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Abstract

The main focus of this study is to apply a Cobb-Douglas production function to estimate agricultural
production functions at both the aggregate and sub-sectoral levels in order to determine the
productivity of land, labour and capital, while maintaining rainfall levels as a control variable for the
South African economy over the period from 1975 to 2012. This task will be accomplished by applying
cointegration techniques, Johansen’s (1988) vector autoregression (VAR) methodologies and error
correction mechanisms to capture short run disequilibrium between agricultural production function
and its determinants. Specifically the main objective of this study is to derive plausible estimates of the
marginal productivities of land, labour and capital. Moreover this study will attempt to establish the
nature of the long and short run relationships between land, labour and capital in the aggregate sector
and the maize and wheat subsectors. However before the empirical analysis is conducted the study will
first attempt to explain the relevant theories of growth and, which will then serve as a basis for
examining South African growth experiences and policy prescription more specifically in the agricultural
sector, for the purposes of understanding the South African agricultural sector growth phenomenon and

choosing appropriate determinates of agricultural production growth.

The fundings of the VECM, FMOLS, CCR and DOLS methods strongly suggest that the marginal
productivities of capital and land were positive while that of labour was negative; all the coefficients
were statistically significant except for capital. Additionally the marginal productrivity of land exceeded
unity , thus implying that land productivity exhibits increasing returns to scale which confirms the
trends that the number of farms have been decreasing but their land acreage have been increasing.
While the negative marginal productivity of labour suggests that the South African aggregate agricultural
sector is overwhelmed by severe diminishing marginal returns to labour, which explains the observed

persistent decline in employment in the agricultural sector over the past three decades or more.



Acknowledgements
| would like to express my heart-felt gratitude to the following individuals, who have supported me

spiritually, morally, financially or otherwise to enable me fulfill my dream of achieving a masters degree.
The Almighty God for promising me victory and walking by me to strengthen me by the day.

| thank my supervisors, Dr. Irrshad Kaseeram, with whom | began this journey with and Prof.

Contogiannis who shaped and supported me to complete my degree.

My genuine thanks go to my family (Thulile (mum), Makhulu (uncle), Sakhile, Sphelele) whose constant
love, prayer and blessings saw me through this difficult journey. To my late dad Mboniseni and my

brother Langa Hlongwa, | hope you are proud of me were ever you are.

To my extended family and to all my friends, especially Mandla, Allie, Bongi, Mfanelo and the real

boyfriends thank you for your moral support. May God bless you, | feel greatly indebted to you all.



TABLE OF CONTENT

Y o1 - [ot PP PPPUPTPTOE 4
F Yol g o1V F=To Fod=T o Y=Y o} £ USRS 5
List Of ACTONYMS USEA ..o, 12
CHAPTER ONE ...ttt e e e e et e et bbb a e e e e e e e e e bttt aeeeeaaas 15
O T o) d oo [0l A o] o IO PP PP PRPPPPPTN 15
1.1. Motivation of the study ... 17
1.2 Problem StAtEMENT ... ..uiiiiiiieiiieiee e e e e e st e e e e e s s st e e e e e e e e e nnbbreeeeeeeeeas 18
1.3 Objectives of the StUdY ... 19
1.5 Intended CONTIIDULION ... ..eiiiiiiiee e e st e s st e e s st e e e snree e s 19
L BHYPOTNESES. ..o 19
1.7 Organisation of the StUdY ..., 20
CHAPTER TW O ittt ettt et et e et e et e e et e e e e e e e e et e e s e e e e e e en e e en s e ea e e e e ennenennen 22
2.0 INTRODUCTION ..eiiitiieeiititee ettt e e ettt e e ettt e e e sttt e e s ettt e e s e bbb e e e s aabbeeesaabbteeeaabbaeeesanbeeeessabbeeeesanreeeess 22
2.1 The Harod Domar IMOAEN .....ccocuuuiiiiiiiieeeee ettt e st e e snbeeeeas 22
2.2 SOIOW GFrOWEN IMIOAEN ..ttt e e st e e s st e e e snbee e s 23
2.3 Kaldor Model of ECONOMIC GrOWEh ......cooiiiiiiiiiiiiiecc e 23
2.4 Cobb-Douglas production fUNCLION..........ceviiiiiiiiiiiiiiieceececeeeeeeeeeeeeee e e e eeeeeeeraeraeees 24
2.5 Agricultural sector CONtIIDULION ......oiiiiiiiiiiiiiiiiieececeeeeeeeeeeeeeeeee e eeeeeeeeeeeeeeerearreraeee 24
2.6 Modeling Agricultural GrOWLN..........ooiiiiiiiiiieeeeeeeeeeeeeeeeee ettt et e eeeeeeeeeseeesssseseseseeesesaeees 25
2.7 THe NEW GrOWEN TREOIY ...ceeiiiiiiiiiiieeeeeeeeeeee ettt ettt ettt eeeeeeeeeeeeeesaesasssssssasssssssssassssssssssssasssenaenes 25
2.8 Agriculture and PoVerty redUCTION ..........eiiiiiiiiiiiiiieeeieeeeeeeeeeeee et eeeeeeeeeeeeeeeeeeeeesesesesessessserearreereees 26
2.9 Rural diversification as the conceptual frameWorkK.............evvvviviiiiiiiiiiiiiiiiiiieeeeeeeeeereeeeeeeereee e, 27
2.10 Agricultural growth MOEIS.........ceviiiiiiiiiiiiiiiiiiieieeeeeeeeeeeeee e e e ee e eesarassererererrreaaeee 29
2.10.1 The Conservation MOEl ..........cooiiiiiiiiiieiiiee et 29
2.10.2 The LOCation MOEl .......couiiiiiieeece et e e e e s 29
2.10.3 The Diffusion MOGEL.......cccoiuiiiiiiiie ettt et e st e e s st e e e snbeeee s 29
2.10.4 The High Payoff INPUL IMOGE.......cooiiiiiiiiiieeeeeeeeeeeeeeeeeeeeee ettt e e e e e e e s e eeseesessesseseseaaeees 30
2.10.5 INdUCEA INNOVALION ...ttt e st e s e e s e e e snree e s 31
2.10.6 Threshold IMOTEIS .........eeiiiiiiiieieeeee et e s e e s e e e snreeeeas 31
2.11 The Reasons for Agricultural SUccess and FAilUre ...........oeevvviieiiiiiiiieiiiiiiieeeeeeeeeeeeeeeee e eeaneees 31



2.12 Five different rural worlds in South Africa: the agricultural sector is divided into five worlds
(OECD, 2003) .. uuuutiieieeeeeeeeecitirte e e e e e e e eeettbreeeeeeeeeeettaraeeeaeeeeeassstraasaaeeesaassssasesaaeeeesaaissssereeeeeseeasssranees 32

2.12.1 Rural World 1 — large-scale commercial agricultural households and enterprises ................ 32

2.12.2 Rural World 2 — traditional landholders and enterprises, not internationally competitive.... 32

2.12.3 Rural World 3 — subsistence agricultural households and micro-enterprises........................ 33
2.12.4 Rural World 4 — landless rural households and micro-enterprises..........ccccccceveiiiiiinnnnnnnn. 33
2.12.5 Rural World 5 — chronically poor rural households, many no longer economically active.....33
2.13 Framing agriculture’s contribution to pro-poor growth in the new context ............ceevvvvevvvevennnns 34
2.14 Increasing the agricultural sector’s ProduCtiVIty .........eeeieiiiiiiiiiiiiiiiieieeeieeeeeeeeeeeeeeeeeeeee e eeeeeees 35
D I 1 F= 1| Yot | LR T=d A ol U L U PRt 36
2.16 Intensifying input-based ProduCtion ...........ceiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeee e 37
2.17 Managing natural resoUrces DELLEN ......uiiiiiiiiiiiiiiiieieeeeeeeeeeeeeeeeeeeeeeeee e 38
2.18 DiIVEISITYING OULPULS ....eeeeiiiiiiiiiiiieieeeieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeesesesssssaesssssssssassssssrsssssssssssssessssrerreee 39
2.20 IMProViNg MArKET @CCESS .vvvvveriiiriiieiiieirieeereeeeeeeeeeeeeeeeereeereeereeeeeeeearrerrreereererrrrrerrrrreereerrererrrrrrre. 40
D A oA N o T o 1T AV =4 oY £ PP 40
2.22 Opening access to rural land by outside iINVESLOrS .........evviiiiiiiiiiiiiiiiieieirreeeeeeee e 41
2.23 INCreasing acCess t0 fINANCE . ...vvvviiiiiiiiiiieeieeeeeeeeeeee ettt e e e e e e e e eeeeeeeeeeereeaeeaeareeeeereerreraeee 41
2.24 IMProVing INFrastrUCTUNE .....eiiiiiiiiiieieieeeeeeeeeeeeeee ettt e e e ee e e e eeeeeeeeaeeeeeeaetesaeaseeeesseeseeeseeaeee 42
2.25 Improving institutions for higher productivity and greater market access ..........uvvveevvvvvereveveennns 43
2.26 Small producers for Mark@tiNG .........ceeeiiiiiiiiiiiiiiiieeieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeresereresreerrererrreaaeee 44
2.27 The Role of Agriculture in Economic DevelopmeNnt............oevviviiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeee e eeeeeeeeees 45
2.28 Direct contribution to economic growth via Lewis [iNkages ...........uvvvevveviviiiiiiiiireiiiiieeeeeeeeeeeeeeenns 47
2.29 Indirect contributions to economic growth via Johnston-Mellor linkages .............cvvvvevevveveevennnns 47
2.30 Roundabout contributions from agriculture to economic growth...........ceevvvvvvvviiviiiiiiieeeeeeeeennens 48
2.31 Connecting Agriculture to Poverty REAUCLION .......cooiiiiiiiiiiiii e 50
2.31 Valuing the poverty-reducing role of agriCulture .............ooevviiiiiiiiiiiiiiiiieiieeeeeeeeeeeeeeeeee e eeeeeees 51
PN ¥ Oe ] Tol [0 T o I PP OPT 52
(08 o A el o | o N I o | = PP 53
3.0 INTRODUCGTION ...eiiiiiiitiiiee ettt e e e e ettt ee e e e e e et eetbba e e e eeeeetasbaaa e e e eeeaeeassaaa e eeeeeeeesnnannaeaaanes 53
A= ot 0 1 NN 54
3.1 ECONOMIC CONEIDULION ..eeiiiiiiiiiieiee et e e e s e e e e e e s s annneeeeeas 54
R ] =T o[ Tl OO PP PP PPUPPP 55



3.3 Droughts and food SECUNITY ...coceiiiiiiii e, 55

R [ g T= - o] o PP UPPPPUTPPTNN 56
3.5 Historical background of the agricultural sector employment in South Africa.......................... 58
3.6 Drivers of employment in the agricultural sector.............cccc 61
3.7 Regulatory environmMent ... 61
3.8 Adoption of new production methods/technology ..........cccvveeviiieeeeiiiieie e 62
3.9 Promoting innovation and entrepreneurship (new business formation) ..........cccccceeeeiiiivvnineeen. 63
310 POLICY ettt et ettt et e ettt et et et et et s n st e et et et et erenennas 65
I8 R 1Yo T ] o s o H O TP PP UTOPPUPP 66
I8 A C1 4011 4 E T TP TP PP 67
SECTION B ittt ittt ettt ettt ettt e et e e s ettt e e e bttt e e s aabb e e e e aabb e e e e eabbe e e e s aabbeeessanbeeeesnbaeeesanbeeeessannes 68
3.13 Empirical evidence (INternational)..........cccuviiieiiii i 68
I X o] o Tol [ V1Y [ o TP TP P PP UT PP ORI 79
CHAPTER FOUR . .ottt e ettt e e e et e e et e e e e e eab e e e eren s 80
A INTRODUCGTION ...iiitiieeiittee ettt ettt ettt e e ettt e e s aab et e e s ettt e e e eab bt e e e s aabbeeeseabbeeeesanbaeeesaanbeeeesanbaneesanns 80
4.1Cobb—Douglas production fUNCLION.......ccooeeiiiiie e, 80
4.2 Time Series Data Analysis TEChNIQUE.....ccceeeeee e, 83
I =Y [o] - L) RV (=] £SO UPPPPPPPPNN 84
Sy - 1 o ] o - o | 1Y 85
R o T [ a1 =Y =1 = f o o 1S 86
4.6 Vector Auto-Regressive (VAR) MOEI .......uueeiii ittt e e eabrre e e e e e e e aaens 86
4.7 Co-integration iNThe VAR ... 88
4.8 Vector Error Correction Model (VECM) ...coooviiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 90
4.9 Deterministic Components in @ VAR MOEl........coooiiiiiiiiiii e e e 90
L I Y =4 (S =T TV 4 Lo [ RPN 92
4.10.1 The Fully Modified Ordinary Least Squares (FMOLS) TESt ......cevvvriiiiriiriiiieieeeeeeeeeeeeeeeeeeeeeeeees 92
4.10.2 Canonical Cointegrating Regressions (CCR)........ccuuiiiiuriireeeeeeeriirreeeee e e e eeciireee e e e e e e e sanrreeeeas 92
4.10.3 The Dynamic Ordinary Least Squares (DOLS) TESE.......uuvireeeeeiiiiiirieieeeeeeeeiiitreeeeee e e e eeevvveeeeas 93
4.11 A theoretical and practical basis for the choice of variables..............ccccc 94
o B D =) - o 11 o] 94
4. 13 NAture Of the data ...ccceeieiieeee et e e e e e e s s e e e e e e e s 95
4.14 Estimate of labour and capital for the sub-sector data........cccccieeeiiiiiiciiiie e 95



o N 0o Y T [V 1Y o o TN 96

L NS S Y PP 97
5.0 INErOAUCTION. .ttt e e ettt e e e s ettt e e s sbb e e e s mbee e e s aanreeessannees 97
LT D 1Tl g Yo T o o) - - 98

5.1.1 Graphical Analysis of Data.......ccccoeeiiiiiii 98
I - Lo =1 YA =T £ PP PP PPPPRRRTPPPPPRE 104
5.3 VAR and VECM EStiMation ProCESSES ......ceeiiiiiiiiiuiiiiiieeeeeeeiiiiiiteeeee e e e siirreeeeee s e s s siireeeeeeessssnnnnes 106

5.3.1Lag Length Selection.........cooiiiiiiiii 106

5.3.2 Stability of the VAR ... 107

5.3.2.1 The VECM ESEIMATioN ..ccciiuiiiiiiiiiee ettt ettt et e e sttt e e st e s s abee e e e 107

5.3.2.2 Deterministic COMPONENTS ......iiiiiiie e e e e e e e e e e e e e e e e eeaa e e eeanaeees 107
5.4 Cointegration TSt RESUILS .....uuuuueiiiiiiiiiiiiiiiiiii s 110
5.5 VECM ANalysisS @Nd RESUILS....uuuuuuuiiieiiiiiiiiiiiiiiiiiiiii s 112

5.5.1 Aggregate Agricultural Sector Production Function Analysis............ccccc . 113

5.5.2 VECM Estimates - Maize Subsector Production Function Analysis...............cccccl. 116

5.5.3 VECM Estimates - Wheat Subsector Production Function Analysis...............ccccceeeiiel. 119
5.6 Single Equation Estimation Methods..........uuuuuuiiiiiiiiiiii s 122

5.6.1.a Fully-Modified Ordinary Least Squares (FMOLS) : Aggreagted data production function... 122

5.6.2. a Canonical Cointegration Regression (CCR) : Aggregated data production function........... 123
5.6.3. a Dynamic Ordinary Least Squares (DOLS) : Aggregated data production function.............. 123
5.6.1. b Fully-Modified Ordinary Least Squares (FMOLS) : Maize production function .................. 124
5.6.2. b Canonical Cointegration Regression (CCR) : Maize production function .......................... 124
5.6.3.b Dynamic Ordinary Least Squares (DOLS) : Maize production function...........cc..cceeecuvvnnee.. 125
5.6.1.c Fully-Modified Ordinary Least Squares (FMOLS) : Wheat production function .................. 125
5.6.2 .c Canonical Cointegration Regression (CCR) : Wheat production function.......................... 125
5.6.3.c Dynamic Ordinary Least Squares (DOLS) : Wheat production function............................. 126
5.7 Summary of Long Run Cointegrating Coefficients: Wheat production function..............cccccuu..... 127
TR 23 0o 3Tl TV o] o OO PUPPPTRt 129
(00 o e L ] PP 130
SN O [ gk goTe [FTor i To T o FUU TP PPPUPPPTNt 130
6.1 SUMMArY Of the STUAY coevvveee e e e e e e e e e e e e e e e e e a it e e eaeaes 130
6.2 Methodology and Data iSSUES .....ccuuuuuiieeeeiieiiiiiiee e e e e eeeetee e e e e e s e e ettt e e e e e e eeesstaaeeeeeeeseesssnaneaeaeens 131



6.3 SYNthesis Of the RESUILS ....uuuueiiiiiiiiiii s
6.4 Policy Implications and Recommendations ............uuuueeueuuuuiiniiiiiaes

6.5 Recommendations for FUTUIrEe RESEAICH .........uuiiiiiiiiiiiec e

RETEIBNCES ...t e e
Appendix A

Figure Al - Graphic Plots of Aggregated Data in first differents I(1)....c.ccccoevveierrennens 150
Table Al- Summary of Unit Root Test Results : Aggragted Subsector I(0).................. 151
Table A2 - Roots of Characteristic Ploynomial : Aggregated Data........ccceeevvveeecennnen 153
Figure A2 - Inverse Roots of AR Characteristic Ploynomial : Aggregated Data........... 153
Table A3 -VAR Lag Order Selection Criteria : Aggregated Data.......c..cccceeeevereerrvrrennne. 153
Table A4 - Fully Modified Least Squares : Aggregated Data.......c..ccccevvceierieineneee e 154
Table A5 - Dynamic Least Squares : Aggreagated Data........ccceveeveeceeceneneseseseciennns 154
Table A6 - Canonical Cointegration Regression : Aggregated Data .........ccceceeeeeevrenenn. 154
Appendix B

Figure B1 - Graphic Plots of Maize Subsector in first differents [{1).......ccccoeeeverreennns 155
Table B1 -Summary of Unit Root Test Results : Maize Subsector [(0)..........cccuuu..e... 156
Table B2 - Roots of Characteristic Ploynomial : Maize Subsector Data..................... 156

Figure B2 - Inverse Roots of AR Characteristic Ploynomial : Maize Subsector Data..156

Table B3 - VAR Lag Order Selection Criteria : Maize Subsector Data.......c.ccccecvervrvenenee. 157
Table B4 - Fully Modified Least Squares : Maize Subsector Data.........cccceeeeeeeeeerecnnen. 157
Table B5 - Dynamic Least Squares : Maize Subsector Data........cccccecevveevesececveceeiienns 157
Table B6 - Canonical Cointegration Regression : Maize Subsector Data ............cc........ 157
Appendix C

Figure C1 - Graphic Plots of Wheat Subsector in first differents [(1)......cccccccecueveneneee. 158
Table C1 - Summary of Unit Root Test Results : Wheat Subsector 1(0).........ccccceuueeee. 159
Table C2 - Roots of Characteristic Ploynomial : Wheat Subsector Data............c.c........ 159

Figure C2 - Inverse Roots of AR Characteristic Ploynomial : Wheat Subsector Data..161
Table C3 - VAR Lag Order Selection Criteria : Wheat Subsector Data........ccccccevevennenee. 160

Table C4 - Fully Modified Least Squares : Wheat Subsector Data..........c.ccocceeevvevenennns 161

10



Table C5 - Dynamic Least Squares : Wheat Subsector Data........ccccecveveveesieviecnenen. 161

Table C6 - Canonical Cointegration Regression : Wheat Subsector Data ................161

List of Tables

Table - 1.1 Descriptive Statsistics Results : Aggregated Data.......cccevvevevievenercccneinns 102
Table - 1.2 Descriptive Statsistics Results : Maize Subsector Data.......cccceevververrenneee 102

Table - 1.3 Descriptive Statsistics Results : Aggregated Wheat Subsector Data......103

Table - 2.1 Summary of Unit Root Test Results : Aggregated Data.........cccccuvveeeneee. 104
Table - 2.2 Summary of Unit Root Test Results : Maize Subsector Data................... 105
Table - 2.3 Summary of Unit Root Test Results : Wheat Subsector Data.................105
Table - 3.1 Summary of Assumptions: Aggragated Data.........cccceceeueinriniveccescecesnne 108
Table - 3.2 Summary of Assumptions: Maize Subsector Data......c...ccceeevreeceereennenne. 108
Table - 3.3 Summary of Assumptions: Wheat Subsector Data.......c.ccccceevvverveverennne 109
Table - 4.1 Cointergration Test Results — Aggregated Data........ccccceeeeeeeeeeececeeennes 110
Table - 4.2 Cointergration Test Results — Maize Subsector Data.......c.ccccecvevvrrereenenee. 111
Table - 4.3 Cointergration Test Results — Wheat Subsector Data.........ccccccueverennee. 111
Table - 5.1 VECM Estimates : Aggregated Data .......cccceeveeeeeeeceececeietereree e 113
Table - 5.2 VECM Estimates : Maize Subsector Data ........cccocceveverevernceerenereeeniennen 116
Table - 5.3 VECM Estimates : Wheat Subsector Data........cccoceveeeverieesnnecncrcncnenene 119

Table - 6.1 Summary of Long Run Cointergration Coefficients : Aggregated Data....... 127
Table - 6.2 Summary of Long Run Cointergration Coefficients : Maize Subsector Data...128

Table - 6.3 Summary of Long Run Cointergration Coefficients : Wheat Sector Data........... 128

11



List of Acronyms Used
ALA — Agricultural Labour Act

ADF — Augmented Dickey Fuller Test
AgricBEE — Agricultural Black Economic Employment

ANC- African National Congress

ARDL- Autoregressive Distributed Lag

AsgiSA — Accelerated and Shared Growth Initiative of South Africa
BCEA — basic condition of Employment Act

BMA — Bayesian Model Avergaing

CCR- Canonical Cointegration Regressions

CRLS — Center for Rural and Legal Studies

CRP — Conversation Reserve Program

DAFF -Department of Agriculture, Foresty and Fisheries

DAFWA- Department of Agriculture and Food, Western Australia
DCs — Developed countries

DEA- Data Enveloping Analysis

DF — Dickey Fuller

DFGLS — DF with Generalized Least Squares Detrending
DFID- Development for International Development
DOLS- Dynamic Ordinary Least Squares

ECM — Error Correction Model (or Mechanism)

EAP- Economically Active Person

FMOLS- Fully Modified Ordinary Least Squares

12



FPMC — Food Pricing Monitoring Committe

GDP — Gross Domestic Product

GLS — Generalized Least Squares

Ha- Hacters

I(d) — Intergrated of the order d

IFAD- International Fund for Agricultural Development
ILO — International Labour Organasation

KPSS — Kwiakowski, Philips, Schmidt and Skin Test
LDCs -Less Developed Countries

LK- Lin Capital

LL- Lin Labour

LPs — Linear Programms

MTSF- Medium Term Strategic Framework

NDA- National Department of Agriculture

NDP - National Development Plan

NPC-National Development Commission

NEDLAC — National Economic Development and Labour Council
NGO- Nonprofit Organization

NSA- National Skills Authorities

OECD — Organisation for Economic Cooperation and Development.
OLS — Ordinary Least Squares

RJ - Reserve Jump

SSA- Sub-Saharan Africa

13



Stata SA- Statitics South Africa

TFP- Total Factor Productivity

TT — Terms of Trade

UIA — Unemployement Insurance Act

UK — United Kingdom

UN- United Nations

US — United States

USAID — United states Agency of International Development
VAR — Vector Autoregression (model)

VECM - Vector Error Correction Model

WFP — Women of Farm Projects

14



CHAPTER ONE

1.0 Introduction

Since 1994, the main challenge for South Africa has been the marginalisation of the poor, especially the
rural poor. Combating this social inequity requires changes in access to both natural resources and
public goods which include: land, water, education, health services, skills training, improved rural
infrastructure and other government services. The agricultural sector is of vital importance in solving the
crisis faced by the South African economy as it has major implications for job creation, rural
development, food security and foreign exchange generation. According to the National Development
Plan (NDP) the agricultural sector has the potential to create close to a million new jobs by 2030, a
significant contribution to the overall employment target. The agricultural sector includes all activities
relating to actual farming, the supply of inputs such as fertilizer and the processing and distribution
aspects that add value to farm products (National Treasury, 2003). This can only be achieved by
supporting agricultural sub-sectors with potential for long-term, sustainable expansion in production
and value adding processes. The Agricultural sector is like any other business sector for it attempts to

maximize profit through the choice of an optimal input mix given the market price.

Agriculture contributes to both income growth and poverty reduction in South Africa, by generating
income and employment in rural areas and providing food at reasonable prices in urban areas .The
agricultural sector also offers seasonal employment to a significant number of households. However,
with the introduction of democracy in 1994, and the appointment of the first African National Congress
(ANC) Minister of Agriculture in 1996, the South African economy started to undergo significant changes
with the government implementing various policies aimed at addressing the injustices of the past. These
policies included: land redistribution, minimum wage legislation in the agricultural sector, expansion of
the welfare system and improving competitiveness as South Africa becomes increasingly open to the
global economy. These policies have, directly or indirectly, impacted on the production processes under

the agricultural sector.

The United Nations (2013) has warned that severe weather in the United States and other food-
exporting countries such as South Africa could trigger a major hunger crisis in the next few years.
According to the Department of Agriculture (2013) historically, agriculture accounted for approximately

15.2% of Gross Domestic Product (GDP) in the 1950s and 10% in the 1960s and now accounts for less
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than 5% of GDP. Services and manufacturing have overtaken agriculture in terms of its contribution to
GDP. However, though the relative size of the agricultural sector has been declining, the value added by
the agricultural sector showed an annual average growth rate of 1.7% over the past 10 years. It is widely
known that increased food production will ensure that the growing population is food secure. Therefore,
the role of the agricultural sector in alleviating poverty and ensuring food security for all take
precedence over all the other roles it has from a food security point of view. According to Yanggen et al.,
(1998), to increase rural incomes and meet growing food demands Sub-Saharan Africa (SSA) must
improve agricultural productivity, SSA is the only developing region where per capita food production
has been declining; the region now has the largest cereal deficits in the world. If there is no change in
productivity, deficits will more than triple by 2020. Fertilizer is a powerful productivity-enhancing input,

but Sub-Saharan Africa uses very little.
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1.1. Motivation of the study
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Figure 2 Farm numbers, farm area (hectares) and farm size

Source: Liebenberg and Praday, 2010

Agricultural inputs, in general, varied in terms of growth. From the above graph one can trace the
impact of structural changes in farmland usage since 1918. Farmland grew by 91.8 million hectares in
1960, declining in 1996 to 82.2 million hectares. Between 2000 and 2007 it constantly remained within
the range of 83.7 million hectares (Conradie et al, 2009). Black farmers’ share of area farmed in 1918
and 1991 was 15% and in 2000 it doubled to 30%. The twenty-first century saw a declining number of
farmers and a steady growth of average farm size. In 1918 farm numbers and average farm size were
estimated at 76,622 and 1,006 hectares respectively whilst in 2007 these were 44,575 and 1,400
respectively (Statstistic South Africa, 2011).

On the other hand intermediate inputs have increased since 1947/48; their share of total costs in
1947/48 was around 30% compared to 50% in 2006/2007. That being the case capital costs has
increased within the same period whilst labour costs have reduced from 36% in 1947/48 to 15.1% in
2006/07. Land costs saw a fluctuation over this period. In 1947/48 these were 6.6% and it grew to

15.55% and later declined to 3.0% of the total costs. The reason for this change was the introduction of
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tractors in the mid 70s compared to the use of oxen in the 40s. In the twenty-first century the drastic
decline in area planted was due to increasing costs of operation which therefore led to a reduction in

the number of farmers and thus the amount of land planted (Liebenberg and Praday, 2010).

In the light of the above scenario it is important for policy and planning purposes to assess the
productivity of land, labour and capital at both the aggregate and sectoral levels-more especially since
no studies have been conducted using the Cobb-Douglas production function framework to undertake
such analyses, within the South African context. Studies by Liebenberg and Praday (2010) and studies
commissioned by the Agriculture and Fisheries Department mainly focus on broad trends in the data
without engaging in any rigorous quantitative estimation analyses, using the latest time series

methodological approaches.

1.2 Problem statement
Due to changing economic climate and policy reforms that have been implemented over the years, have

largely impacted on agricultural input costs, thus resulting in the number of commercial farms declining
from 90422 in 1971 to 39 982 in 2007. Moreover commercial farms have become larger and more
capital intensive. Over this period, the average number of employees per farm remained largely the
same, but while average farm sizes has increased, the number of workers per hectare has declined

(National Planning Commission, 2009).

Information about productivity of land, capital and labour can provide valuable predictions on
outcomes should more land, capital and labor be released into the mainstream economy, for example
via the land restitution programs. Some qualitative research has been conducted by Edor (2007) with
regards to agricultural production. However, his study failed to provide indications of the magnitude of
the marginal the elasticities of land, labour and capital, knowledge of which is critical for any policy

interventions by government or investments allocations by the private sector.

No South African studies, to date, have estimated a Cobb-Douglas production function for the South
African economy or the agricultural sector or any of its subsectors. Such insights are critical for the
understanding of the sector and subsectors so that appropriate policy interventions can be introduced.

Moreover estimates of the marginal production function of land, labour and capital derived from the
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estimated Cobb-Douglas functions can assist both policy makers and potential investors in making

effective decisions.

1.3 Objectives of the study

To estimate agricultural production functions at both the aggregate and subsectoral levels in order to
determine the productivity of land, labour and capital, while maintaining rainfall levels as a control
variable. The second objective is to derive plausible estimates of the marginal productivities of land,
labor and capital through the use of the Cobb-Douglas methodology. The third objective of this study is
to establish the nature of the long and short run relationships between land, labour and capital in the

aggregate sector and the maize and wheat subsectors.

1.5 Intended contribution
This will be the first South Africa study to estimate Cobb-Douglas production functions at both the

aggregate and the sectoral levels. This analysis will shed light on the contribution of labour, land and
capital to agricultural output at aggregate and the maize and wheat sub-sectoral levels. Knowledge of

such quantitative estimates is critical for policy planning and agri-business investment purposes.

1.6 Hypotheses
H1= There is a long run co-integration relationship between capital, land, labour, rainfall and aggregate

agricultural output in the South African economy.

H2= There is a significant positive relationship between the long-run behavior of sub-sectoral
agricultural output, land, capital, labour and rainfall for South Africa.

H3= The number of farms has indeed declined due to larger farmers being more capital intensive
resulting in huge increases in the marginal productivities of land and capital.

H4= Land and capital have become more productive than labour inputs over the years at both the

aggregate and the sub-sectoral levels
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1.7 Organisation of the Study
The dissertation consists of six chapters. Chapter two presents and discusses the theoretical background

that will assist in exploring critical determinants of economic growth and the role played by different
variables that affect national output growth, in general and agricultural output growth, in particular.
Moreover, the chapter gives an account of the conceptual literature behind agricultural linkages to

economic growth and a historic overview of the South African agricultural sector.

Chapter three conducts a literature review on the empirical literature on agricultural production in both
the local and global contexts. The chapter first presents the profile of the South African agricultural
sector and reviews the productivity growth studies in South Africa .Thereafter; the chapter undertakes a
review of the literature on agricultural productivity growth studies. Moreover, the chapter gives a brief
account of the literature that employs the various methods in estimating productivity growth and points
out that they have vyielded different results due to different assumptions and methodological
characteristics. Additionally, the literature review endeavours to identify the general findings on the
subject matter and gaps that this study may address. Lastly, the empirical review will be used to identify
appropriate variables and models to estimate in order to quantify the relationship between critical input

variables and production output in the South African context.

Chapter four explains all relevant statistical estimation concepts, techniques and the econometric
specification of the models to be estimated in chapter five. The chapter is divided into sections that
cover time series statistical estimation methodology and model specification. Under the first section,
the concepts of stationarity, cointegration and their designated tests are presented, followed by Vector
Autoregressive (VAR), Vector Error Correction model (VECM), fully modified ordinary least squares
(FMOLS), dynamic ordinary least squares (DOLS) and canonical cointegrating regressions (CCR)
modelling frameworks and functionalities. The second section covers the theoretical model to be

estimated and a description of the chosen variables that enter the study’s econometric model.

Chapter five discusses the empirical analysis, gives detailed explanations of the various phases of the
estimation procedure and discusses the results of this study. The analysis begins with preliminary
examinations to determine the basic properties of the data used for econometric analysis and to guide

the investigator in the selection of appropriate estimation techniques to employ. The short- and- long
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run interactions of the study’s growth model are examined through the use of the VAR and VECM

frameworks. Single equation estimation methods, which include the FMOLS, DOLS and CCR.

Chapter six concludes the study by conducting a succinct summary of the empirical findings and outlines
their relevance to policy prescriptions pertaining to the general agricultural sector and the two
subsectors that were investigated. Accordingly, policy recommendations, strengths and weaknesses and

future research directions of the study are provided.
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CHAPTER TWO
THEORITICAL BACKGROUND

2.0 INTRODUCTION

As this research paper will be looking at fundamental factors contributing to South African agricultural
growth and the level of productivity for different factors of production, it will be of critical value to look
at the different scholars involved in the development of different growth theories and the gaps that
were identified within these growth theories. Firstly the researcher will look at the well-known growth
theories which offer a much broader perspective of the micro and macro aspects of the overall theory.
Thereafter the theory will specifically focus on the growth theories involving the agricultural sector.lastly
discussing the challenges and proposed instruments under the sector aligned with the theories

discussed in this chapter.

2.1 The Harod Domar Model

The first wave of interest in growth theory was associated with the contributions of Harrod and Domar
which came into existence as a by-product of John Maynard Keynes’s General Theory. This model
extended the Keynes’s analysis into the long-run by considering under what conditions a growing
economy could realize full capacity utilization and full employment. The Harod Domar Model suggested
that economic growth rates of any economy depend on two things which are the level of Savings (higher

savings enable higher investment) and Capital Output Ratio (efficiency of investment).
Formula for Harod Domar

g=s/c(1)

Where

g=is the economic growth rate, s= S/Y is the ratio of saving to income, c= is the marginal capital-output
ratio. It is argued that in developing countries saving rates are often low, if left to the free market.
Therefore, there is a need for governments to increase the savings rate in an economy. Alternatively,
developed countries could step in and transfer capital stock to the developing countries, which would
increase the productive capacity. This model within the scope of the agricultural sector explains the
intervention of government in the agricultural sector through providing cheap loans, land redistribution
and polices to support small farms in an aim to maintain efficiency and boost growth which can only be
done if our government has enough savings to maintain the capital output ratio or turn to the

developed world for assistance.
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2.2 Solow Growth Model

The second wave of interest in growth theory was launched by the development of the neoclassical
model by Robert Solow (1956), where he investigated the long run development of the economy under
the influence of population growth, technical progress and capital formation and used a linear-
homogenous Cobb-Douglas function with a geometric trend factor for technological development. This
model employs similar variables that are employed in the Cobb-Douglas production that this study will
attempt to estimate, but the Solow growth model converts capital as an exogenous to an endogenous
variable and capital accumulation is taken as the engine of the long run economic growth. The Solow-

tradition growth theory is based on the following production function:
Y(t) = FIK(t),A(t),L(t)]

where Y is output, K is physical capital, A is an index of overall productivity, and L is the labour force;
there are constant returns to scale and decreasing returns to capital. With these assumptions, income
growth can come from the increased efficiency of productive inputs, i.e. an increase in A, or the
augmentation of such inputs, i.e. an increase in K and/or L. Positive growth rates can be sustained if, and
only if the decreasing returns to the accumulation of capital are offset by population growth, or if the

marginal productivity of capital is constantly shifted upwards by technical progress.

The Solow growth model is directly relevant to this study because it mostly focuses to the factors of
production that influences economic growth. The Solow model focuses on the factors like capital and
labour, Ehrenberg and Smith (2009). Which is also the main focuse of this study but looking at the
agricultural sector and its subsectors, capital and labour are important control variables in the

econometric modelling as covered in chapter 4.

2.3 Kaldor Model of Economic Growth
The Kaldor growth model was designed to replace the conventional Solow growth model, with its

exogenous trend of technical progress, by more realistic models that generate increasing returns (to
labor, capital and/or scale) as a result of endogenous technical progress. In contrast to the Solow model,
the new model suggested that policy interventions can affect the long-run rate of economic growth. The
rates of change in capital intensity and per-capita-output represent the dependent variables of the
model. Growth is determined by three functions according to this model which include a saving
function, an investment function and a technical progress function, all of which are crucial and relevant
to the agricultural sector growth, especially since agriculture production in South Africa and elsewhere is

becoming increasingly mechanized and fertilizer driven.
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2.4 Cobb-Douglas production function
The Cobb-Douglas functional form of production functions is commonly used to represent the

relationship of an output to inputs. It was proposed by Knut Wicksell (1851 - 1926), and tested against
statistical evidence by Charles Cobb and Paul Douglas in 1928. In 1928 Charles Cobb and Paul Douglas
published a study in which they modelled the growth of the American economy during the period 1899
— 1922 using aggregate time series data from the US manufacturing sector on labor, capital, and physical
output, with the goal of understanding the relationship between the level of output and the quantities
of inputs employed in production. They considered a simplified view of the economy in which
production output is determined by the amount of labor involved and the amount of capital invested.
While there are many other factors affecting economic performance, their model proved to be

remarkably accurate. . The function they used to model production was of the form: P (L, K) = bL*KP?
where:

P = total production (the monetary value of all goods produced in a year)

L = labor input (the total number of person-hours worked in a year)

K = capital input (the monetary worth of all machinery, equipment, and buildings)

b = total factor productivity

o and B are the output elasticities of labor and capital, respectively. These values are constants
determined by available technology. Output elasticity measures the responsiveness of output to a