 LnUt +et .................... . ... ........ . ... (3 .1) 

where E denotes C02 emissions, T represents tax, Q real GDP growth rate and U represents 

dummy variable. Th is study adopts the model presented by eq uation 4. 1. However, the model 

is modified by adding additional four key variables and discarding the dummy variable. 

Furthermore, the dependent variable has a lso been changed from carbon dioxide em iss ions to 

unemployment in this study. Hence the fo llowing equation presents the fundamental model of 

thi s study . . . 
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UNE = f(GDP, TAX, CDE, FD!, CCT, EPC) . ..... ...... . ... . ........... . ... ... . ... (3.2) 

where UNE denotes unemployment as a total percentage of total labour force, GDP denotes 

real Gross Domestic Product growth rate, TAX denotes tax revenue, COE denotes Carbon 

Dioxide Emission, FO i denotes Foreign Direct Investment outflows, CCT denotes Consumer 

Consumption at constant prices and EPC denotes Electrical Power Consumption (Housing, 

water, electricity, gas and other fuels) 

CCT and EPC measurement scales are not in percentage. Therefore, they are supposed to be 

logged. Hence, the following equation represents the fundamental model to be estimated in this 

study ... 

UNE = f(GDP, TAX, CDE, FD!, LCCT, LEPC) .. . ................................... (3 .3) 

where UNE denotes unemployment as a total percentage of tota l labour force, GDP denotes 

real Gross Domestic Product growth rate, TAX denotes tax revenue, COE denotes Carbon 

Dioxide Emission, FOi denotes Foreign Direct Investment outflows, LCCT denotes logged 

Consumer Consumption at constant prices and LEPC denotes logged Electrical Power 

Consumption (Housing, water, e lectricity, gas and other fuels. 

3.4 DEFINITIONS AND EXPECTED THEORETICAL RELATIONS OF VARIABLES 

3.4. 1 Unemployment rate - % of total labour force (UN E) 

The unemployment rate can be defined variously, i.e. either the national definition, the 

International Labour Organisation (ILO) harmonized definition, or the OECD harmonized 

definition. The OECD harmonized unemployment rate provides the number of unemployed 

persons as a percentage of the labour force , which is the total number of people employed and 

unemployed. As defined by the ILO, unemployed workers are those who are currently not 

working but are willing and able to work for income, currently available to work, and have 

actively searched for work (The World Bank, 2018) . Unemployment is treated as the dependent 

variable in this study. 

3.4.2 Real Gross Domestic Product (GDP) 

Real GDP is an inflation adjusted estimation of economic output. It represents the total national 

output as if prices never went up or down, which gives a more practical evaluation of growth. 
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There are four main components of GDP which are private consumption, investment, 

government expenditure and net exports. Private consumption is the most essential driver of 

GDP growth. 

Real Gross Domestic Product is expected to have a theoretically negative relationship with 

unemployment, that is an increase in one variable wi ll lead to a decrease in another as described 

in Okun ' s Law (Podgorska & Lesniowska-Gontarz, 20 16). 

3.4.3 Tax -Tax Revenue (Tax) [Proxy variable to Carbon Tax] 

Taxes are involuntary charges levied on individuals or firms and enforced and regulated by a 

government entity, in South Africa being the South African Receiver of Revenue (SARS). The 

taxes collected by SARS are used to finance government activities such as social welfare, 

education and health. In econom ics, taxes are incurred by whomever pays the burden of the 

tax, whether this is the entity being taxed or a person. 

Considering the fact that carbon tax has not been levied by the government, tax will serve as a 

proxy variable with intent to analyse the likely relationship between unemployment and carbon 

emission tax once imposed 

The expected relationship between unemployment and tax revenue is positive, thus implying 

that an increase in tax will lead to an increase in unemployment. It must be noted that the 

opposite, in literature, can also be true subject to how the government uses taxes. A study by 

Helms (1985) found that when tax revenue is used to finance improved pub lic service instead 

of transfer payments that wi ll then contribute positively on labour and business as it 

incentivises productivity. However, but when tax revenue is consumed on transfer payments 

or redistribution of income, then a negative relationship between tax, unemployment and 

economic growth (productivity) wi ll exist. The Laffer curve shou ld be utilised along Helms 

theory for better understanding (Laffer, 2004). 

3.4.4 Foreign Direct Investment Net Outflows (FOi) 

FOi net outflows is the amount of outward direct investment made by the residents, individuals 

or/and corporations of the reporting economy to external economies (other countries) in the 

world (The World Bank, 2018). 
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Foreign Direct Investment is defined as an investment made by a firm or an individual outside 

the country of residence into another country fashioned as business interest. This practically 

materialises when an investor establishes foreign business operations or acquires foreign 

investment assets, which includes the establishment of ownership or a lion ' s share in a foreign 

enterprise 

The expected results are that Foreign Direct Investment Net Outflows will reflect a negative 

relationship with unemployment (Makhoba, et al. , 2017) 

3.4.5 Carbon Dioxide Emission (C OE) 

Carbon dioxide (C02) is a colorless, odorless and non-poisonous gas formed by combustion of 

carbon through the burning of mainly fossil fuels, and in the respiration of living organisms. It 

is considered a greenhouse gas. The release of greenhouse gases and/or their precursors into 

the atmosphere over a specified area and period of time have with disastrous implications to 

the environment (United Nations. United Nations Framework Convention on Climate Change, 

2005). 

A positive relationship is expected. This assumption is based on the case study of the United 

States of America ' s companies moving to Asia in general and China particular. This meant that 

jobs moved to China whereas C02 emission is rising in the USA thus creating a positive 

relationship between unemployment and carbon dioxide emission. The current trade war 

between China and the USA strengthens this assumption. 

3.4.6 Consumer Consum ption (CCT) 

Consumer Consumption is also known as a voluntary private household consumption, or the 

transaction of money for goods and services in an economy. Common measures of consumer 

consumption includes all private purchases of durable goods, nondurables and services. 

Consumption by households contributes by far the largest part of South Africa's gross domestic 

product. As a percentage of GDP in the years preceding 1960, consumer consumption 

expenditure grew from a low of 50% in 1980 to as high of 61 % in the year 1992 (Pretorius & 

Knox, 1995). 

The expected relationship between consumer consumption and unemployment is negative 

(Malley & Moutos, 1996). 
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3.4.7 Electric Power Consumption (EPC) 

Electric power consumption can be measured as kWh per capita. Electric power consumption 

calculates the production of power plants plus combined heat and power plants less the 

transmission, distribution, and transformation losses and own use by heat and power 

plants. Electric energy consumption is actually energy demanded on existing electricity 

supply. Min ing and manufacturing industries are the majority consumers of electricity in South 

Africa as they account for roughly 60% of the national consumption but only 22% of GDP 

contribution (Deloitte Consulting Pty (Ltd), 20 I 7) 

A negative relationship is expected. Various studies have been conducted such as the one by 

Moyo, Dingela, Kolisi, Khobai , & Anyikwa (2017) and many other researchers on the same 

topic with similar outcomes as the relationship between the two variables. 

3.5 ESTIMATION METHOD A D PROCEDURES 

The methodology used in the study and also expresses the outlined data analysis, model 

specification and definition of the variables used in the study. Theory gu ided and ensured that 

theoretical consistency is adhered to as and when interpretation is given. Stationary Testing 

procedure and Vector Auto Regressive (VAR) estimation technique are utilised, which is then 

diagnostic tests are used to evaluate the estimated VAR model. 

3.5.1 Estimation Method 

3.5.1.1 Vector Auto Regression (VAR) 

According to Gujarati and Porter (2009), the vector auto regression (VAR) is an econometric 

model utilised to capture the straight interdependencies among various time series. VAR 

models sum up the univariate autoregressive model (AR) by taking into account more than one 

advancing variables. All variab les in a VA R enter the model similarly as in linear regression 

model , every variable has a condition clarifying its development in light of its own lagged 

values, the lagged values of the other model variables, and an error tenn. VAR modelling does 

not require as much learn ing about the forces impacting a variable as auxi liary models do with 

concurrent equations. The main earlier information required is a list of variab les which can be 

theorized to influence each other inter-temporally. 

Reduced standard form for VAR model: 

Yt = l:f=1 Ai Yt-i + BXt +Et ......................................... . ........... . .... ... (3.3) 
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where t = 1, ... ,T, Yt denotes a k vector of endogenous variables and Xt represents ad vector of 

exogenous variables. Ai and Bare the matrices of the coefficients to be estimated and Et fo llows 

an unobservable Gaussian zero mean vector white noise process with a time invariant positive 

definite variance-covariance matrix E (Et Et') = Lµ hence ... 

Et-NID(O; Lµ) ............................................................................ .. (3.4) 

3 .5 .1 .2 Advantages of VAR 

• It is assumed that all variables are endogenous and as such there is no need to classify 

them as endogenous nor exogenous. 

This is a critical point to note, a prerequisite for sim ultaneous equations structural models to 

be estimated is that all equations in the system are to be identified. Primarily, this necessity 

boils down to a condition that some variables are observed as exogenous, and that the 

conditions contain distinctive right-hand side variables. In reality, this limitation ought to 

emanate generally from economic theory. Nevertheless, practically speaking, theory will not 

be precise in its recommendations of which variables ought to be classified as exogenous. 

Consequently, a lot of discretion is applied concerning how to characterize the variables will 

arise. Since Hausman tests are regularly not utilized when they ought to be, the specification 

of certain variables as exogenous, required to form identifying limitations, is likely to be 

invalid. Sims (1980) named these identifying limitations 'unimaginable'. VAR estimation, then 

again, requ ires no such limitations to be imposed (Brooks, 2008). 

• VAR' enables an estimation of a variable to rely upon more than its lags or 

combinations of the error terms i.e. wh ite noise terms, so VA Rs are then more adaptable 

than univariate AR models; the latter can be seen as a limited version of VAR models. 

VAR models can in this manner offer an exceptionally rich structure, implying that they 

might have the capacity to capture more elements of the data that could have otherwise 

been ignored. 

• Should there be no contemporaneous terms on the right-hand side of the equations, it is 

possible to just utilize Ordinary Least Squares (OLS) independently on each equation. 

This emerges from the fact that all variables on the right-hand side are pre decided (pre­

determined) that is, at time t, they are known . This suggests that there is no probability 
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for input from any of the left-hand side variables to any of the right-hand side variables. 

Pre-decided variables incorporate every exogenous variable and lagged values of the 

endogenous variables. 

• Created forecasts by V ARs are frequently superior as opposed to traditional structural 

models. It has been contended in various articles by scholars that large scale structural 

models performed poorly as far as their out-of-sample forecast accuracy is concerned. 

This may arise because of the idea of the limitations put on the structural models to 

guarantee the identification discussed above. 

3.5.1.3 Disadvantages and Limitations associated with VARs 

• V ARs are theoretical , since they utilize less theoretical information about the 

correlations between or among the variables to control the specification of the model. 

Then again, valid restrictions or limitations that guarantee identification of equations 

from a simultaneous structural system will give light on the structure of the model. 

An upshot of this is that VA Rs are less amiable to theoretical analysis and in this manner to 

policy prescriptions. There likewise exists an expanded probability under the VAR approach 

that spurious relationship could be obtained by mining the data. It is regularly not clear how 

the VAR coefficient estimates ought to be interpreted. 

• V ARs have many parameters, on the off chance that there are g-equations, one for each 

of g-variables and with k-lags of each of the variables in every equation, (g + kg 2
) 

parameters should be estimated. 

• For moderately small sample sizes, degrees of freedom will quickly be used up, 

inferring large standard errors and accordingly wide confidence intervals for model 

coefficients hence type one error (a type of error that is committed by rejecting a true 

null hypothesis) is more likely to be committed. 

3.5 . 1.4 Procedure for building a VAR model 

Step 1: Specify the model in the standard VAR form hence the form of equation 

Step 2: Estimate the model 
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"Estimation of the model is done by feasib le generali sed least squares (GLS)" (Boreiko et al , 

2006). The indi vidual equations are estimated through OLS first and obtained residuals are 

used to est imate the white noise covariance matrix 'Lµ as: 

~ _ r-1 " T ~ ~ I (3 -) 
"'µ - L..t=l EtEt · ·· ··· ··· ··· •· · · ·· ··· ··· · ·· ··· ··· ··· ··• ··· ··· ·· · ··· ··· · ·· ··· · · · ... ... ... .) 

Equation 4.25 is then used to calculate/est imate the GLS estimator. Shou ld the regressors in 

equations be the same, then the est imator reduces to an equation by equation OLS estimator 

(Boreiko et al, 2006). 

Step 3: Mode l specification and selection 

Specification of the model in the form of step one, includes specification of the maximum lag 

order for the endogenous and exogenous variables, and an introduction of a zero on the 

parameter matrices. The decisions of the maximum lag order and model selection are subj ected 

on the utilisation of the information criteria that wi ll be highlighted in the next section. The 

value for the all information criteria must be small as far as possible in the chosen maximum 

lag order and model. 

Step 4: Diagnostic and Stability checking 

Obtained residuals must be tested against diagnostic tests and the est imated VAR model must 

a lso be tested against the stabil ity test which will be fully discussed in section 4.6. If the model 

passes through all the diagnostic and stability tests, then the model cou ld be used for inference 

and forecasti ng. 

3.5.1.5 The likelihood ratio test and Information criteria for VAR lag length selection 

The li kelihood ratio (LR) test wh ich is a statistical test used for contrasting the goodness of fit 

of two models, one of which is a special case of the other, is natura lly and genuinely simple to 

perform, however, it has its restrictions. Essentially, one of the two V ARs must be a special 

case of the other and, all the more genui nely, only pairwise comparisons can be made. The 

likelihood ratio test stat istic is characterized as ... 

LR= T[logl"Lrl - logl"LµI] ..................................... .. ... ... ...... ............... (3.6) 

31 

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER



where ILrl is the determinant of the variance covariance matrix of the residuals for the 

restricted mode l (with 4 lags), ILµI is the determinant of the variance covariance matrix of the 

residuals for the unrestricted VAR (with 8 lags) and T is the sample size. 

A disadvantage of the LR-test approach is that the x2 test wi ll entirely be substantial 

asymptotically only under the presumption that the errors from every equation are normally 

distributed. This assumption is probably not going to be maintained for financial data. 

An optional approach for choosing the suitab le VAR lag length is to utilize an information 

criterion. Information criteria requires no such normality assumptions concern ing the 

distribution of the error terms. Instead, the cri teria trade off a fa ll in the residuals sum of squares 

(RSS) of every equation as more lags are inc luded, with an increment in the va lue of the penalty 

term. The univariate criteria could be utilized independently to every equation except, once 

more, that it is typically considered desirable to require the number of lags to be the same for 

every equation. This requires the utilization of multivariate versions of the information criteria 

namely: Akaike Information Criterion (A IC), Schwarz Bayesian Information Criterion (SBIC), 

Hannah Quinn Informat ion Criterion (HQIC) and Final Predict ion Error (FPE), which can be 

characterized as ... 

~ k' 
AIC = loglLµI + 2 T ......................................................... ...................... (3.6.1) 

~ k' 
SBIC = loglLµI + T log(T) .......... ............................................................ (3.6.2) 

~ k' 
HQIC = loglLµI + T log(log(T)) ......... ....... ....... .. .. ... .. .............................. (3.6.3) 

T + n* k' ~ 
FPE = (r _ n*) ILµI ......... .................. ............ ....... .. ......... ... .... ............. (3.6.4) 

where fµ is the variance- covariance matrix of the residua ls, Tis the sample size, n* represents 

the total number of parameters in each eq uation of the model when n is the lag order of the 

endogenous variab les and k' represents the total number of regressors in all equations which 

wi ll be equal to P2 k + P for P equations in VAR system, each with k lags of the P variabl es, 

plus a constant in each equation (Brooks, 2008). 
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3.5.1.6 Impulse Response Function (IRFs) 

Impulse responses trace out the responsiveness of the response variables in the VAR to shocks 

to each of the variables. As a result, for every variable from every equation independently, a 

unit shock is connected to the error, and the impacts upon the VAR system across time are 

noted. Hence, if there are g variables in a system, an aggregate of g 2 impulse responses could 

be generated. Practically this is accomplished by representing the VAR model as a Vector 

Moving Average (VMA) that seems to be the vector autoregressive model , composed as a 

vector moving average. Given that the system is steady, the shock ought to wither away 

gradually (Brooks, 2008). 

3.5.1.7 Variance Decomposition 

Variance decompositions offer a marginally unique technique for analysing VAR system 

elements. They give the extent of the variations in the response variables that are expected to 

their shocks, versus shocks to the other variables. A shock to the ith variable will automatically 

influence that variable, yet it will likewise be transmitted to all other variables in the system 

through the dynamic structure of the VAR. Variance decompositions decide the amount of the 

s-step ahead forecast error variance of a given variable is explained by advancements to each 

explanatory variable for s = I, 2, . .. n. Practically, it is normally observed that own series 

shocks clarify the greater part of the (estimate) error variance of the series in a VAR. To some 

degree, impulse responses and variance decompositions offer the same fundamental 

information (Brooks, 2008). 

3 .5 .2 Estimation Procedures 

3.5.2.1 Stationarity and Stationary Tests 

Stationarity is characterised by a situation where there are three properties being: i) mean ii) 

variance iii) covariance, of the time series remains unchanged over time. A pivotal reason that 

justifies stationarity is because the trend of non-stationarity variables could lead a researcher 

astray with regards to forecasting hence resulting in false conclusions regarding the trend of 

the variables. The danger of running with non-stationary variables, over and above other things, 

includes unreliable and inconsistent predictions, this will lead to undesirable consequences for 

policy makers as they derive economic policies. 
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3.5.2.2 Augmented Dickey-Fuller (ADF) Test 

The ADF-Test tests for the presence of a unit root with the null hypothesis (Ho) stating that: 

The time series does have a unit root (non- stat ionarity). The a lternative hypothesis (H 1) stating 

that: The time series does not have a unit root (stationarity), the Ho tends to vary in line with 

the version of the test used. The Augmented version of the Dicky-Fuller test for a bigger and 

equally more complicated data set of the time series models. When conducting an analysis on 

time series data, the initial point ofcall is to first test the data for stationarity. T ime series data 

is usually non-stationary, thus implying that the mean, variance and covariance change over 

time. 

The ADF test was invented by Dickey Fu ller (1976) to test for the presence of the unit root for 

a given time series data set. The test derives its basis in pursuing the objective at which the 

assumption of non-autocorrelation between the disturbance terms is violated. Dickey-Fuller 

expressed the tendency of time series data to contain a unit root. This implies that attention be 

activated with deliberate intent to render stationary fo r model specification and estimation. 

Residuals of non-stationarity time series could be correlated with their own specific lagged 

values, the assumption of the disturbance terms ought not to be correlated with each other as 

then becomes a violation . 

Unit Root Model General Form: 

!J.Yt =a+ f3t + yYt-1 + 0"1/J.Yt- 2 + ·· · + O"p-1!J.Yt - p+1 +Et............ (3.7) 

If a = 0 and ~ = 0, then equation ( 4.4) can be written as 

!J.Yt = yYt-1 + Et ..... . 

The unit root model specification 

Using the equation 4.5, the unit root models for the key variables in this study can be specified 

as follows ... 

!J.UNEt = yUNEt-1 +Et .... .. .. . ... ... ..... ............ ... . 

!J.GDPt = yGDPt-1 +Et ............................. . . .. .. . . 

!J.T AXt = yTAXt-1 +Et .... .. ..... . .... ... ..... . 

!J.FD!t = yFDlt-1 +Et ........................ . 

!J.CDEt = yCDEt-1 +Et .. .............. ... . . 
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!iLog(CCT)t = yLog(CCT)t-l +Et ....................... . 

!iLog(EPC)t = yLog(EPC)t-l +Et ....................... . 

(3.7.6) 

(3.7.7) 

where GDP denotes Gross Domestic Product, TAX stands tax, COE carbon dioxide emission, 

UNE for unemployment, FOi for foreign direct investment, CCT for consumer consumption 

(tax) and EPC for electric power consumption . 

3.5.2.2. 1 Decision Rule 

The null hypothesis(Ho) y = 1, a unit root exists in UNE, GDP, TAX, FOi , CDE, LCCT and 

LEPC meaning that these variab les are non-stationary but when y < I, a unit root does not exist 

hence the variables UNE, GDP, TAX, FOi , COE, LCCT and LEPC are stationary. [f the 

probability of ADF statistic is less than the critical probability (0.0 I, 0.05 and 0.10), then a unit 

root does not exist hence the variables are stationary. 

3.5.2.3 Phillips-Perron (PP) test 

Phillips Perron (1988) constructed a substitute to the ADF, which has the method of 

manipulating for serial relationship when testing for unit root. The PP-test method assesses the 

non ADF equation and improves the t-ratio of u-coefficient so that serial correlation does not 

influence the asymptotic distribution of the statistic. 

General form of the unit root model 

liYt = µ + <pYt-1 +Et ............ ..... .......... ...... ..... . 

Unit root model specification 

tiUNEt = µ + cpUNEt-1 +Et .............. ........ .... . ... ...... ........ ... . 

tiGDPt = µ + <pGDPt-1 + Et ......................... .. ...... . 

ti TAXt = µ + <pTAXt-l + Et ..... . .......................... . 

tiFDlt = µ + <pFDlt-1 +Et ................................ .. 

tiCDEt = µ + <pCDEt-1 + Et ...... .. ... . .... .................. .. 

!iLog(CCT)t = µ + <pLog(CCT)t-l + Et ... ... .. ..................... . 

(3.8) 

(3.8.1) 

(3 .8.2) 

(3.8.3) 

(3.8.4) 

(3.8 .5) 

(3.8.6) 

!iLog(EPC)t = µ + cpLog(EPC)t-l +Et....................................... (3.8.7) 
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where GDP denotes Gross Domestic Product, TAX stands for tax, COE carbon dioxide 

emission, UNE for unemployment, FOi for foreign direct investment, CCT for consumer 

consumption (tax) and EPC for electric power consu mption. 

3.5.2.3.4 Decision Rule 

The null hypothesis(Ho) <p = 1, a unit root exists in UNE, GDP, TAX, FOi , CD, LCCT and 

LEPC, meaning that these variables are non-stationary but when <p < I, a unit root does not 

exist hence, the variab les UNE, GDP, TAX, FOi , COE, LCCT and LEPC are stationary. lfthe 

probability for the PP-statistic is less than the crit ical probabi li ty (0.0 I, 0.05 and 0.10), then a 

unit root does not exist hence the variables are stationary. 

3.5.3 Stability and res iduals diagnostic tests 

3.5.3 .1 Stability te t 

3.5.3.1.1 Inverse roots of the AR characteristic polynomial test 

An inverse root of AR characteristic polynomial test is used fo r testing VAR/VEC model 

stability. Al l the AR characteristic polynomials shou ld be within the unit c ircle so that the 

model can be confirmed or even declared stab le. 

3.5.3.2 Residuals diagnostic tests 

3.5.3.2.1 Normality test 

There are various tests fo r normality such as hi stogram of residuals normal probability plot, 

Anderson Darling and Jarque Bera tests. The Jarque Bera test for normality is utilized in this 

study. The Jarque Bera test is mainly utilized in large sample cases. The Jarque Bera test 

statistic for normality is characterized as ... 

JB = N - ~ + l ( S2 ~ (C - 3)2 ) . ...... ..... ........... .. ..................... . . ............ (3.9) 

where N denotes number of observations, K denotes number of predictor variabl es, S represents 

the skewedness of the sample's distribution and C denotes the kurtosis of the sample's 

distribution. The residuals in the model are assumed to be normally distributed, failure for the 

satisfaction of this assumption would make the results biased hence forecasts generated by the 

model would be unreliable. The fo llowing hypothesis is tested .. . 
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Ho: The residuals are multivariate normally distributed. 

3.5.3 .2.2Heteroscedasticity test 

As indicated by Stock and Watson (2012), heteroscedasticity is a condition in which the 

variance of the regression error term conditional on the regressor is not constant. This study 

utilizes the White heteroscedasticity (1980) test, which will assess if the residuals variance is 

constant (homoscedastic). It is important for the residuals to be homoscedastic in order for the 

model to produce reliable and unbiased results hence failure to satisfy this assumption would 

make standard hypothesis testing unreliable due to wider confidence interval which 

consequently makes type I error (type of an error that is committed when the true null 

hypothesis is rejected) be easily committed. The regression test is performed by regressing each 

cross product of the residuals on the cross product of the regressions and testing the joint 

significance of the regression . The No Cross Terms option utilizes just the levels and squares 

of the first regressors while the With Cross Terms option includes all non-excess cross product 

of the first regressors in the test equation. Utilizing of OLS with the presence of 

heteroskedasticity may bring about wrong standard errors and subsequently any inference made 

could misdirect. The following hypothesis is tested: 

HO: There is no heteroscedasticity among the residuals. 

3.5.3.2.3 The LM Serial Auto Correlation test 

Serial correlation is a relationship between the collective of the series of error terms ordered in 

time which in turn is the violation of the assumption of independence of error terms. Violation 

of this assumption concludes to unreliable standard hypothesis testing due to a wider 

confidence interval which makes it simple to commit a type 1 error. It is important for the 

residuals to pass through a serial correlation test in order for the model to produce reliable and 

unbiased results suitable for improved forecasting. It is generally caused by: i) Wrong 

functional forms, ii) Auto regressions, iii) Manipulation of data, iv) Data transformation and 

v) Non-stationarity of the data (Wooldridge, 2009). The autocorrelation LM test exposes the 

multivariate LM statistics for residuals serial correlation up to the specified order. The test 

statistics for lag order is processed by running an auxiliary regression of the residuals (µ) , on 

the original on the right hand regressors and the lagged residuals where the missing first 

estimations of µt-h are loaded with zeros hence the following hypothesis is tested ... 

Ho: The residuals are not serially correlated. 

37 

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER



3.6 CO CLUSION 

The chapter has explicitly discussed the vari ables, model framework, theoretical expected 

relati onships (results) and the relevant estimation techniques as well as procedures used in this 

thesis. VAR estimation technique has been explicitly di scussed as well as stationarity testing 

procedure. This chapter also discussed the stability and diagnostic tests used to diagnose the 

estimated model and residuals so that impacts of carbon emission tax on unemployment in 

South Africa may be fully and correctly analyzed . EViews 9 software was used to run the 

specified model s 
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C HAPTER 4 

ESTIM ATION, PRESENTATIO AN D INTE RPR ETATION OF RESULTS 

4. 1 INTRODUCTION 

This chapter presents the results, analysis and interpretation of the discussed methodology in 

the previous chapter. Firstly, the time series of al l the key variables are visually inspected 

against stationarity by means of the three stationarity properties of the time series (constant 

mean, variance and covariance). Secondly, unit root results fo r all the key variables will are 

shown and interpreted . Thirdly, VAR est imations, VAR residuals and stability tests were 

estimated and interpreted . Conc luding remarks conc lude the chapter. 

4.2 VISUAL I PECTION 

Figure 4.1 Graphical representations of all key variables (at level) in the specified model 
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Variant in the mean, variance and covariance of the time series implies that the trend of the 

time series is not constant across time. T he trend of GDP, FDI and CDE variables seems to be 

constant or uniform in mean and variance over time which means that the trends of GDP, FD! 

39 

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER



and COE are stationary at level, hence the order of integration is zero. Time series UNE, LEPC, 

LCCT and TAX need to be integrated so that their trends become invariant across time, hence 

constant or uniform trends . 

Figure 4.2 Graphical representations of first differenced key variables specified in the 

model 
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After differencing variables UNE, LEPC, LCCT and TAX once, their trends seem to be 

invariant, which means that the mean and variance is constant across time hence they are now 

stationary. The order of integration is one. 

4.3 UNIT ROOT TESTS 

Augmented Dickey Fuller (ADF) and Phillips Perron (PP) tests are utilised for stationarity or 

-unit root testing. Porter and Gujarati (2009) state that if a model is estimated with non­

stationary data, results will be spurious. Stationarity testing acts as the first step in determining 

the order of integration of all key variables. Hence, Table 4.1 and Table 4.2 present the results 

for the unit root tests on all key variables of the study 
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Table 4.1 Unit root tests for all of the key variables at level 

Level 

With Intercept With Trend and Intercept 

Variable Test Statistic P-Value Statistic P-Value 

ADF -2.69947 0.0845*** -2.62047 0.2742 

COE pp -2.91563 0.0540*** -2.83977 0.1938 

ADF -4.41399 0.0012* -4.477657 0.0053* 

GDP pp -4.42592 0.0012* -4.477657 0.0053* 

ADF -1.18099 0.4321 -4.107912 0.0142* 

TAX pp -1.40055 0.5712 -2.600588 0.2823 

ADF -1.40055 0.0156** -3.788858 0.0285** 

FD! pp -3.44432 0.0161** -3.807016 0.0273* * 

ADF 0.152733 0.9863 -2.461916 0.3439 

LCCT pp 0.299890 0.9752 -1.463253 0.8242 

ADF -8.48869 0.0000* -7.996830 0.0000* 

LEPC pp -5.44875 0.0001 * -7.100343 0.0000* 

ADF -1.06298 0.7200 -1.512002 0.8073 

UN E pp -1.12776 0.6977 -1.784546 0.6919 

NB : */**/*** denotes significance at l %, 5% and 10% respectively 

: NIA denotes that the unit root test is not applicable 

Summarizing the results obtained on the unit root tests in Table 4.1 , variables such as GDP, 

TAX, FDI and LEPC are stationary in level when utilizing ADF unit root test at I, 5 and 10 

percent level of significance under intercept and trend model specification. Hence, GDP, TAX, 

FDI , and LEPC are integrated to the order of zero (I (0) ). 
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Table 4.2 Unit root tests for some of the key variables at first difference 

First Difference 

With Intercept With Trend and Intercept 

Variable Test Statistic P-Value Statistic P-Value 

AOF NIA NIA -5.606360 0.0003* 

COE pp IA IA -5.606360 0.0003* 

AOF -4.44176 0.0013* NIA NIA 

TAX pp -7.21304 0.0000* -7.187008 0.0000* 

LCCT AOF -4.13568 0.0026* -4 .513830 0.0050* 

pp -4.10524 0.0029* -4.59143 0.0057* 

AOF -5 .74721 0.0000* -5 .665693 0.0002* 

UN E pp -5.77169 0.0000* -5.695065 0.0002* 

NB: *l**I*** denotes significance at 1 %, 5% and 10% respectively 

: NIA denotes that the unit root test is not applicab le 

According to the results obtained on the unit root tests in Table 4.2, variables such as COE, 

LCCT, and UN E are stationary after first difference at 1, 5 and l 0 percent level of s ignificance 

respectively under trend and intercept model specification using AOF unit root test. Hence, 

COE, LCCT and UNE are integrated to the order of one (I (1) ). 

Since the attention is given to the nature of the trend of the time series, the results obtained on 

intercept and trend model specification using ADF unit root test are used to make the final 

decision on the order of integration for all key variables of this study. 

4.4 LAG LENGTH SELECTION CRI TE RI A 

Choosing the optimal lag order, the six information criteria as discussed in chapter four are 

used as the tools. In this study, the selection is made using a maximum of 4 lags in order for 
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the model to generate well behaved res iduals. Table 4.3 presents the lag length selected by the 

six info rmation criteria (see appendix 2). 

Table 4.3 Lag order selection criteria 

Lag LogL LR FPE AIC SC HQ 

0 -188.6943 N/A 0.000334 11.86026 12. 17770 11 .96707 

1 -86.68017 154.5669* 1.44e-05* 8.6472833* 11.18681* 9.501757* 

Table 4.3 above indicates that information criteria LR selected lag 1, FPE selected lag 1, AIC 

selected lag I, SC selected lag 1 and HQ selected 1. Therefore, lag 1 is selected as an optimal 

lag. Subsequently, the VAR model is estimated within the lag interval of 1: 1. 

4.5 VECTO R AUTOREG RESS IVE (VA R) MODEL ESTIMATES 

As revealed by the unit root tests, not all key variables are stationary after first difference. Due 

to this, co-integration test (VECM) cannot be conducted since it requires all key variables to 

stationary after first difference (Brooks, 2008). Subsequently, the VAR model is estimated to 

test the relationship between independent and dependent variables. The model generates the 

endogenous variables that impact unemployment in South Africa (see appendix 3). 

Table 4.4 Long run VAR estimates 

VARIABLE COEFFICIENT STANDARD ERR. T-ST ATISTIC 

Constant 6.356865 12.2186 0.52026 

UNE (-1) 0.950777 0.09061 I 0.4935* 

GDP (-1) 0.084380 0.43098 0.19579 

TAX (-1) -0.171420 0.53983 -0 .31754 

FDI (-1 ) 0.704978 0.92479 0.76231 

D(CDE)(-1) 0.242106 1.73 111 0. 13986 

D(LCCT)(-1) -11.16672 14.7292 -0 . 75814 
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I D(EPC)(-1 ) 1-31.20669 127.5 145 1-1.13419 

NB: * denotes s ignificance at 5% level of significance 

R*Squared 0.916 1 

F statistic 39.03330 

The estimated VAR model suggests that there is an insignificant positive relationship between 

unemployment and gross domestic product in South Africa, hence I% increase in GDP would 

results in a 0.08% increase in UNE. The model a lso articulates that there is a negative and 

insignificant relationship between U E and TAX in South Africa, hence I% increase in TAX 

would result in a 0. 17% decrease in U E. The mode l again shows a positive and insignificant 

relationship between UNE and FD! in South Africa hence 1 % increase in FD! would result in 

a 0.70% increase in UNE. There exists a positive and insignificant relationship between UNE 

and COE hence I% increase in COE would result in a 0.24 % increase in UNE. There is a 

negative and insignificant relationship between UNE and LCCT in South Africa hence I% 

increase in LCCT would result in an 11.17% decrease in UNE. The model also suggests that 

there is a negative and insignificant relationship between UNE and LEPC in South Africa, 

hence I% increase in LPEC would result in a 31 .2 1 % decrease in UNE. The coefficient of 

determination (R squared) is 91.61 % which implies that 91.61 % of variation in the dependent 

variable UNE, is explained in the independent variables GDP, TAX, FD!, COE, LCCT and 

LEPC. The individual effects on unemployment are not s ign ificant. However, s ince the F 

statistic is 39.03, which is greater than 5 for the 5 percent level of significance, then the overall 

effects by the independent variables on unemployment are significant. 

4.6 IM PULSE RES PO SE FU CTIONS (I RFs) 

The impulse response function recognizes the responsiveness of the dependent variable in the 

VAR system when the shock is put on the error term. It demonstrates the dynamic reaction of 

real gross domestic product to a one period standard deviation shock to the innovations of the 

system. Furthermore, it shows the direction and pers istence of the reaction to each of the shocks 

(see figure 4.4 and appendix 4). 

Figure 4.3 Impulse Response Functions 

44 

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER

NWUUSER
Sticky Note
None set by NWUUSER

NWUUSER
Sticky Note
MigrationNone set by NWUUSER

NWUUSER
Sticky Note
Unmarked set by NWUUSER



Res ponse to Cholesky One S.D. Innovations 
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The response of UNE to UNE, one period standard deviation shock on UNE produces a 

positively deteriorating impact on itself for the whole entire period. The response of UNE to 

GDP, one period standard deviation shock on GDP produces a negative but closer to zero 

impact between period zero and the fifth period, and a positive impact between the sixth and 

the tenth period. The response of UNE to TAX, one period standard deviation shock on TAX 

produces a positive impact for the entire period. The response of UNE to FDI , one period 

standard deviation shock on FDI produces a positive impact for the entire period. The response 

of UNE to COE, one period standard deviation shock on COE produces a positive but closer 

to zero impact for the entire period. The response of UNE to LCCT, one period standard 

deviation shock on LCCT produces a negative impact for the entire period. 

The response of UNE to LEPC, one period standard deviation shock on LEPC produces a 

negative impact for the entire period. 
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4 .7 VARIANCE DECOMPOSITION 

Table 4.5 Variance decomposition of RGDP (see appendix 4). 

VARIANCE DECOMPOSITION OF UNE 

PERIOD SE UNE GDP TAX FDI D(CDE) D(LCCT) D(LEPC) 

1 3.95830 100 0 0 0 0 0 0 

2 5.32294 96.3060 0.1461 0.0161 0.4114 0.4341 1.9366 0.7480 

3 6.25447 93.2309 0. 1937 0.0170 0.6880 0.4995 3.7242 1.6466 

4 6.93939 90 .5780 0. 1725 0.0896 0.9566 0.5271 5.163 1 2.5130 

5 7.47290 88.2339 0.1561 0.2498 1.3257 0.5160 6.2590 3.2596 

6 7.90887 86.0644 0.1939 0.4742 1.8006 0.4915 7.0951 3.8804 

7 8.27607 84.05 I 0 0.2856 0.7345 2.3411 0.4641 7.7356 4.3881 

8 8.59082 82.205 7 0.4153 1.0074 2.9032 0.4380 8.2295 4 .. 8008 

9 8.86332 80.5391 0.5663 1.2761 3.4541 0.4150 8.6133 5. 1362 

10 9.10057 79.0529 0.7248 1.5300 3.9731 0.3953 8.9 144 5.4095 

The variance decomposition analysis covers period a I 0 year period in order to examine the 

effects when the variances were allowed to affect UNE for a longer time. In the first year, all 

of the variances in U E are explained by its own shock. In the 5 th year, UNE explains about 

88.23% of its own variation . 

Explanatory variables account for 11 .77% of the variation with GDP explaining about 0.16%, 

TAX about 0.25%, FDI about 1.33%, CDE about 0.52%, LCCT about 6.26%, and LPEC about 
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3.26%. Over the period of 10 years, UNE explains about 79.05 % of its own variation. 

Explanatory variables account for 20 .95% of the variation with GDP explaining about 0.72%, 

TAX about 1.53%, FDI about 3.97%, COE about 0.40%, LCCT about 8.91 and LPEC about 

5.41 %. 

4.8 VAR STABILITY AND RESIDUALS DIAGNOSTIC TESTS 

Stability and residuals diagnostic tests are essential to the estimated model because they 

validate the estimated parameters and goodness of fit generated by the model. If the residuals 

are validated by the diagnostic tests, the estimated parameters will be efficient, hence unbiased 

estimated parameters (Adrino, 2012). 

4.8.1 VAR stability test 

Figure 4.4 Inverse Roots of AR Characteristic Polynomial 

Inverse Roots of AR Characteristic Polynomial 

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

1.0 

0.5 

0.0 

-0.5 

-1 .0 

-1.5 -+---~-~-------,----i 
-1.5 -1 .0 -0.5 0 .0 0 .5 1.0 1.5 

The estimated VAR model is stable because the inverse roots of AR characteristic polynomial 

are within the unit circle as shown in figure 4.5. 

4.8 .2 Residuals diagnostic tests 

Firstly, the results for White ' s heteroscedasticity test with both cross term and no cross term 

will be presented, followed by Langrage Multiplier (LM) serial correlation test and Jarque­

Bera' s normality test (see appendix 6). 

Table 4.6 Residuals Diagnostic tests results 
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Test Null Hypothesis Probability Decision 

White There is no Fail to reject the null 

H eteroscedastic i ty heteroscedasticity 
0.3382 

hypothesis at 0.01 , 

(with no cross term) 
0.05 and 0.10 level 

of significance. 

Langrage Multiplier There is no serial Fail to reject the null 

Serial Correlation correlation 
0.0784 

hypothesis at 0.01 

and 0.05 level of 

significance. 

Jarque-Bera The residuals are Reject the null 

ormality multivariate normal 
0.0000 

hypothesis 

Under heteroscedasticity and serial correlation residuals diagnostic tests, the nul l hypothesis 

fails to be rejected at 1 %, 5% and I 0% significance level which implies that there is no 

heteroscedasticity and serial correlation among the residuals. As for normality test, the null 

hypothesis is rejected at all levels of significance, hence the residuals are not multivariate 

normal. 

4 .9 CONCLUSION 

The chapter estimated, presented, analysed and interpreted the relationship between 

unemployment and tax (proxy for carbon emission tax), along with other variables. The data 

used in this chapter underwent various diagnostic tests in order to accurately conclude that the 

relationship between unemployment and the explanatory variables were theoretically 

consistent with each other. 

CHAPTER FIVE 

SUMMARY, CO CLUSIO AND POLICY RECOMME DATION 

5. 1 INTRODUCTIO 

This study sought to explore and analyse the impact of carbon emission tax imposition' s impact 

on unemployment in South Africa. The VAR econometric technique was then employed to 
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assist in the investigation of these two variable ' s re lationship. The study was organised into 

fi ve chapters, bei ng: Chapter 1 Introduction, Chapter 2 Literature Review, Chapter 3 

Methodology, Chapter 4 Estimation, Presentation and Interpretation of Results and the last 

chapter being Chapter 5 Summary, Conc lusion and Po licy Recommendations. 

5.2 SUMMARY 

The study utilised six variables: Unemployment (UNE) rate being the expla ined variable, Real 

Gross Domestic Product (G DP), Tax Revenue (TAX), and Foreign Direct Investment out flow 

(FDI), Carbon Dioxide Emission (CDE), Consumer Consumption (CCT) and Electricity Power 

Consumption (EPC). The explanatory variables proved theoretically consistent with regards to 

the ir relationship w ith the expla ined variable, being unemployment. Carbon emission tax has 

not been implemented in South Africa and therefor Tax was used a proxy variable w ith the 

intent to understand and predict what would happen when the government decides to levy a tax 

on C02 in the Republic of South Africa. 

The R-squared was 0.92 (98%), that being above 0.5 (50%) hence implies that the regressions 

are a good fit as more than 50% of the variations in the explained variable are explained by the 

independent variables. The F-stat was 39.03 which is greater than 5 for the 5 % level of 

s ignificance, then the overal l effects by the independent variables on unemployment are 

significant. The mode l fared well in a ll the d iagnostic tests conducted on it. 

5.3 KEY FINDINGS 

According to the regression result between unemployment and tax; unemployment and tax 

have a negative re lationship, implying that an increase by 1 % in tax will result to a 0.1 7% 

decrease in unemployment. This result simply means that a tax levied on carbon emission will 

necessari ly result in the decrease of unemployment. New sectors can be established with the 

state channe lling proceeds from the tax revenue collected to assist in the fund ing such of such 

sectors. Sectors such as the e lectric car market which currently remains non-existent in South 

Africa, a sector projected to be $75.7 billion in 20 17, grow to $127.7 bi llion by 2022 g lobally 

(Report Linker, 20 I 7) (Frost & Sullivan, 20 18). He lms (1985) found that when tax revenue is 

used to fi nance improved public service instead of transfer payments that will then contribute 

positively on labour and business. 
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Understand ing the limitations of the study that there is no carbon emission tax imposed as yet 

and that the relationship between tax revenue and unemployment can either be negative or 

positive subject to how the tax revenue is consumed by the state, we cannot say the answer is 

definite until the tax is in place and we observe revenue usage from the state, but until then we 

remain with this conclusion. 

The relationship between carbon dioxide emission and unemployment was concluded to be 

positive thus implying that as carbon emission increases so will unemployment hence and that 

any decrease in carbon emission may lead to the decrease in unemployment. This could be 

because to reduce carbon emission new technologies would be required and this may lead to 

new sectors being created and those sectors may create new work opportunities that are not as 

labour intensive. 

Electricity power consumption proved to have a negative relationship with unemployment, 

where a 1 % increase in electricity power consumption led to a 3 1.21 % decrease in 

unemployment. This further proves true on the basis that the demand for electricity outweighs 

the supply and should alternative electricity sources be found, employment will be created 

leading to more revenue for the state. 

All variables have proved that South Africa can create jobs and not negatively impact 

employment with the imposition of a carbon emission tax, but this is subject to how the tax 

revenue are used. These proceeds can equally be used to subsidise firms to find cleaner sources 

of production, retain the operational cost structure and not to retrench employees nor pass the 

burden to the consumer thus sparring poor households. Firms can also fund new technologies 

or ventures that can see them saving money, hence making them more competitive, increasing 

revenue and creating more jobs as witnessed currently being done in Dubai (Etihad ESCO , 

2018). 

5.4 POLICY lMPLICATIO SAND RECOMME DATIONS 

South Africa is the biggest carbon emitter on the continent, and as it was done in Indonesia, 

c lassified as one of the largest carbon emitter' s among developing countries, must ensure that 

the carbon emission tax imposed is progressive in nature. Indonesia has a progressive regime, 

and is characteristically robust in comparison to various alternative recycling-schemes in the 

rural geographic, and found to be either neutral or a bit progressive in urban geographic ' s 
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within the country. The overall nationwide distributive effect is progressive, and this is the line 

South Africa must emulate. 

South Africa ought to invest in industries and technologies that are less carbon intensive such 

as the development of electric and hybrid cars that do not rely intensively on the combustion 

of fossil fue ls. This wil l not only be a job creator, but it will assist the country reach its emission 

budget with the economy growing in the process. 

South Africa must ensure that the implementation of the tax will complement national objective 

such as industrialization and not undermine it, therefore a proper balance will be required. 

5.5 LIMITATIONS OF THE STUDY AND AREAS OF FURTHER RESEARCH 

The government has adopted a carbon pricing strategy which is the imposition of tax on 

emission. However, the number of studies as to its impact on various industries and sectors that 

wi ll not be exempted are not satisfactory. It is critical to conduct such studies as this will 

provide an understanding of this new phenomenon in South Africa, and its potential on the 

a lready high South African unemployment rate. 

Majority of poor South African households stil l use coal stoves for heating and cooking and as 

such release severe missions into the ozone. There is a need to investigate the extent of the tax 

in those households. This wi ll require regulation mechanism that the state will be burdened to 

develop. 

With the tax not imposed as yet, this study needs to be revisited after imposition, after a 

sufficient period as proper data and empirics would have developed and as such a more in­

depth study wou ld materialize. 

The insufficiency of studies investigating carbon tax on various sectors or economic variables 

in not only a South African problem but a continental problem. 
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APPENDIX 

APPEND IX 1: DATA 

Year Cde gdp Tax Fdi cct epc une 

1980 7.676428 6.620585 19.1759 0.909813 31701 74840 1.23352 

1981 8.429201 5.360737 18.59774 0.718402 35868 85866 3.234143 
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1982 8.96096 -0.38339 19.8572 -0.00665 36337 95237 3.115634 

1983 9.092508 -1.84654 19.75459 0.175927 37499 109817 4.306728 

1984 9.590599 5.099115 20.95895 0.21973 39570 122066 2.646829 

1985 9.611999 -1.21148 22.70725 0.068426 33941 130049 0.51736 

1986 9.592666 0.017835 21.85509 0.086448 29549 135810 2.358108 

1987 9.339282 2.100735 2 1.69525 0.104385 27953 142089 4.154545 

1988 9.537116 4.200133 22.7654 0.054564 28821 146810 2.735495 

1989 9.284154 2.394784 25.30205 0.126219 28994 151504 3.667797 

1990 8.341332 -0.31779 23.11194 0.024209 29123 155637 2.949078 

1991 8.491907 -1.01822 22.90377 0.166558 25869 158554 4.55457 

1992 7.664787 -2.13706 20.62165 1.441171 27808 162739 5.277112 

1993 7.966457 1.23352 21.77523 0.217344 29401 164817 5.603665 

1994 8.228462 3.234143 21.53464 0.901957 30307 169241 4.4 

1995 8.607153 3.115634 22.42024 1.6042 13 31533 176322 4.51 

1996 8.494484 4.306728 23 .2065 0.709971 31377 180297 5.1 

1997 8.844658 2.646829 23.53246 1.522814 31280 183838 5.4 

1998 8.512704 0.51736 24.38843 1.186001 35465 188557 25 

1999 8.327718 2.358108 24.13044 1.159453 36950 191682 25.37 

2000 8.280765 4.154545 23.34369 0.203267 39086 193483 30.2293 

2001 8.020756 2. 735495 24.18558 -2.89039 39416 195413 30.896 

2002 7.583814 3.667797 23.27842 -0.34753 40449 206220 33.4733 

2003 8.488351 2.949078 23.03755 0.315276 41692 209020 32.4557 

2004 9.330796 4.55457 24.282 1 0.5702 1 44359 214458 29.576 

2005 8.539756 5.277112 25.7433 0.352936 49176 222127 29.2531 

2006 9.0732 5.603665 27.26987 2.18 122 55730 236751 28.4893 

2007 9.352665 5.360465 27.59604 0.99725 64271 242821 26.6662 

2008 9.854219 3.191052 26.81322 -0.73827 64179 245162 22.4327 

2009 9.870597 -1.5381 24.3968 0.441 193 59203 245928 23.5383 

2010 9. 190699 3.039777 25.0415 -0.04298 58905 249599 24.6929 

2011 9.004033 3.284165 25.17982 -0.0368 63325 255040 24.653 

2012 8.845033 2.2 13354 25.58813 0.731423 67375 259807 24.73 16 

2013 8.673963 2.485186 26.0439 1 1.777359 68948 260143 24.5688 
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2014 8.980119 1.847008 26.54119 2. 192071 71 318 261447 

2015 l .279538 27.33622 1.735668 74077 265049 

2016 0.565363 27.09698 1.5 18271 76108 268219 

2017 1.320061 2.129458 77923 269538 

APPENDIX 2: LAG LENGTH SELECTION INFORMATION CRITERIA 

VAR Lag Order Selection Criteria 
Endogenous variables: UNE GDP TAX FDI D(CDE) D(LCCT) D(LEPC) 
Exogenous variables: C 
Date: 11/26/18 Time: 20:27 
Sample: 1980 2017 
Included observations: 33 

Lag LogL LR FPE AIC 

0 -188.6943 NA 0.000334 11 .86026 
-86.68017 154.5669* 1 .44e-05* 8.647283* 

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

APPENDIX 3: THE VAR MODEL ESTIMATES 

Vector Autoregression Estimates 
Date: 11/26/18 Time: 20:13 
Sample (adjusted): 1982 2014 
Included observations: 33 after adjustments 
Standard errors in ( ) & !-statistics in [ ] 

UNE GDP TAX 

UNE(-1) 0.950777 0.125006 0.032944 
(0.09061) (0.04639) (0.02146) 
[ 10.4935] [ 2.69457] [ 1.53540] 

GDP(-1) 0.084380 0.193780 0.220545 
(0.43098) (0.22067) (0.10206) 
[ 0.19579) [ 0.87815] [ 2.16096] 

TAX(-1) -0.171420 -0.359511 0.554309 
(0.53983) (0.27640) (0.12783) 
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FDI 

-0 016565 
(0.02210) 
[-0.74967] 

-0 012899 
(0.10510) 
(-0.12273) 

0.113251 
(0.13165) 

SC 

12.17770 
11 .18681 * 

D(CDE) 

0.013926 
(0.00962) 
[ 1.44782] 

0.042818 
(0.04575) 
[ 0.93586] 

-0.086779 
(0.05731 ) 

24.8976 

25.156 

26.5507 

27.3266 

HQ 

11 .96707 
9.501757* 

D(LCCT) D(LEPC) 

0.002793 -3.82E-05 
(0.00147) (0.00040) 
[ 1.90295] [-0.09500] 

-0.001089 -0.001414 
(0.00698) (0.00191 ) 
(-0.15598) (-0.73919] 

-0.008255 -0.002273 
(0.00874) (0.00240) 
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[-0.31754] [-1 .30069] [ 4.33613] [ 0.86026] [-1 .51427] [-0.94401] [-0.94888] 

FDl (-1 ) 0.704978 0.669750 0.487698 0.329990 0.110160 0.024702 -0 009420 
(0.92479) (0.47351) (0.21900) (0.22553) (0.09818) (0.01498) (0.00410) 
[ 0.76231] [ 1.41444] [ 2.22696] [ 1.46319] [ 1.12208] [ 1.64903] [-2.2951 O] 

D(CDE(-1)) 0.242106 -0.586564 -0.381549 -0.085062 -0 222476 0.002114 0.008471 
(1.73111 ) (0.88636) (0.40994) (0.42216) (0.18377) (0.02804) (0.00768) 
[ 0.13986] [-0.66177] [-0.93075] [-0.20149] [-1 .21060] [ 0.07539] [ 1.10257] 

D(LCCT(-1)) -11.16672 -2.076646 0.012131 -0 027334 0.624744 0.159208 0.043007 
(14.7292) (7.54155) (3.48796) (3.59197) (1.56363) (0.23858) (0.06537) 
[-0.75814] [-0.27536] [ 0.00348] [-0.00761] [ 0.39955] [ 0.66731] [ 0.65787] 

D(LEPC(-1)) -31 .20669 -2.762157 -1 .850526 -0.959158 3.625891 -0.279294 0.583844 
(27.5145) (14.0878) (6.51561) (6.70989) (2.92091) (0.44568) (0.12212) 

[-1 .13419] [-0.19607] [-0.28401 ] [-0.14295] [1 .24136] [-0.62667] [ 4.78096] 

c 6.356865 8.177240 9.541910 -2.003076 1.546932 0.170586 0.071537 
(12.2186) (6.25609) (2.89344) (2.97971 ) (1.29711) (0.19792) (0.05423) 
[ 0.52026] [ 1.30708] [ 3.29778] [-0.67224] [ 1.19260] [ 0.86191] [ 1.31914] 

R-squared 0.916173 0.350833 0.838227 0.169312 0.327058 0.321475 0.756801 
Adj. R-squared 0.892701 0.169066 0.792931 -0.063281 0.138634 0.131488 0.688705 
Sum sq. resids 391 .7054 102.6894 21.96579 23.29530 4.414417 0.102773 0.007716 
S.E. equation 3.958310 2.026716 0.937353 0.965304 0.420210 0.064117 0.017568 
F-statistic 39.03330 1.930126 18.50536 0.727932 1.735755 1.692089 11 .11379 
Log likelihood -87.64601 -65.55579 -40.10912 -41 .07875 -13.63305 48.40867 91 .13070 
Akaike AIC 5.796728 4.457927 2.915704 2.974470 1.311094 -2.449010 -5 038224 
Schwarz SC 6.159518 4.820717 3.278494 3.337260 1.673883 -2 086221 -4.675435 
Mean dependent 15.82487 2.216231 23.66249 0.468757 0.016695 0.020827 0.033741 
S.D. dependent 12 08406 2.223359 2.059897 0.936139 0.452765 0.068799 0.031488 

Determinant resid covariance (dof adj.) 3.15E-06 
Determinant resid covariance 4.51 E-07 
Log likelihood -86.68017 
Akaike information criterion 8.647283 
Schwarz criterion 11 .18681 
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APPENDIX 4: THE RESPONSE OF UNE 

Response of UNE: 
Period UNE GDP TAX FOi D(CDE) D(LCCT) D(LEPC) 

1 3.95831 o 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
2 3.408647 -0.203441 -0.067600 0.341404 0.350705 -0.740751 -0.460911 
3 3.030411 -0.185449 0.045643 0.390603 0.269109 -0.952962 -0.657040 
4 2.673474 -0.085406 0.191034 0.437624 0.241734 -1.014628 -0.752326 
5 2.378159 0.063867 0.310404 0.528831 0.185237 -1 .004473 -0.781118 
6 2.135385 0.184675 0.396354 0.621262 0.138874 -0.970930 -0.779048 
7 1.932832 0.272672 0.454417 0.690844 0.101965 -0.9.27566 -0.760503 
8 1.760769 0.333047 0.490302 0.734248 0.073767 -0.880429 -0.733185 
9 1.612676 0.371926 0.508919 0.755511 0.052376 -0.832422 -0.701277 

10 1.483764 0.394228 0.514483 0.759682 0.036339 -0.785141 -0.667265 

VARIAN CE DECOMPOSITION FOR UNE 

Variance Decomposition of UNE: 
Period S.E. UNE GDP TAX FOi D(CDE) D(LCCT) D(LEPC) 

1 3.958310 100.0000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
2 5.322946 96.30596 0.146074 0.016128 0.411371 0.434091 1.936602 0.749775 
3 6.254474 93.23091 0.193718 0.017007 0.687982 0.499544 3.724196 1.646641 
4 6.939389 90.57 802 0.172513 0.089600 0.95658.2 0.527149 5.163143 2.512993 
5 7.472902 88.23392 0.156064 0.249797 1.325659 0.516010 6.258982 3.259564 
6 7.908869 86.06439 0.193856 0.474170 1.800587 0.491522 7.095081 3.880394 
7 8.276068 84.05099 0.285587 0.734508 2.341157 0.464053 7.735598 4.388107 
8 8.590821 82.20568 0.415337 1.007402 2.903241 0.438045 8 .. 229459 4.800831 
9 8.863324 80.53911 0.566275 1.276099 3.454054 0.415015 8.613260 5.136184 

10 9.100566 79.05294 0.724789 1.530031 3.973145 0.395254 8.914355 5.409485 

APPENDIX 5: RESIDUALS DIAGNOSTIC TESTS 
1. Heteroscedasticity Test 
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VAR Residual Heteroskedasticity Tests: No Cross Terms (only levels and squares) 
Date: 11/27/18 Time: 08:57 
Sample: 1980 2017 
Included observations: 33 

Joint test 

Chi-sq Of Prob. 

403.1237 392 0.3382 

2. Langrage Multiplier (LM) Serial Correlation Test 

VAR Residual Serial Correlation LM Tests 

Null Hypothesis: no serial correlation at lag order h 

Date: 11 /27/18 Time: 09:00 

Sample: 1980 2017 

Included observations: 33 

Lags LM-Stat 

63.60979 

Probs from chi-square with 49 df. 

3. Normality Test 

VAR Residual Normality Tests 

Orthogonalization: Cholesky (Lutkepohl) 
Null Hypothesis: residuals are multivariate normal 

Date: 11 /27/18 Time: 09:03 

Sample: 1980 2017 

Included observations: 33 

Component Skewness 

3.431499 
2 0.116906 

3 0.271440 
4 -1.107405 

5 -0.244026 

6 -0.122129 

7 0.941759 

Chi-sq 

64.76352 
0.075169 

0.405238 

6.744903 
0.327518 

0.082035 
4.878010 
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df 

Prob 

0.0784 

Prob. 

0.0000 
0.7840 

0.5244 

0.0094 
0.5671 

0.7746 
0.0272 
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Joint 77.27639 7 0.0000 

Component Kurtosis Chi-sq df Prob. 

17.10415 273.5248 0.0000 

2 2.489063 0.358952 0.5491 

3 3.288534 0.114472 0.7351 

4 6.035726 12.67150 0.0004 

5 2.997438 9.03E-06 0.9976 

6 2.414557 0.471272 0.4924 

7 5.130309 6.240046 0.0125 

Joint 293.3810 7 0.0000 

Component Jarque-Bera Of Prob. 

1 338.2883 2 0.0000 

2 0.434121 2 0.8049 

3 0.519709 2 0.7712 

4 19.41640 2 0.0001 

5 0.327527 2 0.8489 

6 0.553307 2 0.7583 

7 11 .11806 2 0.0039 

Joint 370.6574 14 0.0000 
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