An Econometric Analysis of
Duality Based Models of Australian

Broadacre Production

A thesis submitted for the degree of

Doctor of Philosophy

by
Duong Thi Mai Nguyen
B. Agr. Eco (Hons) (UQ)

Department of Econometrics and Business Statistics

Monash University

Australia

May 2011



Notice 1

Under the Copyright Act 1968, this thesis must ts®eduonly under the normal
conditions of scholarly fair dealing. In particulao results or conclusions should be
extracted from it, nor should it be copied or clgsgaraphrased in whole or in part
without the written consent of the author. Propeitten acknowledgement should be

made for any assistance obtained from this thesis.

Notice 2
| certify that | have made all reasonable effoptsecure copyright permissions for third-
party content included in this thesis and haveknotvingly added copyright content to

my work without the owner's permission.



Contents

LISt Of TADIES....ceeiiieeee e Vil
[ o i o [N (= PP X
DT = = U1 o o SO Xi
ACKNOWIEAGEMENTS ...ttt e e e e e Xii
[ RS 01 AN o] o] =2V = 11 [0 1P Xiii
Y 011 1 - (o SR Xiv
(O gF=T o] (=1 g A [ o1 (oo [8 ox 1 o o IR PUUP PP URUSRUURRRR 1
00 R |V 0] 1)Y= 11 [0 PP PP PP RPPPI 1
1.2 Issues in Estimating an Australian Broadaagaddltural Production Model...... 3
1.3 ODbjectives Of the THESIS........cveiiiiimme ettt 7
1.4 Organisation of the THESIS .............ceeemeerviiiiiiiiii e 9
Chapter 2LIterature REVIEW .........cueiiiiiiiiiiiiiiiieememeeeeieeaieeeeeieieeseeeeeneesnsnssenenesnennes 13
P2 A [ 11 (oo [ 6T i (o ] ISP PP PPPPPPPPP 13
2.2 Econometric Models of Australian Broadacrei®gture ...............ccceeeeeeeeeennn. 15
2.3 Applications of the Duality Theory of the FitmInternational Literature ......... 22
2.4 Choice of Dual Objective FUNCLION.......ccceeeiiiiiiiiiiiiieieieceeeeeeeeeeee e 29
2.5 Choice of Flexible Functional FOrm ......ccccceuviiiiiiiiiiiiiieeee e, 33
2.6 Frequent Failures in Satisfying Regularity @6ons................coooooeeie. 42
2.7 Data-Related ISSUES ........oiiiiiiiiieieeemmmme ettt e et e e e e e e e eeeeeeeannnanas 46
P2 T @ 1] 111 (o] o PSRRI 49

Chapter 3Dual Economic Models for Production Decisions anelaBures oEconomic

LT 1) PR 51

10 I [0 1 (o To [ T3 1o ] o U 51



3.2 ProduCtion FUNGCHON .....ee e et ee e e e e aeas 52

3.2.1 Single-output Production FUNCHON........ceeiiiiiiieiieiieii e 52
3.2.2 Multiple-output Production FUNCHION .....ccccoeiiiiiiiiii, 4.
3.2.3 Measures of ECONOMIC INTEIEST........ceeeeemiiieeeei i 54
3.3 Dual Models Using COSt FUNCLIONS ........coummerrreernirinininimimennninennnennnenennns 56
3.3.1 Optimisation Problem for Multi-product Prattion Technologies.............. 56
3.3.2 Output-constrained Cost-minimising Input @echFunctions.................... 58
3.3.3 Measures of Economic and Technical Interest.........ccccccovvvviiiiiiineennnn. 59
3.4 Dual Models Using Revenue FUNCLIONS. ... oo 61
3.4.1 Optimisation Problem for Multi-product Prattion Technologies.............. 61
3.4.2 Input-constrained Revenue-maximising Oufugply Functions................ 62
3.4.3 Measures of Economic and Technical Interest..............cvvvvieiiiieninnnnnns 63
3.5 Dual Models Using Profit FUNCLIONS......ccooo i, 65
3.5.1 Optimisation Problem for Multi-product Prattion Technologies.............. 65
3.5.2 Profit-maximising Input Demand and Outpup@y Functions................... 66
3.5.3 Measures of Economic and Technical Interest..............cuvvveviieiieninnnnnns 68
3.6 The Restricted Dual MOAEIS............. o eeeeeeeiieieiieeiiiiieiieiieieeeeeieeeieeeeeeee e 71
3.7 SUIMIMAIY .ottt e e e e e et e e et e e e e e e e e eenmnnnsbb e e eee e 72
Chapter 4An Overview of Australian Broadacre Agriculture aDdta ........................ 74
4.1 INtFOAUCHION ...t 74
4.2 An Overview of Australian Broadacre AgriculProduction.................c.ueu.... 76
4.2.1 The Role of Australian Broadacre Agriculture.............ccooeeeeiiie . 76
4.2.2 Operational Conditions of Australian Broadaégriculture...................... 77
4.2.3 Competitiveness of Broadacre Agriculture R&s..................evvvveviinininnnnns 80
4.3 The Australian Agricultural and Grazing Indies Survey Data........................ 81
4.3.1 The Formation of the Quasi-Micro Farm Data............cccccceeeveeeeevieeinnnnnnn. 81
4.3.2 Selective Statistics of the Quasi-Micro F@ata ..............cccooeeeeeeviivinnnnnn... 84
4.3.3 The Pooled Cross-Sectional Nature of theshticro Data...................... 87
4.3.4 The Availability of Semi-Regional Data ..........ccooeeeeveieiiiiieeeee, 8.8
v o [o | = To Fo Vi To] g I o o Tot T U] PP 89
4.5 Other DAta SOUICES ........ccuuviiiiiiiieeeeeete e e e e e s s re e e e e e s e s seebeeeeessaannes 102



4.6 SUIMIMEATY ..ottt e et et e e e e e et et ees e e e e e e e eeebnnmnns e eeeeeas 102
Chapter 5Estimating Restricted Multi-Product Cost FunctiémsAustralian Broadacre

PrOAUCTION ... e e e s ebenennnes 104
5.1 INrOAUCTION ... e ene 104
5.2 Specification of a Restricted Translog Multdguct Cost Function ................. 105

5.2.1 The Translog Multi-Product Cost FUNCHON ........ccoooiiiiiiiiiiieeeeen 106
5.2.2 Regularity CONAItIONS .........oiiiiiimmmmm e 106
5.2.3 The Output-Constrained INput DeMAaNAS . s eeeeeeereeeeineiiaiieneainennnennn. 107
5.2.4 The Net Price and Substitution Elasticibétnput Demands.................... 108
5.2.5 Empirical IMplementation............ .o eeeeeeeeeeeeeieeiieieeieeiesieeaeseeeseannes 109
5.3 Specification of a Restricted Normalised Qa#drMulti-Product Cost Function
.......................................................................................................................... 113
5.3.1 The Normalised Quadratic COSt FUNCHIONeivvvneeeeeiiiiiiicee e, 113
5.3.2 Regularity CONAILIONS ........iiiiiiiimmmmmm e 113
5.3.3 The Output-Constrained INput DeMAaNdS .. «eeeeeeeeeieeeieiieiieiieenenne.. 114
5.3.4 The Net Price and Substitution Elasticioénput Demands.................... 115
5.3.5 Empirical IMplementation..............oueeeeeeeeeeeeeieeiieieeieeieeieeaeseaeeeaenes 115
5.4 Adjusting for Heteroskedasticity for Quasi-kid=arm Data ...................c....... 117
5.5 EMPIFCAl RESUILS ......uvuiiiiiiiiiiiiitceeeeeiieieiiieiievieiisseeseeseeanenessnenesennnneeeseeeees 119
5.5.1 Estimated CoeffiCIENtS..........cc. . ettt beeeeeeeas 119
5.5.2 Net Price and Substitution Elasticitiesrgdut Demands................cccee..... 127
5.5.3 Estimation Using Subsamples by Zone, bya®iddy Industry................. 133
5.6 Discussion of EStimation RESUILS.......ccuueuiiiiiiiiee s 134
5.7 CONCIUSION. ...ttt mmmmmn e s ennrennes 139

Chapter 6Estimating Restricted Multi-Product Revenue Funwitor Australian

Broadacre ProAUCTION....... ...t s ettt ettt mmmmne e e e e e e eeeeees 141
6.1 INrOAUCTION ... e ne e 141
6.2 Specification of a Restricted Translog Multeéuct Revenue Function .......... 143

6.2.1 The Restricted Translog Multi-Product RexeRunction ......................... 144
6.2.2 Regularity CONAItIONS .........coiiiiiimmmmmm e 144



6.2.3 The Input-Constrained Output SUPPIIES -.eceeevviiiiiiiiiiiiiiiiiiiiiiiiiiiiiane 145

6.2.4 The Net Transformation and Price Elastisitié Output Supplies............. 145
6.2.5 Empirical Implementation............ .o 147
6.3 Specification of a Restricted Normalised Qa#dMulti-Product Revenue
FUNCHION. ...ttt e e eaees e e e e e e e e e 148
6.3.1 The Restricted Normalised Quadratic Multe@uct Revenue Function ...149
6.3.2 Regularity CONAILIONS ........ciiiiiiiimmmmmm e 149
6.3.3 The Input-Constrained Output SUPPIIES «.eeeeeevervrrvrriiiiiiiiiiiiiiiiiiininnnnnnens 150
6.3.4 The Net Price and Transformation Elastisitié Output Supplies............. 150
6.3.5 Empirical Implementation............ .o 151
6.4 EMPIFCAl RESUILS ......evviiiiiiiiiiiiitceeeeeeeeveeiieivevieiveveeevebeeabeaeseeeaesnnnneeeeeeeeeees 152
6.4.1 Translog Revenue Share SYStem ......cccccceaeiiiiiiiiiiiiiiiiiiiiiiiiiiniienenes 152
6.4.2 Normalised Quadratic Supply Quantity System...............cccceeeeveieeennnn. 155
6.4.3 Net Price and Transformation Elasticitieaftput Supplies.................... 160
6.5 Discussion of EStimation RESUILS.......ccuummuoiiiiiiei s 162

Chapter 7Estimating a Restricted Multi-Product Profit Functifor Australian

Broadacre ProAUCTION..........uuiiiiiiie s s ettt sesesesbeebesbsssessssmmmmee e e e e e e eeeeees 166
7.1 INErOAUCTION ... e nr e 166
7.2 Specification of a Restricted Normalised Qa#dmulti-Product Profit Function
.......................................................................................................................... 167

7.2.1 The Restricted Normalised Quadratic Multe@uct Profit Function........ 168
7.2.2 Regularity CONAItIONS .........ooiiiiimmmmm e 168
7.2.3 The Input Demands and Output SUPPHES. .cceeeeeniiiiiiiieee e, 169
7.2.4 The Gross Price and Substitution/TransforomeElasticities ................... 169
7.3 Empirical EStMAtiON..........viiiiiiiiiieeeeees e 170
7.4 EStimation RESUIS..........ooo i 171
7.4.1 Estimated COEffICIENTS............... et ee e e e eneeee s 171
7.4.2 Gross Own- and Cross-Price Elasticitiesngfut Demands and Output
SUPPIIES e ————————arnranae 181
7.4.3 Gross Elasticities of Substitution and Tfan®ation................cccvvveeeeennn. 183
7.5 Discussion of EStimation RESUILS.......coeeeeiiiiiiiieiiiiiiiieeeee e 188



7.6 SUIMIMAIY ..ttt et e ettt e e e e e et e e e b e e e e e e aaeeeeeeeenrnnan s 192
Chapter 8 The Estimated Cost, Revenue and Puaficttons of Australian Broadacre

Production CONrasted............oooiiiiii ittt nnmneeeeeeeeeeeeees 195
8.1 INrOAUCTION ... e e 195
8.2 Goodness-of-fit of Estimation Results Congdst..............cccoeeiiiiiiiiiiiinninnen. 197
8.3 Theoretical Regularity Conditions Contrasted...........cccoevvvveiiiiiiiieeeenennns 98l
8.4 The Estimated Elasticities Contrasted and GOATD..............ceeeveeveereevieieniennnns 200

8.4.1 The Le Chatelier-Samuelson PrinCiple ..........ccccooviiiiiiiiiiiiiiiiiiciieeeneeenn 200
8.4.2 The Net and Compensated Price Elasticit@®igared..............c.ccceeveeeeee. 207
8.4.3 Allen Partial Elasticities of SubstitutiondaTransformation Contrasted and
COMPATEA... ..o e ae e e nne 211
8.4.4 Morishima Elasticities of Substitution an@rsformation Contrasted and
[@0] 41 o =1 =T o PSPPI 215
8.5 CONCIUSION. ..ottt et e e e eaeeens 219

Chapter 9 Estimating Australian Broadacre Produaciilodels Using Semi-Regional

Data—An Empirical Investigation into AggregatioBUES. ............uuvvrveeeereereereeeeenennnns 221
9.1 INErOAUCTION ... e eenreene 221
9.2 Semi-Regional Data and Empirical Implementatio.................uveermvieeenninnnnnns 223
9.3 The Restricted Multi-Product Normalised Quédraost Function.................. 224
9.4 The Restricted Multi-Product Normalised Quédevenue Function........... 229
9.5 The Restricted Multi-Product Normalised Quédrarofit Function................ 234
9.6 DISCUSSION N0 SUMIMIAIY ....uuuturriiinnimmrmnaneeeeeeeseeeeeseeseseresresnereernsrrrrrrnnenee 242

Chapter 10Summary and CONCIUSIONS ........uuuuiuiiiiiiiiiii s 244
10.1 Summary of the ThESIS.......coooi i e 244
10.2 Key Estimation RESUIES .........ooiiiiiiieeeee e 245
10.3 Three Alternative Formulations of Duality-bd€£conometric Models of
(g oo (¥ ox (o] o PR U PP 247
10.4 Choice of FUNCIONAl FOIMS........ooi i 249
10.5 Impacts of Data AQQregation ........... e ««.eeeeeeeeeeeeemrmemmmmmmmennmenennneneenee 249
10.6 Limitations and Future Research ... 250

\Y



RGN (=] (=] 0 (o1 SISO 254

Appendix A: Definition of Variables in AAGIS Data...........ccccceeviviiiiiiiiiiiiiiiiiieeee 127
Appendix B: The MCEIroy System-WId€R............cccoviveeeeieeeeereeeeeeseesseseenns 278
Appendix C: Bootstrapping Standard Errors for BG8eS ..., 279

Appendix D: Heteroskedasticity in the System ofr8Haquations Derived from the
Translog COSt FUNCHON ........oiiiiiie ettt e et e e e e e e e eeeeeeeaennes 281

Vi



List of Tables

Table 1: Common Flexible FUNCtiON@l FOIMS ... vvveeiiiiieieneisiiiieiee e 35
Table 2: Average Values of Selected Inputs and @stpy Broadacre Zone............. 85
Table 3: Average Values of Selected Inputs and @stpy Broadacre Industries....86
Table 4: Average Values of Selected Inputs and @stpy Operational Size............ 86
Table 5: Translog Cost Function—Estimated ParamatérSystem of Derived Input
Demand Share EQUALIONS ...........ccooii o ettt eteeeeeteeteeeeebeeeessessbeeeeeeeeeeeeeas 122
Table 6: Normalised Quadratic Cost Function—EstedaParameters of System of
Derived Input Demand Quantity EQUAtIONS.....ccoo oo 123
Table 7: Own- and Cross-Price Elasticities of Inpemand—Translog Forfh®......129
Table 8: Own- and Cross-Price Elasticities of Inpemand—Normalised Quadratic

FOMM® Dttt 130
Table 9: Allen Partial Elasticities of SubstitutiefTranslog Cost Functich®........... 130
Table 10: Allen Partial Elasticities of SubstitutieNormalised Quadratic Cost
FUNCHON® Pttt ettt ettt vn e, 131
Table 11: Morishima Elasticities of Substitution—amslog Cost Functioh®............ 132
Table 12: Morishima Elasticities of Substitution—iNmlised Quadratic Cost
FUNCHON® Pttt ettt rn e 133
Table 13: Translog Revenue Function—Estimated Petens of Derived Revenue
SNAIE SYSTEM ... er e e e ettt ettt ettt tte bttt e bae bbbttt bt bbbt e e e e ne e et et e eeeeeeeeees 156
Table 14: Normalised Quadratic Revenue Function+riaged Parameters of Derived
Output SUPPlY QUANTILY SYSTEM .....uviiiiiiiiiemememsiiiiitiieiii s meeeees 157
Table 15: Own- and Cross-Price Elasticities of @QUBUPPIY? °........coovveveeeveeeeeen. 161
Table 16: Allen Partial Elasticities of Output Tséormation® ®..............cccocevveennen.. 162
Table 17: Morishima Elasticities of Output Transf@tion® °.............ccccovvverennn.. 162

Table 18: Estimated Parameters of System of Sugpdly Demand Quantity Equations

Derived from Normalised Quadratic Profit FUNCION.............ccovviiiiiiiiin e, 4

vii



Table 18 (continued): Estimated Parameters of 8ystieSupply and Demand Quantity

Equations Derived from Normalised Quadratic Pretinction ................ccccoeeeeveeenn. 175
Table 19: Own- and Cross-Price Elasticities of Syjppd Demand®..................... 186
Table 20: Allen Partial Elasticities of Substitutiand Transformatiofi®.................. 187
Table 21: Morishima Elasticities of Substitutiordafransformatio"..................... 189
Table 22: The Goodness-of-fit of Three Restrictedrmalised Quadratic Dual
FUNCLIONS ...ttt e e e e e e e e e e e s e e e e e e s 198

Table 23: Monotonicity Condition — Percentage ofghlitve Predicted Supply and
Demand QUANTITIES .......ccceieeieeiiiie e eemem e e e e e e e e e e e et e eeeeaaeeeeeseenaaanns 199
Table 24: Own-price Elasticity Estimates from ThBagal Function$....................... 201
Table 25: Cross-price Elasticities of Input DemaNét Estimates from Cost Function
and Gross Estimates from Profit FUNCHON............ccceiiiiiiiiiceccec e, 202
Table 26: Cross-price Elasticities of Output SuppgWet Estimates from Revenue
Function and Gross Estimates from Profit Funcian...............cccccooiiiiiicn 202
Table 27: Net an€ompensate®rice Elasticities of Input Demand from Cost andfiP
FUNCHONSY ..ottt ettt n ettt s e 209
Table 28: Net an€CompensatedPrice Elasticities of Output Supply from Revenue a
PIOfit FUNCHONS ...ttt 210
Table 29: Allen Partial Elasticities of SubstitutidNet Estimates from Cost Function
and Gross Estimates from Profit FUNCON............ccceeiiiiiiiiic e, 212
Table 30: Allen Partial Elasticities of Transformoat Net Estimates from Revenue
Function and Gross Estimates from Profit Functian...............cccccocoeviiiiiinnne. 212

Table 31: Net andCompensatedillen Partial Elasticities of Input Substitutionom

Cost and Profit FUNCHOMS®..............cooiuieieieeeeieeesie s eeees st 213
Table 32: Net an@ompensatedllen Partial Elasticities of Output Transformatifrom
Revenue and Profit FUNCHORS ...............cooiieiieeeeeee e eese s 214

Table 33: Morishima Elasticities of Input Substbat Net Estimates from Cost
Function and Gross Estimates from Profit Funcfian................cccocooiiiiiinne, 216
Table 34: Morishima Elasticities of Output Transhation: Net Estimates from

Revenue Function and Gross Estimates from ProfitHoN2............cccoeeeeeeeeeeeeeeeee.n, 216

viii



Table 35: Net an€ompensatedorishima Elasticities of Input Substitution froGost
and Profit FUNCHONE ..ot 217
Table 36: Net an€ompensated/orishima Elasticities of Output Transformatiowrin
Revenue and Profit FUNCHOAS ...............cooieiieeeeeee e eess e 218

Table 37: Parameter Estimates of Demand Systenvé&kfrom Cost Function Using

SEMI-REGIONAI DAL ....uvuvviiiiiiiiiiiiiiiiimmrmene et a e e n e a e e e e e e as 227

Table 38: Own- and Cross-Price Elasticities of npamand—The Semi-Regional Cost
FUNCHON MOGER P.......o ettt 228

Table 39: Allen Partial Elasticities of Substitutibetween Inputs—The Semi-Regional
COSt FUNCHON MOGER ..., 228
Table 40: Morishima Elasticities of Substitutiontween Inputs—The Semi-Regional
COSt FUNCHON MOGER ...ttt 229

Table 41: Parameter Estimates of Supply SystemvBerirom Normalised Quadratic
Revenue Function Using Semi-Regional Data ...ccceee oo 232
Table 42: Own- and Cross-Price Elasticities of @QutBupply—The Semi-Regional
Revenue FUNCHON MOGRBIP..........c.coovoioeeeee oottt 233
Table 43: Allen Partial Elasticities of Transformoat of Output Supply—The Semi-
Regional Revenue FUNCtion MOGED.............couiuiuiuieeeeeeeeeee e, 233
Table 44: Morishima Elasticities of Transformatiofh Output Supply—The Semi-
Regional Revenue FUNCtion ANalyi8..............ooieeoioeeeeeeeeeee oo 233
Table 45: Estimated Parameters of Supply and DenSystiem Derived from Profit
Function Using Semi-Regional Data ...........commeeeeeeiiiiiiiiiiiiiiiiieiieieeiieieeieieeenees 237

Table 45 (continued): Estimated Parameters of Suppl Demand System Derived

from Profit Function Using Semi-Regional Data ............ccccceeevieiiiiieeeeeee 238

Table 46: Own- and Cross-Price Elasticities of Dedsaand Supplies—The Semi-
Regional Profit FUNCHON MOGI®...........oooeeeoeeeee oo 239
Table 47: Allen Partial Elasticities of Substitutiand Transformation—The Semi-
Regional Profit FUNCHON MOGI®...........oooeoeeeeee oo 240

Table 48: Morishima Elasticities of Substitution daf ransformation—The Semi-
Regional Profit FUNCHON MOGBI®.............ooovieeeeee oot eee e 241



List of Figures

Figure 1: Australian Broadacre Agricultural ProdoctZones (ABARE 2003)



Declaration

| hereby declare that this thesis contains no natehich has been accepted for the
award of any other degree or diploma in any unitiel® equivalent institutions, and
that, to my best knowledge and belief, the thesistains no material previously

published or written by another person, except e/eference is made in the text of the

thesis.

Signed: On: / /

Xi



Acknowledgements

| wish to express my deep gratitude to AssociatdeBsor Xueyan Zhao and Professor
Keith McLaren for giving me the opportunity to umike this study and for their
patience, encouragement, support and generosity préctical advice and comments.
The understanding of Associate Professor Xueyaro Ztaa personal level is deeply
appreciated. | am immensely thankful to ProfesseitiKMcLaren for his insightful and

witty explanations as well as his sharp eye foueacy.

I would like to acknowledge with gratitude the ARGd New South Wales Department
of Primary Industries (NSW DPI) for the APAI schahip (Project Number: P561073)
which supported this study. | also would like taartk Professor John Mullen and
Professor Garry Griffith at the NSW DPI for sharthgir far-reaching knowledge of the
Australian agricultural sector. This study wouldt noave been possible without
assistance from Mr Philip Knopke, Mr Walter Shafrand Mr Colin Mues at the

Australian Bureau of Agricultural and Resource Hwaits in compiling and providing

the dataset used for estimation in this study. lilddike to acknowledge the help from
Dr Lisa Lines from Elite Editing & Tutoring for heggrofessional help in proofreading
this thesis. | also wish to extend my thanks toféasor Brett Inder, Ms Lizbeth Moon,

Ms Philippa Geurens and Ms Elke Blaedel for theimaistrative supports throughout
the time | was at the Department of Econometriad Bosiness Statistics at Monash

University.

| am deeply indebted to my fiancé, Jolyon, and rayghter, Linh, for their patience,
understanding and support throughout this studerd have been many nights Linh has
acceptingly gone to bed without a bed-time storgm grateful for having Mr Rhodri
Ellis-Jones and Mrs Iva Ellis-Jones and their déemgiNika as part of my life in

Australia.

My utmost gratitude goes to my parents for thearifae for their children and their

unconditional acceptance of who | am.

Xii



AAGIS
ABARE
BoM
CES
CRESH
CRETH
GDP
FIML

Translog

List of Abbreviations

Australian Agricultural and Grazing Industsi Survey
Australian Bureau of Agricultural and ResoellEconomics
Bureau of Meteorology

Constant elasticity of substitution

Constant ratio of elasticities of substimthomothetic
Constant ratio of elasticities of transfotima homothetic
Gross domestic product
Full information maximum likelihood

Transcendental logarithmic

Xiii



Abstract

The first key objective of this thesis is to estim@ set of econometric models of
Australian broadacre agricultural production by lgimg the duality theory in

production economics. Models of Australian broadaagriculture are estimated using
alternative formulations of econometric modellin§ mroducer decision-making, in
which cost minimisation, revenue maximisation anofipmaximisation are assumed. A
unique, large quasi-micro pooled cross-sectionah fdataset drawn from the Australian
Agricultural and Grazing Industries Survey overideen year period, from 1990 to
2005, is used for model estimation. Key policy-valet outcomes of this investigation
are estimates of price elasticities and elastgité transformation and substitution

between broadacre inputs and outputs in Australia.

Multi-product dual cost, revenue and profit funoBoare specified for Australian

broadacre agriculture. The multi-product functicare specified to accommodate the
prevalent multi-enterprise operation on Australiaroadacre farms. The restricted
versions of the dual functions are chosen to adcfmumuasi-fixity and the lumpiness of
some capital used in broadacre production. Theslisgnand normalised quadratic, the
two most popular flexible functional forms in empal duality applications, are used to
specify the dual functions. In addition, impacts @imatic conditions, production

focuses, production scales and rainfall on produactare also allowed for in the

estimated models.

Systems of demand and/or supply equations areatefrom the specified dual cost,
revenue and profit functions and estimated usirgainasi-micro dataset available. The
estimated systems obtained have reasonable stiggoodness-of-fit with high
percentage of statistically significant system &Gornts. Price variables are also found
to significantly influence input demand and outmutpply. Importantly, using the
normalised quadratic form, the estimated systemnmit demand derived from the cost

function and the estimated system of output sumasived from revenue functions

Xiv



satisfy the theoretical curvature conditions imgli®/ rational economic behaviour. The
estimated supply and demand system derived fromptbét function violates the

curvature condition but the violation is not sevdmput demand and output supply in
broadacre farming are found to be fairly inelastith respect to price changes in the
short run. However, demand for fertilisers and caod pasture chemicals are found to

be sensitive to changes in their own prices argkmeral production costs.

The second key objective of this thesis is to itigase three significant issues
concerning the application of the duality theoryeampirical agricultural production
research using data from Australian broadacre atpie. First, the results obtained
from the dual cost, revenue and profit functiores @ntrasted according to goodness-of-
fit, the satisfaction of theoretical regularity citions and the sensibility of the
generated elasticity estimates. The estimation Itresbtained under the cost
minimisation assumption conforms more to economméoty than results obtained under
revenue maximisation or profit maximisation. Secaheé estimation results are more in
line with expectations based on prior economicormgy when the normalised quadratic
functional form is used than when the translog sedu Third, results using data of
Australian broadacre farming at two aggregate tevetlicate that data aggregation
across firms can have a significant impact on mesedindings, depending on the

assumption made regarding the economic behaviopiroafucers.

XV



Chapter 1

Introduction

1.1 Motivation

Agricultural production makes significant directdamndirect contributions to the
overall Australian economy. This sector has gehesadcounted for around three per
cent of the gross domestic product (GDP) over disefew decades (Australian Bureau
of Agricultural and Resource Economics [ABARE] 2D08xcept in recent years,
which had severe drought. In financial year 2008, tbtal value of farm production
was $41.2 billion despite the prevalence of exomgaily dry conditions during this
period. The importance of farm production is muchager in terms of its contribution
to the national export income per annum. Agricaturommodities accounted for
around 20 per cent of the total exports in the $980d the early years of the new
century, prior to the drought, which reduced thet@®s importance as an export earner
(ABARE 2008). Agricultural production remained amportant source of export
income even during periods of booming mining expahd unfavourable weather
conditions such as those that existed in 2007 &f@B,2when export shares fell
significantly to 12.9 per cent and 11.7 per cespeetively (ABARE 2008). Farming
production also plays a significant role in the remmy in terms of employment
opportunities. In 2008, this sector directly emgdyaround 303,000 people or 2.9 per
cent of the nation’s labour force (ABARE 2008). Awduhally, this sector indirectly
contributes to the economy by providing major irspahd employment opportunities

for other important sectors such as food manufarguand food services.



Chapter 1 Introduction

Government intervention policies have been intredudn response to market,
structural, institutional, climatic and other extar changes to ensure the long-term
vitality of the Australian agricultural sector arndde overall economy. In order to
implement effective policies, accurate understagdiof agricultural broadacre
production technology and the economic behaviowgpicultural broadacre producers
is crucial. Up-to-date information on productiorbstitution possibilities and the price
responsiveness of inputs and outputs in broadagreeuéture is needed for the
evaluation and forecast of policy outcomes. Fortaimse, popular equilibrium
displacement models for economic evaluation of aede and development policies
such as Zhao, Griffiths Griffith and Mullen (2000%e price elasticity estimates as

modelling inputs to assess changes in the econesifare of market participants.

Information on substitution possibilities and pricesponsiveness is particularly
essential for Australian broadacre agriculture,ckhs dominated by multi-enterprise
farming practice. Broadacre farmers usually use igtume of crop and livestock
production to manage financial and natural risks nbetter utilise natural and human
resources. This practice of running multi-entegrfarming activities ensures the
ability to switch between products within a readdypahort period to take advantage
of weather and market conditions. Farmers’ behavisutherefore complex and
diverse, depending on factors such as weather tomsli physical operation
environments and risk management strategies. Atsdme time, the adjustment
behaviour of farmers in input utilisation and outpmupply has implications for
aggregate agricultural production, export incomnualr welfare and overall economic
performance as well as the effectiveness and interstry distributional effects of

policy changes.

The importance of quantifying key technical relatbips of broadacre production
technology and broadacre farmers’ behaviour stsongtessitates the estimation of an
econometric model of the sector. Econometric stidoé Australian broadacre
production to date are generally dispersed andabedid Griffith, I'Anson , Hill and
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Vere (2001) find that published econometric studmfs Australian agriculture
conducted from the 1960s through to the 1990s ame They also find a lack of a
common consensus regarding the estimates of autlmtit and transformation
elasticities between broadacre demands and supplieieh are the key inputs in

economic evaluation and forecasting.

Moreover, the elasticity estimates found in presi@gonometric studies on Australian
agriculture are fairly outdated and may not beveahe to the current state of farming
production technology. The earliest econometriaissl in which data from across
Australia are used for estimation are models pregdsy Powell and Gruen (1967,
1968). In these studies, multi-product farming picacis recognised as typical in
Australian broadacre agricultural production and ascommodated. The latest
Australia-wide multi-product study is the ABARE diuby Kokic, Beare, Topp and
Tulpule (1993), in which the data used for estioratare cross-sectional, farm-level
data from 1981 to 1991. Given the significant dtreed, institutional and market
changes, such as the collapse of the Wool Reseive Scheme, that took place after
this period, the supply estimates calculated frbis model can be considered outdated
in the current context of production. More recentltirproduct studies of Australian
broadacre agriculture such as Coelli (1996) andn#shad and Islam (2004) estimate
broadacre farming in Western Australia using detenf1978 to 1997. Considering the
diverse climatic and physical conditions affectiAgstralian broadacre production,
these studies’ findings are unlikely to be applieaio broadacre production in other
states or in Australia as a whole. An econometrindeh of Australian broadacre
production using data after this period has nonbestimated. This lack of up-to-date
information on broadacre farming across Austratigpleasises the need for estimating

an econometric model of the Australian broadacrealfure using more current data.



Chapter 1 Introduction

1.2 Issues in Estimating an Australian Broadacre éricultural
Production Model

Econometric studies on Australian broadacre produch recent decades have applied
duality theory in model estimation. This is alse #tase in the international literature
on production economics. In duality theory-baseshemetric studies, assumptions are
made about the economic behaviour of producersriadenological constraints, and a
function that represents the assumed economic bmhag specified using economic

information (i.e. cost, revenue, profit and pricdsformation about price responses
and substitution/transformation relationships @undemand and output supply is then

drawn for economic and policy interpretations.

The existence of alternative economic optimisaassumptions has led to the use of
different formulations in applying the duality appch to modelling production
decision-making. In empirical applications of tlaigproach, producers are commonly
assumed to minimise production cost, maximise prtdno revenue or maximise
production profit. The researcher chooses one finrang these assumptions to specify
the dual objective function (i.e. cost, revenuepaofit function) to form the basis of
model estimation using empirical data. In choosoimising behaviour for a
particular study, no general rules exist. The ah@twhich optimisation behaviour is
applicable to the producers is ofted hoG depending on data available, main research
purposes and/or prior knowledge of the technologgen study. For example, among
Australian studies, Ahammad and Islam (2004), C¢&B96), Kokic et al. (1993),
Fisher and Wall (1990) and McKay, Lawrence and wias (1983) assume that
broadacre farmers maximise their production preftijle Mullen and Cox (1996) and
McKay, Lawrence and Vlastuin (1980) assume theyimge their production cost.
These two assumptions of profit maximisation andt aoinimisation are critically
different in the sense that relative to the forntlee latter considers a conditional
optimisation problem in which outputs are assuneeldlet exogenous. Such assumptions

about farmers’ behaviour, therefore, have implaraifor which explanatory variables
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appear in the econometric models. The measureheftdchnical and economic
relationships in these different models have dafér interpretations and policy

implications.

Another significant issue with regard to empiriegblications of the duality approach
in production economics is the choice of a flexitlectional form. Once the choice of
the optimisation assumption has been made, resgarofust also choose a functional
form to specify the dual objective function reprasgg the producers’ optimisation
behaviour before they can carry out the economestination. This step is necessary
because the types of relationships between vasahléhe dual function have to be
defined, or parameterised, before the model caastiemated using empirical data. A
wide array of functional forms have been introdueed applied in empirical duality
studies. In previously estimated models of Austrabbroadacre agriculture, Ahammad
and Islam (2004), Fisher and Wall (1990) and Mckayal. (1983) employ the
normalised quadratic functional form, while Coe{ll996) uses the generalised
McFadden form and Mullen and Cox (1996), the trandental logarithmic (translog)
form. However, different functional forms produaéetent estimates of economic and
technological relationships. They also differ imts of the ease with which parametric
restrictions can be imposed and tests for thealettonditions and technological
structure can be performed. There has been no @egmeement on the superiority of
any particular functional form. Considerable eféonave been directed to analytically,
empirically and experimentally evaluate the sultgbof various functional forms, but
the findings have been mixed. Given the lack obasensus with regard to the relative
performance of available functional forms, the ckoof functional form remains an

issue in applying the duality approach.

The third important issue in estimating a dualitydry-based model of agriculture
production is that estimated models frequently tail meet theoretical regularity
conditions required by economic theory. This hasnbebserved in Australian studies
by Ahammad and Islam (2004), Coelli (1996) and Mgka al. (1983). This is a
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serious issue since such failure implies that tememetric estimates of the underlying
production function or the specified dual cost,emye or profit function are not
consistent with economic theory. This appears t@eha@dampened researchers’
enthusiasm in adopting the duality approach (Ka@83; Barnett and Hahm 1994; Fox
and Kivanda 1994; Shumway 1995; Terrell 1996; Lind &8humway 1997). More
discouragingly, finding what has caused the failigerather challenging. Possible
causes include the use of geographically aggregddéa the ignoring of time-series
features of the data and the inadequacy of flexibietional forms. There has also
been an expectation that the theoretical regulaotyditions are not necessarily to be
satisfied at a macro level, even when they arénatnticro level (Shumway 1995).
Moreover, it has been argued that the tests fosethegularity conditions are not
'statistical tests', and the violation of thesedittons in a particular study may be not
significant (Shumway 1995). Therefore, it appeduat tthe failure of the regularity
conditions is expectable in the body of Australaard international duality literature,
since in many studies, this outcome is merely dtatgthout an accompanying

explanation or caution.

Finally, empirical applications of the duality appch, especially in agricultural

production, face the issue of the unavailabilitymatro-level or farm-level data. Since
agricultural production consists of numerous geplically dispersed production units
of small production scales, micro-level data offisigntly large sample size have
rarely been available because of the financialscasturred in data collection and
confidentiality concerns. This lack of micro-levdhta creates several significant
empirical issues: The first is the consistency leetwtheory and empirical application.
Since micro-level data are not available, previauslity theory-based studies of
Australian and international agricultural produntizave typically used time-series data
at the aggregate state, regional or national léMeimodel estimation. This practice

requires the assumption that the state, regionatiom average is representative of
individual farms because the underlying theory ppligable at the microeconomic

level. However, the conditions required for legai@ use of geographically aggregated
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data to study farm-level production technology #&oe stringent to be realistic
(Chambers 1988; Liu and Shumway 2004; Shumway ands001). The empirical
findings in aggregate models, therefore, may ndlece farmers’ true economic
behaviour and the technological constraints theg.fa

Another issue related to the unavailability of fadewel data is the limited study
coverage in many models of Australian and overagasultural production, which can
potentially lead to misleading findings. The scape¢hese studies is often narrowed to
a single geographical area, industry or sectogngiting to ensure that the average
aggregate data used for model estimation are repes/e of individual farms, which
are the primary decision makers. The findings adséh studies are generally not
applicable to other areas, industries, sectoranoentire state or nation because of the
diversity in production conditions. Moreover, wisich a partial coverage, significant
interrelationships between different production aareindustries and sectors are
ignored. Given that Australian broadacre agriceltisr dominated by multi-enterprise

farms, this can have distorting impacts on resefincdings and policy interpretations.

The use of aggregated data instead of micro-lea & also undesirable in several
other modelling respects. In econometric models©igusiggregate data, prices and
demands/supplies can be simultaneously determied] thus prices are not
determined outside the models, violating standasumptions required for robust
estimation results. Further, at aggregate levaigep are likely to move together,
causing a multicollinearity problem in estimatidforeover, even though the aggregate
data used in most studies are time-series datajniteeseries features of the data are
typically ignored. This can result in biased estioraresults and erroneous economic
and technological interpretations (Lim and Shumwi®g7). Finally, because the
sample size of aggregate time-series data arelysmadll, being restricted by the time
dimension, the time-series data used in many pusuvituality theory-based studies are
relatively less given the number of parameters doebtimated. This is the possible

cause of the small percentage of significant coieffits found in several studies, such
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as Villezca-Becerra and Shumway (1992), Fulgimt &errin (1990) and Akridge and
Hertel (1986), undermining the reliability of theomometric estimation results and the

policy-relevant measures subsequently generated.

1.3 Objectives of the Thesis

The purpose of this thesis is to estimate a setcohometric models for Australian
broadacre agricultural production by using a unigagonally representative pooled
cross-sectional quasi-micro level dataset overptreod 1990 to 2005. This dataset is
provided by ABARE (2007) and is compiled from thenaal Australian Agricultural
and Grazing Industries Survey (AAGIS). Owing to fidentiality restrictions, farm-
level data collected in this survey were not avddafor studies on Australian
broadacre agriculture conducted outside governnag@ncies. In this study, the
detailed farm-level data collected were formattecaiway that preserves the micro-
level nature of the data as much as possible wmsximising the number of
observations available for estimation. In the dattammployed in this thesis, farms
located in the same production region among 32nsgacross Australia, engaged in
similar production activities and having similaroguction scale are grouped into a
cell, and the averages of all variables for eadhare examined. The outcome of this
data manipulation is that for each year, up to BSeovations are available for each
state, as opposed to just one. A final 'quasi-ridataset with 1559 observations is
obtained for model estimation. The specific aimghefthesis are as follows:

1. The primary aim of this study is to estimate ecoatsio models of Australian
broadacre production under three alternative foatms commonly assumed
for farmers’ decision-making, using a unique, uglébe, large, pooled cross-
sectional, quasi-micro dataset from a nationallgresentative farm survey.
Models derived under these alternative assumptans, minimisation, revenue
maximisation and profit maximisation, are estimatethereby key technical
and economic relationships and parameters can beatsd. The dual

functions representing these three economic opdtmis behaviours are
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specified for multi-product production technologiege account for the
prevalence of multi-enterprise operations in Adgtrabroadacre production.
Restricted versions of these dual functions, he.\tariable cost, revenue and
profit functions, are employed to account for theagj-fixed nature of some
production factors in the short-run and the anrbgais of the observed data.
Moreover, these dual functions are specified usliregtranslog and normalised
guadratic forms, the two most popular flexible fumeal forms in duality
applications. Own- and cross-price elasticitiesimgfut demands and output
supplies as well as the Allen partial and Morishietasticities of substitution
and transformation between inputs and outputsaoeilated.

2. The secondary aim of this study is to investigateed significant
methodological and empirical issues present irafi@ication of duality theory
to estimate agricultural production models via anpoehensive empirical
example of the Australian broadacre agriculturdlistry:

a. The first issue to be investigated is the assumpnhade about farmers’
economic behaviour. Three common alternative sjgatibns about the
farmers’ behaviour are assumed: profit maximisatamst minimisation
for given output quantities and revenue maximisafior given input
guantities. Three econometric models based on thgssemptions are
estimated using the same dataset. Goodness-o&fitunes, satisfaction
of economic regularity conditions and various eated economic
summary measures of interest obtained from thestelnare reported
and contrasted.

b. The second issue investigated in this thesis isctizéce of functional
form used to specify the dual objective functioheTestimation results
and useful economic measures, such as elastidites, the two most
popular flexible functional forms in duality theebased econometric
studies of production technology, namely, transkgd normalised
qguadratic, are compared and assessed. Given tlg@euguasi-micro

nature of the dataset as opposed to the aggregmeeseries data
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typically used in previous studies, the comparisadds useful
information to empirical literature on duality thgo

c. The third issue examined is the effect of data egggion across farms
on the estimates of key technical and economicnpetexrs, such as
price elasticities and elasticities of input suiitbn and output
transformation. This is achieved by further aggtegathe AAGIS
guasi-micro dataset across farm sizes and theng usia resulting
aggregated data to estimate econometric models wheleassumptions
of cost minimisation, revenue maximisation and prmofximisation for
Australian broadacre farmers. The estimation resoitttained in these
aggregate models are compared with those obtaimedtheir
corresponding quasi-micro models. This compariselpshidentify the
effects of aggregation data across farms on esomaesults and on
estimates of technical and economic relationshigsvéen broadacre
inputs and outputs. The findings obtained will &ol@mpirical evidence
of aggregation problems that have largely been reghan empirical

literature.

1.4 Organisation of the Thesis

The remainder of the thesis is organised into rmhapters. Chapter 2 reviews the
empirical applications of duality theory in Austead agricultural production and
worldwide production economics research. The chaptk focus on the alternative
formulations of production decision-making typigalised in empirical analyses, the
choice of functional forms for the specification tife dual function, the frequent
finding of the estimated models not satisfying theoretical regularity conditions and

the effects of using cross-farm aggregate datasearch results.

Chapter 3 presents the economic framework of thal @pproach for producer

decisions. The dual cost, revenue and profit fanstiand their associated regularity
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conditions are discussed in detail. This chapteethe definitions and formulas of
price elasticities of input demands and output Bappas well as Allen partial and

Morishima elasticities of substitution and transfiation under each dual specification.

Chapter 4 provides background information on thetralian broadacre industry and
describes the data used for model estimation & $hidy. It comprises a review of
Australian broadacre agriculture, a detailed dpsion of the quasi-micro data used for
the estimation, detailed documentation of the dation and aggregation of a large
number of broadacre inputs and outputs into a smathber of aggregate input and
output variables to be used in the models and erigésn of the aggregate inputs and
outputs included in all models estimated in thigdgt Issues and problems associated

with the data and their solutions will be discussed

Chapter 5 reports the empirical research resultshisf study. In this chapter, the
restricted dual translog and normalised quadratist dunctions are specified and
estimated for Australian broadacre farmers. Thellegdy conditions, representations
of the models and formulations of the price andsstdiion elasticities between inputs
are presented for each of these two dual cost it This chapter also covers in
detail all empirical issues and problems arisingrdpumodel estimation. In particular,

it provides a detailed explanation of the potentieteroskedasticity observed in this
study because of the quasi-micro nature of the daththe corrective action used to
deal with this issue. The estimation results of thel cost function for the two

functional forms and the generated estimates oh@woac and technical relationships
between broadacre inputs are presented, discussecbanpared. A critical discussion

with practical validations of the models’ findinigsalso included.

Chapters 6 and 7 present the specification anthagtin of the restricted dual revenue
and profit functions for Australian broadacre fanmirespectively. These two chapters
follow the same format as Chapter 5. Both the dexaénue and profit function will be

specified in the translog and normalised quadraims along with their associated

10
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regularity ~ conditions, derived estimation models dan price and
substitution/transformation elasticity formulation€ommon empirical issues and
problems that arise during the estimation of thtesedual functions and the estimation
of the dual cost function in Chapter 5 will be reéel to but not discussed in detail. For
each of the dual revenue and profit functions, ¢ésémation results from the two
functional forms and their implied elasticity essites will again be compared and
assessed.

Chapter 8 comprehensively discusses and contrastsrasults of the three dual
objective functions covered in Chapters 5, 6 ani This chapter the relative statistical
significance of the estimation results, the sattsbm of theoretical regularity
conditions by the estimated models and the estsnatehe derived elasticities are
summarised and discussed. The chapter also expitrether the three estimated dual
functions conform to the Le Chatelier-Samuelsoma@ple, which applies to the
relationships between cost minimising- and proféximising-derived input demands
and the relationships between revenue maximisimgt rofit maximising-derived
output supplies. The comparab®mpensatedoprice elasticities, input substitution
elasticities and output transformation elasticitedgtained from the estimated profit
function are also reported and compared to corretipg net elasticities obtained from
the cost and revenue functions. In addition, thiienadion results obtained from these
alternative model formulations will be assessedrsgdroadacre farming practice in
Australia.

Chapter 9 is devoted to the issue of using acrasse-faggregated data in duality
theory-based studies of agricultural productione ®ifects of data aggregation are
studied in the Australian broadacre production esntThe chapter presents results for
the three dual functions using a dataset thatasdirfrom the same survey data but is
further geographically aggregated than the quasrenilataset used in Chapters 5, 6
and 7. These results are then compared to thegsmonding results of the quasi-micro

models to draw conclusions about whether the agdjiggof data across geographical

11
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areas significantly alters the research findinggpmduction technology and economic
behaviour.

Chapter 10 summarises and concludes the thesiscHdger includes a summary of
important research findings about Australian breagleagricultural production, the
contributions of this study to empirical literatusé duality theory-based econometric
models of agricultural production and a discussibfuture research and applications.

It also discusses the implications of the findimfishis thesis for policy development.

12
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Literature Review

2.1 Introduction

Econometric models of Australian broadacre agnralhave been estimated since the
early development of econometric principles to ptevnformation useful to economic
forecasting and policy making. These models havenbsontinuously improved to
better explain the production technologies employtey have evolved from direct
estimation of the production functions in the primpproach, to the indirect estimation
of the dual economic objective functions. Howevitre number of duality-based
econometric models estimated has been limited, lyndire to unavailability of suitable
data. This lack of data leads to limited geograghemd industry study scopes for most
estimated models of Australian broadacre agriceltlihe lack of farm-level data also
leads to the use of data at an aggregate levehdéaiel estimation, despite the fact that
duality theory is a microeconomic theory. Broadgmreduction models estimated for
Australia as a whole using farm-level data are eard outdated. There is a need to
estimate a model for Australian broadacre produactising more current data that are

consistent with the theory to better understansi gbctor for policy making.
The duality theory of the firm has been developed aften applied in international

studies of production economics. In applying thisary, researchers indirectly extract

information about technical relationships betwespuis and outputs by studying the

13
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optimisation behaviour of producers using econanfarmation such as market prices,
costs, revenues and profits. The indirect retrieMalinformation about production
technologies from modelling optimal economic bebavidistinguishes this approach
from the traditional primal approach, which reteswtechnical relationships directly by
estimating the production functions. The significaresence of the duality approach in
empirical research of production economics is adusetveral advantages this approach
offers, including the ease of application, the sihass of the estimation results and the
ready availability of information on price-quantiggjustments in input demands and

output supplies. However, a few significant issuesve surfaced in empirical

unchallenged and require further investigatiomtpriove future empirical applications.

This chapter reviews the existing literature onnecoetric modelling of Australian
broadacre agriculture and on international emdidaality-based studies of production
technologies. Section 2.2 is devoted to an exammatf previous econometric studies
applied to Australian agricultural production. Sewt2.3 follows with a summary of
the development and empirical applications of dydheory in empirical production
research worldwide. Section 2.4 then focuses oncti@ce of the dual economic
objective function, one of the major issues encexaat in empirical applications of
duality theory. Section 2.5 continues with a reviefmhe choice of functional form,
another significant empirical issue in applicatio8ection 2.6 discusses issues related
to imposing or testing the economic regularity dbads in international empirical
literature. Section 2.7 then follows with a diseéassof empirical data-related obstacles
and issues. The concluding section summariseshidgater, with remarks on significant
gaps and issues in applications of the duality @ggnr to Australian broadacre
agriculture and international production economios which this study aims to

contribute.

14
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2.2 Econometric Models of Australian Broadacre Agculture

Researchers have long employed econometric tecbsida estimate models of

Australian broadacre agricultural production dudhig sector’s important role in the

overall economy in the past and the need to fortaud@propriate economic policies.
The estimated econometric models of broadacre ptmauhave been continuously

conceptually improved to account for many particelaaracteristics, such as the multi-
enterprise operation practice and competitive ntarkenditions of broadacre

production. However, there remain several limitagighat require further research to
ensure an accurate understanding of the sectoedmnomic assessment and policy
formation: the restrictive structural assumptioms garly direct estimates of the

production/transformation functions, the limitednmher of more recent duality-based
studies that have been conducted, the possiblyediastimation results in some of
these duality-based studies, the lack of consigtemaesearch findings from these
studies, the limited industry and regional focuskthese studies, the lack of empirical
data at a micro-level and the outdated data usetbitel estimation.

Early econometric studies of Australian broadacigricalture are non-duality
applications, directly estimating the productiomdtions representing the production
technologies employed by broadacre farmers. Thenastn of these models can be
straightforward, wherein the production functionse apecified and estimated as
functions of output prices, as in Fisher and Muir@83), Kloot and Anderson (1977)
and Duncan (1972). Some models can be complexmnsgsiésupply functions, such as
Adams (1987), Dewbre, Shaw, Corra and Harris (1,98%)cent, Dixon and Powell
(1980), Powell and Gruen (1968) and Powell and @1{i®67). These models have
extensively contributed to economic forecasting @oticy initiation with the well-
known ORANI model (Adams 1987 and Vincent, DixondaRowell 1980) and
EMABA model (Dewbreet al. 1985). However, these models are limited becaugge ri
assumptions about technological structure are mkddeenable estimation. For

instance, Powell and Gruen (1968) assumed thaici@s of transformation between
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outputs are constant. Meanwhile, Dewlat al. (1985) and Vincenet al. (1980)
assumed that Australian agricultural production &asonstant ratio of elasticities of
substitution/transformation, homothetic (CRESH/CRE: $tructure.

The modelling of Australian agriculture employingpeometric methods has appeared
to favour the duality approach in recent decadespblying this approach, researchers
use economic information, which includes cost, nexwe profit, and input and output
prices, to indirectly extract information on protioa technology. This approach offers
several theoretical and practical advantages dwedirect estimation of the production
function. For instance, this approach allows regess to circumvent rigid structural
assumptions about production technology as requiregarlier non-duality models.
The functional form chosen for model specificati@uch as linear or quadratic,
restricts the economic relationships but does eatssarily imposa priori structural
restrictions on the underlying physical relatiopshibetween inputs and outputs
(Appelbaum 1979). Explanatory variables in duatifsed econometric models also
behave better than those in primal models thatctiyreestimate the production
function. This is because in the duality-based ri®tleese variables are prices, which
are exogenously set in competitive markets. Inreshtin the primal models they are
input quantities, which can be controlled by praglscand can be simultaneously
determined with output quantities. Moreover, meesuof technical relationships,
especially elasticities of substitution or transfation, can be obtained with
considerable computational ease in duality apptioatin comparison to the primal
models, especially in the case of complex technetomvolving multiple inputs and
outputs (Binswanger 1974a). Finally, measures ctflg economic behaviour, the
primary interest of production economists, can b@pk/ calculated using the
parameter estimates of the dual objective functicrsd the corresponding
supplies/demands. The duality approach, togethéh Wexible functional forms,
permits an arbitrary set of price elasticities ® dbtained at any data point (Terrell
1996).
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The first applications of the duality approach tos&alian agriculture were published
in the early 1980s. Significant studies using tproach are McKawgt al. (1980),
McKay, Lawrence and Vlastuin (1982) and McKeaiyal. (1983). In their 1980 study,
these authors specified and estimated a dual stgfait cost function for the
Australian sheep industry. The system of cost-misiimy input demands derived from
this dual function was estimated using 1953-197@rage farm data from the
Australian Sheep Industry Survey conducted by thee8u of Agricultural Economics.
This survey covered farm properties with 200 sheepmore. In their 1982 study, the
authors estimated dual variable multi-output prédibctions for sheep farms in the
Wheat-Sheep zone. They extended the scope ofahalysis to cover all sheep farms
in their 1983 study using the same survey dateerdstingly, how these authors
considered the time frame of the decision-makirag@ss varies between their first and
two later studies. In their first study, five inpuhamely labour, land, livestock, capital
and materials and services, were treated equallyaasble inputs in their cost
function. However, in their later two studies, ladidestock and capital inputs are
treated as fixed inputs while the other two in@restreated as variable inputs. In doing
so, their estimated model is a long-run model @irthirst study but a short-run model

in their later studies.

The conventional definition of the sheep industrgymhave resulted in estimation
biases in some past studies of Australian broadagreulture. The threshold of 200
sheep used in studies by McKatyal. (1980, 1982, 1983), and later in Fisher and Wall
(1990), Coelli (1996) and Mullen and Cox (1996) define the Australian sheep
industry, is potentially spurious. This is becatlse use of this threshold does not
necessarily imply that farms considered in theseiss only focus on sheep grazing
activities. These farms could have any mix of caopl livestock enterprises and could
grow cereals or graze beef as their major enteapnsghile keeping more than 200
sheep. Examples of 'sheep farms' that have otherirfg activities accounting for a
significant part of their operations are those lie Wheat-Sheep zone in Western

Australia (Coelli (1996), Footnote 3). This meahattthese studies are not only for
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farms with a focus on sheep grazing as the 'shesiry’ may have initially implied.

Farms focusing on cereal cropping or cattle graziege included in these studies if
they had at least 200 sheep, but excluded otherWwiss exclusion means that the data
samples in these studies are not representatigghafr the intended 'sheep industry' or

a more broadly defined industry.

Duality-based models of Australian broadacre adjucel after studies by McKay,
Lawrence and Vlastuin have been few. The significanong these studies include
Fisher and Wall (1990), Kokiet al. (1993), O'Donnell and Woodland (1995), Coelli
(1996), Mullen and Cox (1996), Griffiths, O'Donnalhd Cruz (2000), Ahammad and
Islam (2004) and Agbola and Harrison (2005). Treeaech outcomes of these studies,
especially their estimates of policy-relevant measucan deviate significantly from
each other. For example, the medium-run own-priastieity of wheat was estimated
to be 2.67 for the Pastoral zone and 0.62 for tiedSheep zone in Fisher and Wall
(1990), using farm data from 1967/68 to 1980/8leskhestimates are remarkably
higher than the national average estimate of M28akic et al. (1993) for the 1981—
1991 period. The own-price estimates for beef eatipply in these two studies also
differ considerably from each other. This estimat@.43 for the Pastoral zone, 0.11 for
the Wheat-Sheep zone and 0.16 for the High Raimtale in Fisher and Wall (1990)
compared to the corresponding estimates of 0.05, &nd 0.07 in Kokiet al.(1993).

The significant divergence in the research findiafduality applications in Australian
broadacre agriculture is due to a number of factonportantly, these studies differ
from each other in terms of their industry and gapbical focuses, assumptions made
about the economic behaviour of broadacre farméractional forms used in
specifying the estimated dual function and the tipsgiods studied. For instance,
Griffiths et al. (2000) and O'Donnell and Woodland (1995) focusedtlee sheep
industry alone. The definition of sheep grazingrfarin these two studies is more
stringent than in McKayet al. (1980, 1982, 1983), Fisher and Wall (1990), Coelli
(1996) and Mullen and Cox (1996), in that the rptsefrom sheep grazing in such a
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farm must be greater than 80 per cent of its tptabuction revenue. The industry
focus is even more rigid in Griffithst al. (2000) where only merino woolgrowers, as
opposed to non-merino woolgrowers and prime lambdyeers, were studied.

Although such a definition ensures a well-definedlg scope, the findings from these

studies are unlikely to be relevant to any othdustry or Australia as a whole.

The scope in previous duality-based studies of raliah broadacre agriculture is not
only limited in terms of industry focus but also ggographical coverage. Work done
by Coelli (1996) and Ahammad and Islam (2004) fecusn Western Australia. The
study scope in Coelli (1996) was narrowed to thee®stfSheep zone of the state only
and the inclusion of farms having at least 200 gh&his narrow focus helps to reduce
biases in this study when compared to earlier stutty McKayet al. (1980, 1982,
1983), since sheep grazing is prevalent in the W8baep zone in Western Australia.
However, the findings of this study are not appilea elsewhere because the
production systems employed in this geographica aliffer significantly to those in
the same zone but different states (as a broadaoe= spreads over several states), as
well as to those in other production zones in Aalstr Meanwhile, unlike Coelli
(1996), the model of Western Australia’s broadaggculture in Ahammad and Islam
(2004) included farms in all three broadacre zoinethe state, namely the Wheat-
Sheep, High Rainfall and Pastoral zones. As ackewbgdd by the authors, the output
and cost structures of broadacre farming in Weskharstralia are very different to
those in the rest of Australia. This implies thesearch findings in these two studies

are not likely to be relevant for economic assessgraea national level.

Beside the study scope, previous duality appliostido Australian broadacre
production differ from each other in terms of theatobjective functions specified and
the functional forms used to specify these duattions. Cost minimisation and profit
maximisation have been assumed for Australian larcr@d farmers. The dual cost
function under the cost minimisation assumption s@ecified in McKayet al. (1980),
O'Donnell and Woodland (1995), Mullen and Cox (1986d Griffithset al. (2000),
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while the dual profit function under the profit miamsation assumption was specified
in McKay et al. (1982, 1983), Fisher and Wall (1990), Coelli (1p86d Ahammad and
Islam (2004). Regarding the functional form, tragsivas employed in all applications
among the above that estimated the dual cost fumclihis functional form was also
used to specify the dual profit function in McKay al. (1982, 1983). Meanwhile,
Fisher and Wall (1990) and Ahammad and Islam (2084) the normalised quadratic
form and Coelli (1996) used the generalised McFaddem to specify their profit
functions.

A common trend shared in previous duality-basedlietuof Australian broadacre
agriculture is the use of geographically aggregatgd for model estimation. The state
or national average farm data are most often uségeise studies. Similar to McKay
al. (1980, 1983), national average time-series farta d&er the 1953-1994 period
were used in Mullen and Cox (1996). Meanwhile, ovadi pooled time-series cross-
sectional data observed annually over the 1953-1@Tri®d were used in O'Donnell
and Woodland's (1995) study of lamb- and wool-pomaly sectors. Compared to
datasets used for estimation in other studies tlataset was largest, with 584
observations. The pooled time-series cross-sedtidatasets were also used for
estimation in Fisher and Wall (1990) and Ahammad #slam (2004) but they are
much smaller in sample size. In Fisher and WalB@9farms across Australia were
grouped by broadacre zone and by state to formradisen units whose annual
average data over the 1968-1981 period was usadddel estimation. In Ahammad
and Islam (2004), farms in Western Australia weraipged by broadacre zone and the
annual average data observed for the three zooes 1978 to 1997 were pooled

together to form a data sample.

There is a departure from the limited coveragethrdise of time-series aggregate data
common in past duality-based models of Australiamatlacre agriculture. This
exception is the ABARE study conducted by Kokical. (1993). In this study, the

authors modelled Australian broadacre agricultusengi national time-series cross-
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section data at the farm-level for the period frb®81 to 1991. The focus of their study
was to obtain estimates of price and substitutitastieities for major broadacre

products (namely wool, lamb, mutton, beef and whdat policy forecast and

assessment. Broadacre farmers were assumed hewaximise their net cash income
(as a form of profit), subject to a constraint iletl operating areas. By assuming the
cost function as a sum of the exponentials of duguantities and approximating the
fixed operating area function by a linear Taylorieg the authors arrived at a fairly
simple expression of the production costs and toéis linearly related to the output
guantities, to be estimated using their nationahfevel data. Considering the fact that
Australian broadacre production has undergone derable structural change due to
the dismantlement of the price support scheme fwlw 1991, the research outcomes

of this study would generally not reflect the catrproduction context.

The Australian duality-based models cited abovdiapphe static model of the firm in
traditional duality theory, in which the aspect teinporal dynamics in production
decisions is ignored. In contrast to these studMgbola and Harrison (2005) applied
the dynamic model of the firm and formed an optimater-temporal profit

maximisation problem for broadacre farmers in pastareas. This study followed
important theoretical work by Lucas (1967), Goul8§8), Treadway (1969), McLaren
and Cooper (1980) and Epstein (1981), as well athpirical applications of Taylor
and Monson (1985), Vasavada and Chambers (1986) Fertandez-Cornejo,
Gempesaw I, Elterich and Stefanou (1992). Althoubke dynamic optimisation
framework employed in Agbola and Harrison (20053tsidy is considered more
realistic than the static optimisation framework, has not gained popularity in
agricultural production analysis, probably due t®highly restrictive and intractable
structures (Shumway 1995).

In summary, the econometric approach to productisearch has been long applied to

Australian broadacre agriculture. However, the troicsed econometric models have

been limited in number and restricted in severgleats. Early econometric models

21



Chapter 2 Literature Review

applied the primal approach to directly estimate firoduction or transformation
functions, often containing stringent assumptiobsua the structure of production
technologies. More recent models have applied tiaditgt approach to indirectly obtain
information about underlying production technolegi®y estimating the dual cost and
profit functions using economic information. Howevehese later models were
estimated using out-dated data and suffer soméfiseymt limitations that restrict their

usefulness in economic evaluation and policy makEgfimation results in some of
these studies may have suffered biases due tcelbetion criteria used to define their
their generated information about economic resmordeoutput supply and input
demand. Moreover, study coverage in these modedsoften been limited to an

industry or geographical area, limiting their useéss for economic evaluation at a
national level. Finally, the duality studies conthet have used geographically
aggregated data for model estimation instead ohdawel data as implied by the
theory.

2.3 Applications of the Duality Theory of the Firmin International

Literature

The neoclassical duality theory of the firm hasrmgl development history. The duality
between the production function and the economieablve functions representing
producers’ economic optimisation behaviour wag fiecognised by Hotelling (1932)
and Samuelson (1947). However, firm acceptancéefttieory only took place after
theoretical proofs were published by Shephard (},983awa (1962), Uzawa (1964),
Diewert (1971) and Diewert (1974). Shephard (198B8)ployed distance function
properties to prove the one-to-one relationshipwbeh the cost and production
functions. Later, Uzawa (1962) demonstrated thelitgjubetween the production
possibilities set and the cost function in set nottes. Diewert (1971) then provided
proofs of duality between the production functitime production possibilities set and

the cost function. The theory was extended by Diew&974) when the duality
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between the factor requirement function and theemae function was theoretically
established. This work followed the unpublishedyioial work of McFadden in 1966,
which was later published in significant book voksron the duality approach edited
by Fuss and McFadden in 1978 (McFadden 1978). Qthéfications contributing
significantly to the establishment and applicatminthe duality theory in empirical
research include Christensen, Jorgenson and LaiB)1Buss and McFadden (1978),
Diewert and Wales (1987), Shumway (1983) and Chasn{#088). Coming from a
different path, Theil (1977) and Laitinen and ThgiP78) extended the theory of
consumer demand to production decision-making.

The neoclassical duality theory became widely asgkjn production economics by
the late 1970s and has been often applied since, thgpecially in agricultural
production analysis. In essence, this theory isapplication of the Euler-Legendre
transformation for solving differential equatiomsmathematics to economic problems
where it is known as the Shephard, Samuelson-Madtfad@€hambers 1988) and
Hotelling lemma (Paris, 1989 and Jorgenson and LEi{4a). Applying this
transformation, an economic problem under techncédgonstraints can be solved
using at least two equivalent approaches. Whenugerd are assumed to minimise
production costs, their cost-minimising behavioan de represented by a cost function
relating production cost to input prices and outguantities. If this cost function is
differentiable, Shephard's lemma states that riss partial derivatives with respect to
input prices are equal to the cost-minimising inpkeimands. Similarly, when the
producers are assumed to maximise their producéwenues, a revenue function can
be specified as a function of output prices anduinguantities to represent their
optimisation behaviour. In this case, the SamueMoRadden lemma states that the
first partial derivatives of this dual revenue ftion with respect to output prices are
equal to the revenue-maximising output suppliesalf, when profit maximisation
behaviour is assumed, according to Hotelling’s lemthe first partial derivatives of
the profit function with respect to input and outprices are equal to the profit-

maximising input demands and output supplies.
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Early empirical duality applications often spedifi¢he cost function to represent
producers’ optimisation behaviour. This is likelyedause the duality was first
established between the production and cost fumetidhe study on returns to scale of
electricity supply by Nerlove (1963) was probabhe tfirst significant published
application of the duality theory. The author sfiediand estimated a logarithmically
transformed generalised Cobb-Douglas cost funotrdh a single production output
and three inputs. A cross-sectional dataset camgisf 155 observations was used for
model estimation. It is interesting that positiwgial correlations were detected by the
authors but no correction action was taken. In @mpbrary econometric practice, this
problem is termed heteroskedasticity and needstoorected for in order to obtain
reliable test statistics of the model. The modglliramework in this study was later re-
applied in Alcantara and Prato (1973), a studyugfascane production in the state of
Sao Paulo, Brazil.

The adoption of the duality approach was promotgedhe introduction of flexible
functional forms in the 1970s. The practical coneroe offered by the duality
approach coupled with the use of flexible functioiarms was perhaps first
demonstrated in Binswanger (1974a). It was verifiedthis study that when the
translog functional form, introduced by Christenséml. (1973), is used to specify the
cost function, the price and substitution elasésitof input demands can be directly
related to the derived input cost shares and thenpeters of the cost function. Besides
the convenience in obtaining substitution elasésit various possible production
technologies, such as those having non-homothetin;constant returns to scale or
non-constant elasticities of substitution structurean be accommodated using this
functional form. This advantage over the traditior2obb-Douglas or constant
elasticity of substitution (CES) functional formshere the elasticities of substitution
are constrained to be constant over the entire lptpn, also comes with little
computational effort since the derived input densafie. the first partial derivatives of

the translog cost function with respect to inpuicgs) are linearly related to the
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logarithmic prices. The specification of the tramgskost function since then has been
adopted in numerous duality applications such asdeand Wood (1975), Christensen
and Greene (1976), Halvorsen (1977), Kohli (19K&ko (1978), Brown, Caves and
Christensen (1979), McKast al.(1980), Ball and Chambers (1982) and Ray (1982).

Besides the translog, several other flexible fuoral forms were introduced and used
in empirical applications of the duality theory.€Tlilexible' notation was used to refer
to this class of functional forms due to their dafiy to allow input-output
relationships to be estimated without mamyriori restrictions. This capacity places
flexible functional forms greatly advantageoustie tonventional Cobb-Douglas and
CES forms. The generalised Leontief form was intcadl by Diewert (1971) and the
normalised quadratic form was introduced by Lau afmtopoulos (1972) (but
attributed by Lau (1978b) to Jorgenson and Lau 4b®7and Jorgenson and Lau
(1974a)). Denny (1974) developed the generalisetiigic form, a generalisation of
the generalised Leontief, CES and Cobb-DouglaserL&eneralised Box-Cox form,
which includes translog, square-root quadratic gederalised Leontief forms as
special cases, was suggested by Khaled (1978)oudth there have been studies of
cost functions that used these functional formghsas the generalised Leontief in
Denny, May and Pinto (1978) and Lopez (1980), gdismd Box-Cox in Berndt and
Khaled (1979) and Appelbaum (1979), and the nosadliquadratic in Featherstone
and Moss (1994), the translog has remained the pugstlar form in the estimation of
dual cost functions; recent examples including Wramd Truett (2006), Ollinger,
MacDonald and Madison (2005), Kwack and Sun (200&9cDonald and Ollinger
(2005), Macdonald and Ollinger (2000) and GagneNaugipi (2000).

Following the extension of duality to the revenuml grofit functions in McFadden
(1978) and Diewert (1971, 1974), researchers afgpdasave became more comfortable
with the dual profit function. This is probably leese the profit maximisation
assumption of economic behaviour is more readibepted than the cost minimisation

assumption (Lee and Chambers 1986). When prodacerassumed to maximise their
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profits, they are assumed to adjust input levelsval$ as output levels in response to
any price change. In contrast, when they are assumeninimise their production
costs, they are assumed to take levels of outpuggvan. This implies that if an input
price changes, producers only adjust the levehpiiis used to minimise the production
cost, while keeping the output levels unchangec ptacticality of specifying a dual

cost function is reduced in restricting the outjewrels to remain unchanged.

Early applications assuming profit maximisation éébur are limited in many aspects.
In Lau and Yotopoulos (1972) and Yotopoulos, Lad &vuu-Long (1976), the profit

functions were specified respectively for Indiam 8raiwanese agricultural production
using a linear normalised functional form. This dtianal form is simple and restricts
the underlying production function to have the Galglas functional form. Later,

Kohli (1978), Sidhu and Baanante (1981) and Ant@84) adopted the translog form
in their specifications of dual profit functions ereby more general structures of
production technology were accommodated. HoweVeigtar studies share a common

feature of having only a single (aggregate) outpdieir profit functions.

The development from single-output profit functiotes multiple-output ones marks
another major improvement in the duality approdcte specification of multi-product
profit functions was first raised and dealt withlbau (1972). The pioneering empirical
applications of multi-product technologies are Warai1983), Shumway (1983), Lopez
(1984), Squires (1987), Ball (1988) and Moschir®88). Since these studies were
published, multi-output profit functions have be@rthe most often specified in
empirical duality applications. This is probablyedo the fact that in reality producers
generally produce two or more distinctive outputkjch require different production
input mixes and have different profit margins. Cdenpentary and substitutive
relationships between outputs have different ingpieams for producers in allocating
their production resources. Information on thedatienships is useful for economic
evaluation and decision-making but cannot be netdefrom single-output profit

functions.
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Multi-output profit functions appear to be coupledth the normalised quadratic
functional form. Translog has not been often usedspecify multi-output profit

functions, despite its prevalence in cost functgiodies. Infrequent examples of
translog multi-output profit functions include MciKat al. (1982, 1983) and Haughton
(1986). The uncommonness of translog in studiaswfi-output profit functions may

be due to the fact that it is difficult to obtaistienation results of models derived from
these functions. This is evidenced in Haughton §).9& which the author used a large

cross-sectional dataset for estimation but obta&geery poor fit for the model.

Another significant development of the duality aggoh is the establishment of
dynamic dual models in addition to the traditiostdtic dual models. Lucas (1967),
Gould (1968), Treadway (1969), McLaren and Cood&¥80Q) and Epstein (1981)
contribute significantly to the theoretical foundat of dynamic duality. In a dynamic
framework, producers are assumed to optimise thpresent value of future profits or
costs, subject to technological constraints. Ogtiou#put supplies and input demands
are derived in the same manner as in the statiityldfeamework. The dynamic
approach has been applied by Taylor and Monson5)198asavada and Chambers
(1986) and Leblanc and Hrubovcak (1986) for agtizal production in the United
States, by Fernandez-Cornegd al. (1992) for German dairy farming, by Thijssen
(1996) for Dutch dairy farming and by Agbola andriion (2005) for agricultural
production in Australian pastoral areas. Considgtimat farming typically involves
large initial investments whose returns are gaiovgt a long time period, the dynamic
framework may be more suitable than the static éwaork in agricultural production
research. When using the dynamic framework, rebeesc can also test for
instantaneous and independent input adjustmentsauodlate short-run and long-run
elasticities of input demands, output supplies amult substitution. Despite these
advantages, dynamic dual models have not beenastinas often as the static ones,
possibly due to the restrictive structure and loactability discussed in the previous

section.
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Since its establishment, the duality approach hasnbapplied to almost every
economic problem in which producers optimise themonomic objectives under
technological constraints. Duality-based modelsehlagen estimated in transportation
(Caves, Christensen and Tretheway 1980), teleconmation (Bloch, Madden, Coble-
Neal and Savage 2001), banking and financial sesv{€eatherstone and Moss 1994
and Khaled, Adams and Pickford 2001), power gereraiChristensen and Greene
1976), food processing (Ball and Chambers 1982;riglmn Paul 2001; Marsh 2005
and Ollingeret al.2005), non-agricultural manufacturing (Morrison 89®iewert and
Wales 1995; Gagne and Nappi 2000 and Truett anetffT2006) and international trade
(Kohli 1993 and Tombazos 1998). This approach lea®tme particularly pervasive in
agricultural production research. Noteworthy exasapmf agricultural research include
Binswanger (1974a), Yotopoulas al. (1976), Lopez (1980), Ray (1982), Shumway
(1983), Lee and Chambers (1986), Haughton (1986%xdiini (1988), Shumway, Saez
and Gottret (1988), Fulginiti and Perrin (1990) &uklli (1996). The popularity of the
duality approach in agricultural research has lpetly promoted by the availability of
production and price data for the rural sector, thuégs economic importance in the

past.

In short, the duality approach has been long dpesel@and often applied in production
economics. Early applications of this approachrofipecified and estimated dual cost
functions. More recent duality applications appé¢ar have favoured dual profit
functions. Studies of profit functions have alsovem from single-output cases to
multi-product cases, to accommodate for more compieduction technologies often
encountered in reality. The application of the duapproach in empirical production
economics has been encouraged by the introductiofiexible functional forms,
among which the translog and normalised quadraticeimost often been used. The
methodological and empirical advantages this ampradfers have led to its frequent

applications across production industries and iffeparts of the world.
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Despite vigorous theoretical proof and wide acaeain empirical research, the
application of the duality approach is not withahtllenge. Fundamental issues have
surfaced that require further investigation to fieaf and improve the practical
applicability of this approach. Some of these issaee discussed in the following
sections.

2.4 Choice of Dual Objective Function

When applying the duality theory, the first isseseaarchers have to deal with is the
choice of the dual objective function to be spedfior, more exactly, the economic
behaviour of the producers to be assumed. Researbhge commonly assumed cost
minimisation, profit maximisation and, to a lessextent, revenue maximisation
behaviours and estimated the dual cost, profiesemue function accordingly. These
assumptions are fundamentally different, a fact tres been rarely emphasised in
empirical applications. Cost minimisation and ravxemaximisation are ‘conditional
optimisations' problems, where outputs (in costimigation) and inputs (in revenue
maximisation) are assumed to be exogenous in tlside-making process. In
contrast, when profit maximisation is assumed,heeitnputs nor outputs are assumed
to be exogenous. General rules of which among ttiese dual functions should be
estimated in a particular context are not availaldespite their consequential
implications for the econometric models estimaidte decision on the dual objective
function specified isad hoc and largely driven by the researcher’s perceptiohs
producers’ optimisation behaviour, the purposeghef research and what data are
available for estimation. The reasons for choosagdual function over other

alternatives are rarely explicitly stated or expézal.

There has been a general tendency to favour tHepcafé function in the international
literature of empirical duality applications. Thepularity of the profit maximisation
assumption has probably been furthered by the gkmeceptance of the capitalist

model and the rise of large corporations with whiod maximisation of profits based

29



Chapter 2 Literature Review

on a system of property rights is most publicly éagsed. From a technical point of
view, assuming profit maximisation helps researsh&void simultaneous equation
problems (Lopez 1984; Squires 1987 and Shumway )198% input demand and

output supply equations derived from dual profihdtions do not include input and

output quantities as their explanatory variablaestdad, they include input and output
prices as their explanatory variables, which ardab#es given to producers in a
competitive market. In contrast, the input demandcfions, derived from the cost
function, and the output supply functions, deriyezim the revenue function, include

output quantities and input levels are their exaglary variables respectively. The
guantities of input demand and output supply carukaneously determine each other,

causing simultaneity biases in estimation.

Despite a general tendency to favour the dual piafiction, there have been numerous
empirical studies in which cost minimisation is wsed. Empirical applications
specifying cost functions are as recent as stumyebruett and Truett (2006), Ollinger
et al. (2005), Kwack and Sun (2005), MacDonald and O8m@005), Kuroda and Lee
(2003), Morrison Paul (2001), Khalext al. (2001), Macdonald and Ollinger (2000)
and Gagne and Nappi (2000). This continuing popylaf the dual cost function is
partly because the cost function is the first fiorctheoretically proven to be dual to
the production function. When the cost functiorspgecified in the translog form, a
system of cost shares of input demands is deriveddestimated with computational
ease, since the shares vary between zero and Muatgover, the price and substitution
elasticities of input demands are straightforwareéhated to the system parameters and
cost shares. More readily available information mput costs, alongside the
government agencies’ strong emphasis on reportioduzer-paid price indices, have

likely contributed to the practicality of specifgihe cost function.
In contrast to the frequent application of the de@dt and profit functions, published

studies specifying revenue functions are very daspite their theoretical duality being

forcefully proven by McFadden (1978) and Diewe®{4). This dual function can be

30



Chapter 2 Literature Review

considered a restricted profit function, wherepathduction inputs are assumed to be
fixed. The assumption of fixity of all productiomputs is the likely cause of the
scarcity of revenue functions because it is propdbhsible only in research of
international trade where a nation’s productioruispare, to a degree, fixed. Under this
assumption, the timeframe under which the econapitnisation behaviour is studied
is very short. In contrast, all outputs can plalyste fixed in the short- to medium-
term and thus the cost minimisation assumption asemmeasonable. Accordingly, the
specification of the dual profit function is the sagrragmatic, since in this optimisation

process neither inputs nor outputs are assumee fizdx or given.

In the rare applications of the dual revenue fumgtithe revenue function was often
estimated without being the primary purpose ofrdsearch. This dual function either
formed part of a larger econometric model or a gtepr to the major research
objective. In Gordon (1989), a translog multi-prodrevenue function was specified
and estimated for the Canadian cattle industry. 8¢simption of constant returns to
scale was made, allowing the author to redefiner¢lrenue function as an aggregate
output price index, which was then incorporatea iat single-output Cobb-Douglas
profit function. A revenue function was specifieg Kohli (1994) to model Canadian
international trade, in which exports were consdeoutputs and assumed to be
weakly separable from all imports, domestic proaunctfactors and domestic outputs to
allow a two-stage profit maximisation. The exparhdtions for different destinations
were derived from the dual revenue function (theosd profit-maximisation stage)
and estimated concurrently with the import funcsiaerived from a dual cost function
(the first profit-maximisation stage). In a morecent study by Weinberg (2002), a
multi-input revenue function was estimated for aegjtural production as a step prior to
assessing the production surplus for water allonalietween agricultural, urban and
environmental usages in the United States. Thecadssumed revenue maximisation
because of a lack of information on the costs aldes of inputs that did not permit a

profit function to be specified. The revenue masiaion assumption was justified by
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the presence of a quantity-rationed input, the wegsource, which was fixed in the
short run.

The issue of dual objective function choice is @dally most problematic in agriculture,
in which duality applications have most often begplied. Agricultural production
differs significantly to other industries and sestovith thousands of small family-run
farming businesses. Farmers operate with limitedritial and physical resources,
without specialised skills in financial and opepatimanagement and in various
production conditions that they have little contmder. Lifestyle choices can be as
important as economic drivers in farmers’ deciswoaking. Therefore, farmers’
behaviour can depart significantly from the profiaximisation behaviour popularly
assumed in production economics research and &an significantly to producers in
other industries and sectors, especially those magdenainly by large, for-profit

companies.

Cost minimisation has been popularly assumed incagural production research.
Significant studies estimating cost functions fagrieultural production include

Binswanger (1974a), Binswanger (1974b), Kako (19T8¢Kay et al. (1980), Ray

(1982), Lopez (1980), Moschini (1990), Griffities al. (2000) and Kuroda and Lee
(2003). It can be argued that cost minimisation may be suitable for agricultural
production since farming's operating environmentca@npetitive, with numerous
producers and no regulatory restrictions on outlpuels. Farmers, therefore, can

increase their output levels whenever they seeptofitable to do so.

Applications of the dual profit function are padiarly popular in agriculture
production research. Early significant studies udel Weaver (1983), Shumway
(1983), McKayet al. (1982, 1983), Lopez (1984), Antle (1984), Haughtb®36), Ball
(1988), Shumwayet al. (1988), Moschini (1988), Fisher and Wall (1990px6ead
(1992) and Polson and Shumway (1992). This duatablve function has also been
specified in recent studies by Coelli (1996), Lind&humway (1997), Farooq, Young,
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Russell and Igbal (2001), Ahammad and Islam (2084d Abrar, Morrissey and

Rayner (2004). However, there are weaknesses doptbblem formation. Under the
assumption of profit maximisation, optimisation uegs a staged decision-making
process that can become exceedingly complex, edlyeici multiple-output operations

with a large number of inputs and outputs. This jglex process is impractical where
agricultural producers running multiple-enterpriggerations lack highly specialised
managerial and operational skills. Moreover, fasneould not be able to pursue profit
maximisation, especially in the short-term, wheaytlare restricted by the availability
of production resources (Lee and Chambers 1986}héydependency of crops and
livestock on seasons in a year or by long-run imtaschemes implemented for

controlling crop and livestock diseases and présgnmvatural resources.

Overall, there exist alternative ways of formingdaal optimisation problem in
empirical applications of the duality approach. Caminimisation and profit
maximisation have been commonly applied, while nexe maximisation has been
rarely assumed. There are no general rules to guadearchers in deciding what
function among the dual cost, revenue and profictions to specify for a particular
production technology. The choice of one dual fiomcobver another is not generally
explicitly stated, explained or proven. This fupnatichoice issue is even more difficult
in agricultural production due to its competitivearket environment, the presence of
thousands of small family-run producers with lirditdinancial, managerial and
physical resources and the dependency of agrialiltwtputs on seasonal cycles in the
short-term and on rotation schemes implementedigkrand resource management in

the long-term.

2.5 Choice of Flexible Functional Form

In applying the duality approach, after resolvihg bbjective function choice issue,
researchers normally have to face a second cheseee iof functional form. In any

application employing parametric estimation methdks algebraic specification of the
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relationships between variables of the chosen @uadtion must be decided before
econometric estimation can proceed. In essenceistlai choice about the mathematical
representations of the dual cost, revenue or pfofittions. Since the forms of the
underlying production technology and its dual obyec function are unknown, an
approximating functional form is chosen to représéme relationships between

variables of the dual objective function.

The introduction of flexible functional forms encaged the adoption of the duality
approach in early development. These functionan$ollow researchers to avoid
imposing structural restrictions on the productitechnologies being modelled.
Flexible functional forms available to researchenslude translog, normalised
guadratic, generalised Leontief, generalised McEaddeneralised Box-Cox, Fourier,
full Laurent, square-root quadratic and generaliBainett. General mathematical
representations of these functional forms are ptesein Table 1. Other functional
forms, including the symmetric generalised McFad(®@iewert and Wales 1987), the
symmetric generalised Barnett (Diewert and Wale87)9 Asymptotically Ideal
(Barnett, Geweke and Wolfe 1991) and the genenabrantial (Cooper and McLaren
1996), were introduced more recently and are ygato their significance in empirical
research.

The availability of many functional forms presemse more challenging step for
researchers, despite their crucial contributiothtoadoption of the duality approach in
empirical research. As claimed by Lopez (1985), ¢heice of functional form is a

‘purely arbitrary decision’. This choice cannot based on theoretical grounds
(Appelbaum 1979) and depends on both model and(datderson, Chaisantikulawat,

Guan, Kebbeh, Lin and Shumway 1996). At the same,tfunctional form choice has
crucial consequences for the research resultsef@iit flexible functional forms give

different results regarding outcomes of hypothéssding and estimates of economic
and technological relationships (Shumway and Lir&3)9
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Table 1: Common Flexible Functional Forms
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Flexible functional forms have different empiricgbplicability due to their different

approximating characteristics. For instance, thgr@pmation capacity is local for the

translog, generalised Leontief and Box-Cox but glolor the Fourier. Some forms

allow researchers to test for and impose regulacitynditions and technological

structures on the dual objective functions globallyparametric methods, while others

do not.

For example, normalised quadratic and gdised Leontief allow the

regularity condition of convexity or concavity te bmposed globally (Shumway 1983;
Huffman and Evenson 1989; Shumway and Gottret H@lKohli 1993). None of the

available forms seems to be convincingly supermrthte others in current duality

literature.
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A large number of criteria have been suggestecesearchers’ efforts to reduce the
arbitrariness of functional form choice. Theseesid include parsimony in parameters,
ease of interpretation, interpolative robustnesdrapolative robustness, theoretical
consistency, computational facility, desired ranfapproximation and/or convergence
desired, degree of variation of the variables & dlata sample used for estimation and
the a priori expectations of the substitution elasticities (€aand Christensen 1980;
Fuss, McFadden and Mundlak 1978; Mountain and H$B®0 and Andersost al.
1996). The preference of a particular form overtheodepends on the relative weights
a researcher gives to each of these criteria (Lioh Shumway 1997). Probably the
most important criterion is the parameter parsimohthe functional form. The main
motivation of using flexible functional forms insig of the more traditional Cobb-
Douglas or CES is to accommodate more complex tdobies. However, using these
forms can lead to an excessive number of paramietdrs estimated, which often leads
to multi-collinearity, instability of parameter esates and reduced precision in
estimation. Creating more parameters becomes ewer of an issue in modelling
multi-product technologies (Fuss al. 1978). The issue of excessive numbers of model
parameters is further compounded by the common aisemall time-series data
samples for estimation. For a functional form thatludes linear, quadratic and
interaction terms, the number of parameters to $tenated grows rapidly as the

number of explanatory variables increases.

Another important criterion used in functional fordecision is the capacity of
functional forms to meet the theoretical regulagtynditions dictated by economic
theory. These regularity conditions should be Batsin order for the dual objective
function to appropriately describe rational ecororbehaviours. Monotonicity and

curvature conditions are probably the two most defimy requirements for functional
forms and data. While flexible functional forms cal researchers to study
sophisticated technologies, their flexibility combg sacrificing global regularity

properties that are intrinsic to the Cobb-Douglasnf. These global regular properties

have to be artificially enforced, commonly by meaofs parametric restrictions.
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Depending on the functional form used, imposingtrigg®ns on dual objective
functions can have important implications on thhadtire of the underlying production
technology (Lopez 1985 and Blackorby, Primont angssell 1977). Findings on
flexible functional forms’ capacity to globally miete regularity curvature condition,
either naturally or artificially via parametric imgition, without sacrificing their

flexibility are of great value to researchers.

Although flexible functional forms were originalfgvoured because of their capacity
to approximate the unknown true dual function, @monometric convenience in
empirical studies the true dual objective functisrassumed to take the exact form of
the chosen flexible functional form. Few studiesualty spell out this assumption
explicitly as did Kako (1978) and Kohli (1993). Shassumption is made in order for
the error terms in the estimation model to represaty optimisation errors and have
the required behaviour of being independently aleaiically distributed with constant
variance and zero means. With this assumption,datdneconometric estimation
methods can be employed for model estimation. Hewehis assumption means that
the flexible functional form chosen is not usedaasapproximating form anymore. In
order for this exact functional form assumptiorbtlegitimate, much highex priori
knowledge of the production technology and econdweitaviour of production agents
is needed. Moreover, when assuming an exact furadtiform, certain structural

restrictions can apply (Blackorley al.1977).

Much interest has been given to the approximatimpgrties of flexible functional

forms. Most of the popular flexible functional fosmhave local approximation
capacities. These functional forms are expansiomsna a point, often of the second-
order Taylor series type, and therefore are lopafr@imations to the unknown true
function. They can provide satisfactory approxim@taccuracy around the point of
approximation, but the degree of accuracy decreastbsmovement away from the
point of approximation (Kohli 1993 and Fisher, BBg and Serletis 2001). How

closely these functions track the unknown true fiomc at points away from the
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approximation point is not measurable, since thee tfunction is unknown. The
capability of these approximating functional fortosretain global properties, such as
monotonicity or curvature, of the unknown true fiimic is not guaranteed either
(Gallant and Golub 1984). Owing to the local appmation of these flexible

functional forms, it is not guaranteed that regtyaconditions will be satisfied by the

estimated functions outside the expansion ring.

Beside the issue of approximation accuracy outideexpansion ring, locally flexible
functional forms have been questioned regarding twnpatibility with econometric
estimation methods. The parametric estimation nusthesed to estimate the dual
objective functions are global optimising proceduréhe whole data range, not a sub-
range around a data point, is included in the ageahcriterion function, i.e. the sum of
least squares or likelihood function. Meanwhilecdbflexible functional forms are
expected to only approximate the true dual objectimction around a local data point.
As argued by Chalfant (1984), the incompatibilifylacally flexible functional forms
with econometric estimation methods can lead tcsdamlaand inconsistent model
estimates. Empirical applications have shown thaless being constrained by
parametric restrictions, there is no guarantee thatestimated dual function will
satisfy the regularity conditions, especially retjag the curvature condition. As a
result, a robust estimation outcome according tmrmon goodness-of-fit measures is

not automatically satisfactory with regard to diyalheory.

There have been numerous attempts to resolve s isf functional form choice.
Studies by Wales (1977), Blackorket al. (1977), Caves and Christensen (1980),
Chalfant (1984), Diewert and Wales (1987), Thompsmd Langworthy (1989),
Andersonet al. (1996), Ivaldi, Ladoux, Ossard and Simioni (1996rrell (1996),
Gagne and Ouellette (1998) and Fiskeal. (2001) analytically, experimentally and
empirically evaluate the suitability of various fitional forms. These studies have
produced significant insights into the behaviourtlé existing flexible functional

forms. For instance, Caves and Christensen (19B6yved that the translog and
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generalised Leontief functional forms, membershef locally flexible functional form
family, can have small regions where theoreticaéggtarity) conditions of
monotonicity and curvature, in consumer demandyarsl are satisfied. Moreover,
these regularity regions vary significantly depegdon the substitutability between
commodities. This finding is directly applicable tuality analyses of production
technologies. Later, Lopez (1985) analytically destoated that generalised Leontief
and normalised quadratic functional forms imposasgthomotheticity, which implies
that the production technology has a linear exmempath or that the marginal rate of
substitution is independent of output level, inputput separability in multi-output
technologies and additive separability in inputbe Tauthor found that, in contrast,

translog does not impose such structural restristio

Attempts to lessen arbitrariness in flexible fuaotl form choice through empirical
evaluation of flexible functional forms’ performas have had mixed results. For
instance, Thompson and Langworthy (1989) condubiedte Carlo experiments to
evaluate the performance of translog, generalisedntief, quadratic and Minflex
Laurent forms in approximating profit functions afwind that no functional form is
superior based on estimates of the Allen partiastedities of substitution. As Lopez
(1985) points out, the comparison of the perforneant different functional forms
becomes very difficult in the case of multi-produgtichnologies. Most studies
evaluating the performance of flexible functionairhs have been either experimental,
i.e. using Monte Carlo techniques, or empiricah@ture, i.e. using real datasets. These
studies’ findings cannot therefore be generaliddoreover, the empirical evaluations
have often used aggregate and time-series datastonation that undermines their
findings. As a result, the question of which fuootl form suits best in a particular
research application remains more or less unanbleergdndersonet al. 1996).
Moreover, Blackorbyet al. (1977) found the generalised Leontief and transog
separability-inflexible, which somewhat dampenesesgchers’ previously optimistic

views about the claimed capabilities of flexibladtional forms.
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None of the introduced flexible functional formsses to have completely dominated
the others, although some have enjoyed greateptoume in empirical research. The
translog and normalised quadratic forms have beest often applied (Andersaat al.
1996). This is because some of their properties eanpirically attractive. These
functional forms are linear in parameters and tleosveniently estimated using
standard econometric estimation procedures. Sheedre second-order Taylor series
expansions, they have enough parameters to allovarfwtrary second-order effects
(i.e. substitution and transformation elasticitigs)e obtained at any given data point
(Gallant and Golub 1984). Their estimation also sdowt involve an arbitrarily
determined choice of parameters as required forgreeralised Box-Cox form (see
Table 1), which contains translog, generalised Liebrand generalised square-root
guadratic as its special cases, as well as foFtheier form, which was claimed by
Chalfant and Gallant (1985) to have unbiased swibisin elasticity estimates.

The translog and normalised quadratic functionainf have their own weaknesses
despite their great popularity. The translog fummi form has been questioned in
regard to its approximation capability and flexiyil Wales (1977), using Monte Carlo
simulations, found that the ability of the transhogctional form to approximate the
true function deteriorates as the true substituetasticity moves away from unity.
This finding was reiterated in Monte Carlo studbgsGuilkey and Lovell (1980) and
Guilkey, Lovell and Sickles (1983). The translofieibility has also been questioned
following the discovery of its separability-infldility, i.e. it becomes inflexible when

separability is imposed, by Blackorkyal. (1977).

The normalised quadratic functional form has beeadely accepted in empirical
research due to its many advantages. This fundtiona is self-dual, which means
that the underlying production technology is quédnahen the dual objective function
assumes this form (Shumway 1983; Huffman and Ewverk®89; Thompson and
Langworthy 1989; Shumway and Gottret 1991 and Lusatherstone, Marsh and
Abdulkadri 2002). The Hessian matrix of a dual nalised quadratic objective
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function is constant, which can be used to direddyive the Hessian of its dual primal
function (Lau 1976). Possessing a constant Hesws@tnix, the normalised quadratic
functional form displays a global curvature atttdguwhich is considered by Lopez
(1985) to be the main reason for its popularitydwmality applications. With this

functional form, if the curvature condition is sdiied at a data point, it is satisfied at all
data points. This allows the curvature conditiorb&imposed parametrically without

destroying its flexibility (Shumway and Gottret 199

Despite its popularity in empirical research, thermmalised quadratic form has a
significant empirical weakness. When it is usedrodel multi-product production
technologies, a normalising factor (themerairg has to be chosen among the input
prices included in the model. The choice rafmeraireis at the discretion of the
researcher. While this decision is arbitrary, i¢ leaitical implications for the research
findings and policy interpretations. For the sammldobjective function, different
numerairesresult in different econometric models with difat right-hand variables
and error terms (Shumway and Gottret 1991 and Mmiand Zhao 2009). The
equation of the derived demand for themeraire is different from that of the
remaining inputs. This asymmetric trait of the nalised quadratic functional form
and the absence of a systematic method for sejeatimimeraire despite efforts such
as those by Shumway and Gottret (1991), has metivéite development of the
symmetric McFadden and the symmetric generaliseché®a functional forms by
Diewert and Wales (1987). However, these forms atohave the advantages of being
self-dual and possessing a constant Hessian mbitexthe normalised quadratic
functional form (Shumway and Gottret 1991 and Gaame Ouellette 1998).

The above review demonstrates that choice of fanatiform is a nontrivial matter in

empirical applications. Many flexible functional rfos have been introduced and
applied but none is considered completely supedothe others. Studies of flexible
functional forms, mostly employing experimental empirical research approaches,

have produced mixed results, offering only modedp hin the selection of functional
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form. However, there has been an overall prefereancecent literature for the translog
and normalised quadratic forms, although eachtsasnn weaknesses. There is a need
for further research to explore the issues rel&tetthe functional form choice in more

depth, so as to assist future empirical applicatioiithe duality theory.

2.6 Frequent Failures in Satisfying Regularity Coditions

The increasing popularity of flexible functionalrfies appears to have come with an
increasing incidence of failure to meet theoreticagularity conditions by the
estimated dual functions. These regularity condgjaalso referred to as the conditions
for economic integrability, are homogeneity, symmpemonotonicity and curvature.
They are necessary for the dual objective functitm$rave meaningful economic
interpretations. The frequent failure to meet theseditions has generated scepticism
towards the duality approach (Kohli 1993; Barneiti &lahm 1994; Fox and Kivanda
1994; Shumway 1995; Terrell 1996 and Lim and Shuyn¥@97).

The violation of the regularity conditions has ageel to be most serious for the
curvature and monotonicity conditions. This is lyadue to the fact that the other two
regularity conditions of homogeneity and symmetayé often been imposed through
linear parametric restrictions or a normalisatisagess during estimation. In contrast,
it is difficult, if not impossible, to impose theamotonicity and curvature conditions
via parametric restrictions. These two conditioas only be checked or tested after

unconstrained econometric estimation.

Early studies applying the duality approach oftehrbt formally identify the need to

test for or to enforce regularity conditions. Atetlsame time, the failure to meet
regularity conditions does not seem to be a sefqoaklem in studies of single-output
technologies. For instance, the single-output toansost functions estimated for the
United States electric power generation in Chrstenand Greene (1976) and for

Japanese rice production in Kako (1978) satisfyctirecavity condition. This condition
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was also satisfied by the generalised Leontieflsiogtput cost function estimated for
the Canadian agricultural production in Lopez (1)980d the translog cost function

estimated for the Canadian metal mining industridaivorsen and Smith (1986).

Failure to meet the curvature condition in duaipplications has occurred as early as
when duality theory was first applied. This failureas observed in a study by
Halvorsen (1977), where a single-output technoleggs estimated using cross-
sectional data of energy demand in United Statesufaaturing. Such failure has
appeared to be more common for multi-product teldgies. Interestingly, Lopez
(1984) found that the fitted generalised Leontigfltirproduct profit function for
Canadian agricultural production using a crossigeal dataset failed to meet the
convexity condition at 75 per cent of the sampléntso This result contradicts the
findings in the author's 1980 study of Canadianiadural production using a time-
series dataset. Meanwhile, Featherstone and M@8gl) ielded different results when
estimating models for rural banks in the Unitedt&tavith and without imposing the
curvature condition, which implies that the curvataondition was not satisfied. Other
studies where the curvature condition was not feadisinclude Squires (1987),
Fulginiti and Perrin (1990) and O'Donnell and Waodl (1995). The frequency of
failure to meet the regularity conditions has besmhigh for the null hypothesis that
these conditions are met to be accepted at a rebksooonfidence level, as examined
by Shumway (1995). Shumway conducted a survey 8fdLlity studies published in
major agricultural journals from 1972 to 1993 awdrid that the curvature condition
was rejected in 77 per cent of cases, based osuheyed studies’ published test
results and tests reconstructed by the author. $laynalso stated that this condition
was seldom satisfied based on his own experienmlyisig multi-product production
technologies using 60 datasets. This statementimiagsy applies to his 1983 study of
agricultural production in Texas (Shumway 1983)ewha normalised quadratic profit
function of six outputs and three variable inpuisvestimated using time-series data
from 1957 to 1979.
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Different solutions have been proposed in resptngbe frequent failure to meet the
curvature condition. A significant development listrespect was the use of Cholesky
factorisation to impose the curvature conditiontlo® dual objective functions, which
was proposed by Lau (1978a) and followed by Mosc(if88), Featherstone and
Moss (1994), Coelli (1996) and Marsh (2005), amaotigers. This procedure has a
shortcoming though, in turning the model to beneated from linear to nonlinear in
parameters. The estimation of the resultant noatireystem is more difficult and
computationally demanding, especially when the pation technology studied
involves several inputs and outputs or when tha dammple is small. Moreover, the
method chosen to impose the curvature conditionatsmhave certain implications for
the structure of the underlying production techgglodepending on the functional
form employed. Diewert and Wales (1987) showed itimgiosing global concavity on
the dual cost function might cause upward biaséspat substitutability measures in
the translog functional form’s case and exclusidninput complementarity in the
generalised Leontief functional form’s case. In gah unconstrained dual objective
functions have been more commonly estimated witlurta to meet the curvature

condition frequently reported.

Probably more challenging to researchers than tbguént violations of regularity

conditions is the inability to pinpoint their cagséA number of causes have been
suggested. They include incorrect model specificatiiue to potentially incorrect

assumptions regarding producers’ optimisation bighay the inadequacy of the

flexible functional forms (Wales 1977), the excessnumber of variables/parameters
to be estimated and the omission of qualitativeiabdes such as demographic
characteristics (Shumway 1983; Kohli 1993 and Higteal. 2001). Researchers have
also frequently attributed the violation of the vature condition to the inappropriate
type and the inadequate quality of the data usednfodel estimation, especially

regarding measurement errors, time-series progeitisufficient sample size and high
levels of data aggregation (Squires 1987; Kohlit9%humway 1995 and Tombazos
1998).
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The frequent failure to meet regularity conditidres appeared to make it acceptable
for the regularity conditions not to be met, altgbuhis implies that the estimated dual
functions are economically meaningless. Fareb@l. (2001) assumed the curvature
condition was met without formal testing in estimgta translog profit function for
rice farmers in Punjab, Pakistan. As Squires (198%) Wales (1977) emphasised,
failure to satisfy the curvature condition does netessarily mean that the underlying
economic behaviour does not exist. This failure bancaused by a number of other
factors, such as poor approximation capability bé tfunctional form used or
insufficient variation of the data used for estimat Meanwhile, Kohli (1993) warned
that failure to meet regularity conditions, espkgia fairly large estimation models,
can be expected due to the excessive demand dbléeixinctional forms on the data.
On a different path, Shumway (1995) argued thactens of the regularity conditions
are not based on statistical tests but on whetreeiuhconstrained estimates have the
expected signs. The author reasoned that on atwtali basis, the significance of
having the wrong sign may be too small to rejeet llypotheses that the regularity
conditions are met. He also hypothesised that imtzence of detailed validation, it
should not be expected that regularity conditioostylated at a farm-level would hold

at an aggregate level.

In summary, this section reviews the issue of failto meet regularity conditions in
empirical application of the duality approach. Diyastudies of production economics
have often found estimation results to be incoasiswith the theoretical regularity
conditions. This inconsistency is most serious ttoe monotonicity and curvature
conditions, particularly in studies of multi-produechnologies. There has been a
tendency to parametrically impose the curvatureditmm on the estimation model,
commonly via the Cholesky factorisation method.sThmposition can make model
estimation more difficult and imply a certain stuwe on the underlying production
technology, depending on the flexible functionainfoused. In general, the causes of

failure to meet the regularity conditions have heen rectified. They are believed to
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be, among other things, the inadequacy of flexihlactional forms, the mis-
specification of estimation models and, most prentdy, the data used for econometric
estimation. However, their causal relationshipshwthe violation of regularity

conditions have not been concretely demonstrated.

2.7 Data-Related Issues

Data has been considered a cause of the violatiothe theoretical regularity
conditions in empirical duality applications. Asxrand Kivanda (1994) argued, tests
of hypotheses concerning regularity conditionsjanat tests of the theory, data, data
observation and measurement procedures. The mect these hypotheses can
therefore be due to the data used for model estmaiThe use of data highly
aggregated across geographical areas for modehaggin has been believed as the
cause of the refutation of regularity condition®f 1993; Fisheet al.2001 and Lusk
et al. 2002). Empirical duality applications have predoamthly used state, regional or
national time-series data for estimation. Many fienhef using aggregate data instead
of disaggregate data in duality-based studies Haeen quoted to justify such a
substitution. Examples of these benefits are thenga in the cost of collecting
individual farm data, the circumvention of potehtiaollinearity existing in
disaggregate data, reduction of computational buedel the avoidance of difficulties
in drawing aggregate inferences from models usisgg@iregated data (Polson and
Shumway 1990). However, the main reason of sulistiflaggregate for disaggregate
data is the unavailability of micro-level data, arherent problem in agricultural

production research.

There have been a few issues arising from the @Gsggregate time-series data in
duality applications that are worth further invgation. The first issue is the possible
insufficient sample size for robust econometricinegtion. The sample size of
aggregate time-series data is limited by the peabdime over which the data are

observed and therefore is often small. Small datapdes restrict the number of
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parameters to be included in the estimation moddl rrecessitate the aggregation of
inputs and outputs into a small number of variabléss reduces the potential benefits
of using flexible functional forms and the usefudseof information drawn from the
estimated model for policy making. Small data samptan also have detrimental
effects on the estimation accuracy and hypothesiing power. These effects can
undermine the outcomes of research on issues suttteahoice of flexible functional

form or the impact of data aggregation on estinmatesults in duality applications.

The use of geographically aggregated time-serids @so0 means that there is
inconsistency between theory and empirical appboatregarding the decision-making
entity. This is because the duality approach igthas individual firms or farms, not a
state, region or nation. This inconsistency betwi#endecision-making entity in the
theory and the observational unit in the empirdath can cause discrepancies between
theoretical expectations and empirical findingsedietically, consistent aggregation of
data across production units is possible if certeimditions are met; yet these
conditions are too restrictive to be applicable re@ality. Theoretically, consistent
aggregation across farms requires that productioits wuse identical production
technologies (Wolfson 1993 and Polson and Shumve&p)l As stressed by Liu and
Shumway (2004), Shumway and Davis (2001), Wolfsk998) and Chambers (1988),
this condition is unlikely to hold in reality. This particularly true in agricultural
production and, therefore, aggregating data adeosss in a state, region or country is
likely to be inconsistent with duality theory. Netreeless, most studies of agricultural
production technologies have used aggregate dasumyption of the existence of
consistent aggregation conditions, acknowledgeroktiie caveats of using aggregate
data, or a caution about possible effects of the afsaggregate data for research

findings have rarely been explicitly stated in stsdf agricultural production.
The matter of whether it is valid to use aggregédta in empirical duality research

remains one of the most challenging issues forarekers in this field. The questions

of how well aggregate data conveys information aldividual production units and
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what possible impacts the aggregation of data agoosduction units has on research
findings have been raised recently. In the cont#xtarming, where the technology
employed and operational conditions are highly toegeneous across farms, the use of
aggregate data may result in misleading researshitseand thus unreliable policy
interpretations (Liu and Shumway 2004 and MorriBaml 2001). The use of aggregate
data in duality studies may also introduce simdifgnbias. In a competitive market,
firms/farms do not have control over input and ottprices. Thus when micro-level
data are used the explanatory price variablesfgdlie exogeneity assumption. At an
aggregate level, however, prices and quantitiessareiltaneously determined via
demand-supply principles. Therefore, the pricealades are less likely to be exogenous
and estimation biases may occur. Meanwhile, Lim @hdmway (1997) suggested that
the ignorance of time-series characteristics ofreggie data may have contributed to
the frequent failure of past studies to meet onenore regularity conditions required
for rational economic behaviour. They tested tlaiantarity of variables included in
their estimation model and discovered that theseaias are integrated in different
orders. This may often be the case in empiricalistuof agricultural production using
time-series data. As argued by the authors, wherdhables included in static models
are non-stationary, spurious regression and ertmneolicy interpretation will result
unless appropriate diagnosis testing (i.e. coimttegn testing) and correction actions
(i.e. taking differences of the appropriate ordemtake the variables stationary) are
carried out. Further, Barten (1969) pointed out thlaen time-series aggregate data are
used, the model coefficients are implicitly assurteethe constant over time, which is

likely to be unrealistic.

The matter of cross-farm or geographic data aggeygdas received considerable
theoretical treatment in the past. However, emalr@vidence of potentially negative
impacts of using aggregate data in duality appboat is limited due to the
unavailability of farm-level data. In applying théuality theory to agricultural
production in the United States and in ten of gsicultural regions, Shumwagt al.

(1988) found that data aggregation has little impacthe elasticity estimates obtained
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at the regional and national levels. Liu and Shuyn\{2004) tested for consistent
aggregation at the state and regional level usgrir@tural production data in the
United States and found general supports for ctargisaggregation across states.
However, the findings from these two studies dostad any light on the impacts of
aggregating data across farms on estimation reduktsto the use of aggregate state

and regional data for estimation.

Overall, empirical duality applications have enceued some significant issues due to
the unavailability of farm-level data. State, rewb or national time series have
typically been used instead of unit-level data foodel estimation. The use of
aggregate time-series data can undermine the jrdtenflexible functional forms and
multi-product technology frameworks due to the oft®nstrained sample size of this
data type. The use of aggregate time-series datalsa be inconsistent with the theory
since the duality theory is one of microeconom&sch data inconsistency may be the
major cause of frequent failures to meet theorketegularity conditions in past duality
applications. Empirical research on the potentialpacts of geographic data

aggregation on research findings in duality appiices has been limited.

2.8 Conclusion

This chapter presents a review of previously ptkelis econometric models of
Australian agricultural production and internatibnapplications of the duality
approach to production economics. A limited nundfezconometric studies have been
estimated for Australian agricultural productioreda the unavailability of data needed
for model estimation. Early studies applying theémal approach to Australian
broadacre production required restrictive assumpti@bout the structure of the
prevailing production technology. Later duality-edsmodels have restricted study
scopes, which might potentially cause biased estmaresults and have limited
usefulness in policy making, due to the criteriaduto define the study scopes. Almost

all of these studies also used aggregate timessdat instead of farm-level data on
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which the duality theory is based. The data use@dtmation in these studies are now

quite dated and may not accurately reflect cunpeatluction technology.

A review of international duality literature indies that there have remained important
empirical obstacles and issues in the applicatioth® duality theory despite its long
history of theoretical development and empiricaplagation. Researchers applying
duality theory must choose the dual objective fiamctand flexible functional form
among different available functions and forms tpresent the producers’ economic
behaviour before an estimation model can be sgecifThese choices determine the
research outcomes, yet no well-founded guidingsrbkeve been developed for guiding
them. The research findings of duality studies haiso often been found to be
inconsistent with theoretical economic expectati@yarding the regularity conditions.
Moreover, aggregate time-series data have beemadoithy used for model estimations
in duality applications. The use of time-seriesadebuld result in biased estimation
results due to simultaneity and/or insufficient pdamnsizes. Time-series properties in
the data used for estimation have also been ignaratmost all studies, which could
result in spurious regression and erroneous pati@rpretation. Aggregate time-series
data have also been used in duality applicatiorspitee the fact that consistent
aggregation conditions may have not been satisfiédally, there has been little
empirical evidence concerning the impacts of agafieg data across production units

or geographical areas on duality-based estimaésults.
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Chapter 3

Dual Economic Models for Production
Decisions and Measures of
Economic Interest

3.1 Introduction

This chapter covers the theoretical framework & tluality approach in production
economics. As discussed in Chapter 2, duality esuddf production technology

commonly follow one of three alternative formulaiso Each of the formulations
commences with an assumption about the economivimir of the producers via the
specification of an economic optimisation probleFhese optimisation problems are
cost minimisation, revenue maximisation or profégximisation. A dual cost, revenue
or profit function is specified accordingly, eacbcampanied by a set of theoretical
regularity conditions to ensure the duality betw#ss primal production function and
the dual objective function. Embedded in the assumgtimisation problem is an

assumption about the exogenous and endogenousleariacluded in the model to be
estimated. The optimizing output supply and/or indemand equations are then
derived by applying the Envelope Theorem to theneef optimisation problem. This

derivation operation allows the regularity condisoof the dual objective function to

be directly transferred to the derived demand apghly functions.

In the presentation of the duality framework instikhapter, proof of the existence of

duality between the primal production function aath of the dual cost, revenue and
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profit functions is not provided. Proof for the stence of duality has been the subject
of many pioneering publications such as Hotelling32), Shephard (1953), Uzawa
(1962), and Diewert (1971). Only the general repmégtions of the dual objective

functions are considered in this chapter. Theirgsgntations in specific functional

forms will be covered in Chapters 5, 6 and 7 inahempirical models are presented.
For each of the three model formations, quantiativeasures of economic interest,
such as price elasticities and elasticities of irguipstitution and output transformation,

are also presented and discussed.

The remainder of this chapter is divided into eighttions. Section 3.2 contains a
description of the conventional production functisith common measurements of
economic and technical interest, laying a founaatior subsequent dual problem
formulations. Sections 3.3 follows with the spegfion of the dual cost function,
including the theoretical regularity conditionssttiinction satisfies and the elasticities
of economic and technical relationships betweerdygeton inputs. Section 3.4 and
Section 3.5 respectively deal with the dual reveaneé profit functions, following the
same structure as Section 3.3. Section 3.6 corssterspecification of restricted dual
objective functions in dealing with the fixity obse production inputs in the short run
commonly encountered in empirical research. Se@i@rpresents concluding remarks
of the chapter.

3.2 Production Function

3.2.1 Single-output Production Function

The production function is more easily defined thoe single-output case as the output
can be represented by a scalar. In this case, g@iodutechnology can be
mathematically characterised gs= f(X) where y is the output level anX is a
vector of N input quantities. This function represents the imaxn output for a given

input vector. To represent real economic problerh§X) has to satisfy a set of
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restrictions which are often referred to as regwlaconditions. The commonly
accepted restrictions are (McFadden 1963; Diew@rtll Jorgenson and Lau 1974a
and Chambers 1988):

Condition A.1: f (X) is monotonic for allX >0;

Condition A.2: The input requirement set (definal @y) ={ X: f(X)= y) is
a closed, non-empty and convex set (quasi-cong&ityy > 0;

Condition A.3: f (0) = 0 (weak essentiality);

Condition A.4: f(x, X,,..., 0,%_, ,% )} ((strict essentiality);

Condition A.5: f (X) is finite, non-negative, real valued and singleigd for

all non-negative and finit& ; and

Condition A.6: f (X) is everywhere continuously differentiable.

Each of these theoretical conditions has an ecanamterpretation. For instance, the
first condition implies that, if the level of angput increases, the output level never
decreases. Technically, it is possible that whererothings remain fixed, up to a
certain level any further addition of an input ceseuse a reduction in output. For
example, over-fertilising a given piece of land caduce crop yields. Such an
occurrence would, however, never be observed ifdh@aer is economically rational.
Meanwhile, Condition A.2 implies a diminishing marg rate of technical
substitution, which lies behind almost every ecomropnoblem. Condition A.6 is more
for mathematical convenience than for economic sstye This condition allows for
differentiation of the production function to aeiat several technological measures:
importantly, the elasticities of substitution beémeinputs. Other conditions are

straightforward in terms of portraying productiamiplems in reality.
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3.2.2 Multiple-output Production Function

For the case of multiple-input and multiple-outpubduction, the presentation of the
production function is more generally defined aset of technically efficient output-

input combinations defining production possibiktierhe multiple output technology
can be presented as{X,Y) =0, where X =[x, X, ..., ¥ ]andY =[y, y,...y,| are

respectively the input and output sets. Since tloglyction technology is no longer
represented as a function where the left hand iside scalar, it is not possible to
express the regularity conditions in the same maasié the single-output case above.
The production technology and associated regulaatditions are normally described
and discussed in terms of set notions, which cos$ithe production possibility sets,
the input requirement sets and the producible-didpts (see Chambers 1988, Chapter

7 or Diewert 1974). Alternatively, the technologyanc be represented as

-x = L(X,,Y) where x is an arbitrarily chosen input aXd, is the vector of all

other inputs excepk (Shumway 1983). In this representation, similathe single-

output casel is assumed to be finite, nonpositive, real-valuemjnded, continuous,

smooth, monotonic, convex in inputs and outputd, tance-differentiable.

3.2.3 Measures of Economic Interest

The main purpose of estimating the production fiancts to gain information about
substitutability and transformability between inp@aind outputs. A series of measures
of substitutability have been introduced. The Alpartial elasticity (also termed Allen-
Uzawa) was formulated by Allen (1938) and Uzawa6@)9 The direct elasticity of
substitution was then defined by Hicks (1963). TMerishima elasticity was later
introduced, independently by Morishima in 1967 &m untranslated Japanese work)
and Blackorby and Russell in their 1975 unpublistisdussion paper (Blackorby and
Russell 1989). Other measures of substitution ielass are the shadow elasticity of
substitution, which is a weighted average of tworiStuma elasticities (McFadden

1963), and the generalised factor ratio elastioftysubstitution, which includes the
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Morishima as a special case (Davis and Shumway )1996ong all the measures
introduced, the Allen partial elasticities have m@&eost popularly estimated, although
this definition has recently been subject to foutefiticisms for its quantitative and
qualitative ambiguity (Blackorby and Russell 198@ &lackorby, Primont and Russell
2007). For the single output case, the substitutadationship between inputg and

X; is defined as:

o =kt B (3.1)
o f f, f,
af (X) fl fll f12 . .
where f, :a—, F=|f, - - , and F; is the cofactor associated
X : : :
fn fln f2n fnn

with element f; (Binswanger 1974a and Chambers 1988). The Alletiap&lasticity
is symmetric, i.e.g; =0, , due to the assumption of twice-continuously défdiable

technology and Young's theorem of symmetry in défdiation. A positive Allen
partial elasticity between two inputs means theysaibstitutes; a negative one signifies
that they are complements. In a substitutive m@hstiip, an increase in price of one
input, holding fixed the level of output, evokesiaarease in the use of the other input;
in a complementary relationship a price increaseltg in a reduction in the utilisation
of both inputs.

In comparison to the Allen partial elasticity obstitution, the Morishima measure has
been less often used. However, this measure hasréperted in several recent studies,
including Agbola and Harrison (2005), Sharma (2002%heret al. (2001), Huang
(1991) and Mountain and Hsiao (1989), for its maneaningful interpretations
compared to the Allen partial measure. The Morishiefasticity of substitution is
defined as:
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f R fFE

of =1L (3.2)
x F x F

where f;, F; andF are defined as above.

This elasticity can be related to the Allen pargd#sticities in the following fashion
(Blackorby and Russell 1989 and Chambers 1988):

f x
o' =g -a). (3.3

As with the Allen partial measure, a positive Mbima elasticity implies a substitutive
relationship and a negative value implies a complgary one. However, as shown in

(3.3), Morishima elasticities are not symmetrice.,i. aij“" ¢aj“i”. Moreover, a
relationship can be complementary by the AIIeniahmeasure(aij <0) while being
substitutive by the Morishima measufe;' >0), which occurs if|o;| <|o;|. The

relative reasonableness of the Allen partial andidhama elasticities is more clearly

demonstrated in the following discussion of thel duactions.

3.3 Dual Models Using Cost Functions

3.3.1 Optimisation Problem for Multi-product Production Technologies

If, conditional on output levels, producers areuassd to respond to a change in the
market price of an input by adjusting all inputédés/to minimise the production cost, a
dual cost function can be defined for the undedypnoduction technology, even in the

case of multiple outputs. Consider the multiple potit technology h(X,Y)=0
described in the preceding section. DefWez[vq, V\évg] as the input price vector

and V(Y) as the input requirement set corresponding to ghosluction technology.
The cost function dual to this technology is thenefimed as

CW,Y)= rr](ln{ W X: X3 \( Y} This cost function satisfies the following corulits

(Shephard 1953; Uzawa 1964; Binswanger 1974b aathGéars 1988):
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Condition C.1:C(W, Y) is non-negative fovW >0 andyY >0;

Condition C.2:C(W, Y) is non-decreasing iw;

Condition C.3:C(W, Y) is continuous and concave\i;

Condition C.4: C(W,Y) is positively linearly homogeneous i, i.e.,
C(tW,Y) =t W Yforall t >0;

Condition C.5:C(W,Y) is non-decreasing iw;

Condition C.6:C(W,0) = 0, i.e., there are no fixed costs; and

Condition C.7:C(W,Y) is continuously differentiable W so Shephard’'s

lemma can be applied to derive the cost-minimisnpyt demands as the first

derivatives of the cost function with respect tputhprices.

These conditions ensure that the cost function,chvirepresents cost minimising
behaviour, is capable of portraying a regular teébgy and are normally referred to as
the regularity conditions. Condition C.1 means ttin cost function has to be non-
negative in the range of positive input prices aadnot be zero for a positive output.
Condition C.2 implies that an increase in the potany input does not decrease the
production cost of a given output level, other gsinbeing fixed. Condition C.3
postulates that there are possibilities for sulostih between inputs so that, if an
input’s price increases, the production cost ireesaby a smaller or equal proportion.
The next condition of linear homogeneity in inputices means that the cost-
minimising input mix does not change when inputegsivary by the same proportion.
The requirements of being non-decreasing in outpumid having zero fixed costs
(Condition C.5 and C.6) signify that it costs mtwgroduce more outputs and there is
no cost in producing nothing. Finally, Conditiorv@as a greater empirical implication
than theoretical implication because this condiilows for a systematic derivation of

input demands that inherit the properties impligdHe cost function.
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3.3.2 Output-constrained Cost-minimising Input Denand Functions

Important to the duality relationship between tlwstcfunction and the production
function is Shephard's lemma. In his 1953 monogr&biephard provided a proof of
the one-to-one correspondence between cost-mimignisiput mix, conditional on

output level, and the production possibility sugdthe isoquant in the two-input case)

for a given output level.

Shephard’s lemma

When the cost function satisfies the conditionscdeed above, the unique, cost-

minimising input demand vector is determined as:

o0C(W, Y)
ow

)Q(W,Y)= ,1=12,.n. (3.4)

Applying Shephard’'s lemma, the regularity condiioof the cost function can be
transferred to the derived cost-minimising demasubéons. Condition C.2 means that

oC(W,Y)
ow

the conditional input demand (W, Y) = is positive for alli =1,2,..n while

°C(W,Y) _ 9 x(W

, (i,i =1,2,.n), is negative
wow = aw | ), is neg

Condition C.3 holds if the matri%

oC(W,Y)
ow

semidefinite. Condition C.4 is equivalent to theivisd demand x (W, Y) =

being homogeneous of degree zeroNnand marginal costg%, k=12,..m
k
being linearly homogeneous W. The condition of being non-decreasing in outputs
OCW, Y) is
Y,

positive for allk =1,2,..m. Finally, if the cost function is further assuntedoe twice-

(Condition C.5) is satisfied if the shadow price aftput p, (W, Y)=

continuously differentiable instead of continuouglifferentiable (Condition C.7),

which is for mathematically convenient derivatioh edasticities, a condition that
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OC*(W,Y) _ 0 x(W Y
owow, ow

is symmetric is resulted. This condition arisesrfrYoung’'s

theorem in partial differentiation and is usuabyerred to as the symmetry condition.

3.3.3 Measures of Economic and Technical Interest

In production economics, researchers are predonmniaterested in the economic and
technical relationships among inputs and outpute dGommon unit-free measures of
these technical relationships can be retrieved ftloensecond derivatives of the dual
cost function. This operation requires the furthgsumption that the dual cost function
is twice-continuously differentiable in input pricdn the specification of the dual cost
function, the net (conditional or output-“compemsHit or output-constant) price

elasticity for input demand is defined as:

_OXW,Y) W,
1 = , (3.5)
Lo (W Y)
which satisfieszn:qij =0 and 7, :&/7].i where ¢ = X W, Y) w andc :M

= c CcW,Y) bocw,Y)
are respectively the cost shares of inpaind inputj (Chambers 1988; Bertoletti 2005
and Blackorby and Russell 1989).

Applying the definition of Allen partial substitom elasticity in the primal production
function’s case (expression (3.1)) to the cost tiong it has been proven that net
(output-“compensated”) Allen partial elasticitieflssoibstitution can be expressed as the

following (Binswanger 1974a and Uzawa 1962):

1TOCW,V)OAWY awow  x(W ) XWY 08w '
ow, ow

Under the assumption of twice differentiability tife cost function, the net Allen

partial elasticities are symmetric, i.e;, =0, .
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From the expressions of the net price elasticities, net Allen partial elasticities of
substitution and the net Morishima elasticitiessabstitution, it is straightforward to
Ty

establish that g; =
C.
]

and o' =5, -7, . These two equalities can be used to

demonstrate the relative meaningfulness of thenAtlartial and Morishima elasticities

(0, and O'iJM) in multi-input productions. The expressiar - implies that once
C.
J

the price elasticity between two inputs is knowre Allen partial elasticities provide
no further useful information about the pair’'s duitbgability or complementarity since
c; is positive. As explained by Blackorby and Rus¢e889), symmetry of pair-wise
elasticities of substitution is unlikely to be aataral property” in multi-input
production, which implies that the Allen partial aseire, with its symmetry property as

discussed in Section 3.2.3, may not be suitablenidti-input technology cases.

In contrast to the Allen partial elasticities, thet Morishima elasticities between two
inputs depend on which of the two input prices desn A relationship can be
substitutive in one direction but complementary thre other direction and the
substitution effects depend on what price variesceSs; and 77; in the expression

a”.M =n, —1; are price elasticities with respect to the sanpetirj , aij“" measures the
difference in the percentage change in inpuéind percentage change in ingutwith
respect to a change in the price of ingutSimilarly, aj“i” =n; =1 is the difference
between the percentage change in inpuand the percentage change in inputin
response to a change in the price of inputAs established by Blackorby and Russell
(1989), O'iJM and aj“f are not equal to each other except for the casegoeinput and
CES-Cobb-Douglas  multiple-input  production techgus. Moreover, as
demonstrated by Chambers (1988), in a multipleiﬁrqase,aij“" and Jj“i” can have

opposite signs, which implies that the directiortred Morishima relationship between
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two inputs depends on which of the two input prickanges. This asymmetry makes

Morishima elasticities more intuitive.

3.4 Dual Models Using Revenue Functions

3.4.1 Optimisation Problem for Multi-product Production Technologies

When producers are assumed to adjust output mixatdmise the production revenue
for a given input mix, the revenue function is dual the underlying production

function. For a multiple output technology reprasenby h(X,Y)=0, the dual

revenue function is defined & P, X) = mYax{ PY: YD Y x} , WhereP is the vector

of output prices, andU (X) is the output production possibilities set. Theeraie

function should satisfy a set of regularity cormhs (Diewert 1974 and Chambers
1988):

Condition R.1:R(P, X) is nonnegative foP >0 and X >0;

Condition R.2:R(P, X) is nondecreasing iR ;

Condition R.3:R(P, X) is continuous and convex iR;

Condition R.4:R(P, X) is positively linearly homogeneous m;

Condition R.5:R(P, X) is nondecreasing x; and

Condition R.6: R(P, X) is differentiable inP so revenue-maximising output

supplies can be derived by applying the SamuelsoRddden lemma.

The economic interpretation of these conditionsingilar to those for the cost function
except that they are interpreted with respect tqpuduprices instead of input prices.
Also, the revenue function is convex in output @sicconditional on input levels, while
the cost function is concave in input prices (ctodal on output levels). Again, the

last condition (Condition R.6) is not necessary tfog revenue function to accurately
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portray a regular technology but is employed forthmmatical and empirical

convenience.

3.4.2 Input-constrained Revenue-maximising OutpuSupply Functions

When the regularity conditions hold, the SamuelBmitadden lemma (Chambers
1988), a form of the Shephard-Hotelling lemma nande@ to contributions by
Samuelson (1947) and McFadden (1978a) in extenthiegduality theory to the

revenue function, can be applied to derive themegenaximising output supplies.

Samuelson-McFadden lemma

When the revenue function is differentiable andsgat all the regularity conditions,
there exists a unique mix of revenue-maximisingpousupplies which is determined
by taking the partial derivatives of the revenuachion with respect to the output
prices:
Y, (P, X)ZW’ k=1, 2,..,m. (3.7)

k
Applying the Samuelson-McFadden lemma, the regylanditions can be carried
over to the derived output supplies. Condition Ri2 satisfied when

Y, (P, X):%E’X) is positive for all k while Condition R.3 means the matrix
k
2
9, (P, X) = O"RF X (k, 1 =1,2,.. ,m is positive semidefinite. Condition R.4 is
op, opon

the same as the derived suppligg P, X), k=1, 2,..,m, being homogeneous of

degree zero in input prices. Finally, Condition Rs5satisfied if the shadow price of

OR(P, X)

input w (P, X) = is positive for alli =1,2,..n. If the revenue function is

62



Chapter 3 Dual Economic Models

further assumed to be twice-continuously differgole, the symmetry condition:

(P X) _O¥(RX) "y =12,

on on . m). is implied.

3.4.3 Measures of Economic and Technical Interest

Again, with a further assumption that the dual rexefunction is twice-continuously
differentiable, unit-free elasticities similar tbose in the dual cost function analysis
can also be derived in the analysis of the duakmae function. The net (input-
constrained) price elasticity of outplutwith respect to price of outplt is formulated
as
6, = aykgp, X) R (3.8)

B %R X)

It is reasonable to expect that the formulas ferrtat transformation elasticities will be

the same as in the case of the cost function. Heryelre proof of this for the single-
input technology case will be presented here fonmeteness. The generalisation to
the multi-input technology case will be straightfard.

Assuming that we have the single-input productieshhology characterized by
x=g(Y), where g(Y) is the input requirement function that represénésminimum
input level required to produce a given output nthe net Allen partial elasticity of
transformation is defined as:

WA

r, ==———% 'whereG is the bordered Hessian determinant
Y ¥
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0 0, 0, On
0, Oi1 012

G=|g, - and G, is the cofactor associated with elemept
gm glm me e gmn

The derivation of the formula for this elasticity terms of the revenue function is
analogous to the derivation of the net Allen pamiasticities of substitution for the
cost function case presented in Binswanger (19a#d) Uzawa (1962). Given the
problem of maximising the revenu{ P Y., Subject to production requirement
k=1

condition x = g(Y) , the first order conditions are:
{900-X=0

P — Egk =0’
where/ is the Lagrangian multiplier ankl=1,2...m.

The matrix representation of the total differentibthese conditions is

0 9 9 - g |[[d/] [¢dx]

0 Gi1 (&) Om dyl dQ
Vi 9, o dy2 = dg .
L gm glm me gmm__ dym_ L dprn

Solving ford¢/¢ anddy, (k=1,2...m), we have:

[dIn/] [ ¢dx]
dy, d
116, ; . dy, _1G, o o
dy, |==—*| dp, |, which means—= ==—%. Substituting this last expression into
. G . op, ¢ G
L Ay | dpn |

the general formula of the net elasticities we have
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L ESe Yoy

W% G Xy oR

As we haveg, :% from the second equation of the first order coodg (1), the

2R g,
previous expression leads tg = ~=L—— —1
YeY OR
’R(P, X
Applying the Samuelson-McFadden lemma results—%‘— :M Replacing
ap, opon

this equality into the preceding expressiorr@f we obtain

z_=;y'p’62R(F’,X)= RPRX R PX (3.9)
vy omdn W(RXYMPY app |

Similar to the cost function, the input-constraingdce elasticities and Morishima

elasticities of transformation between outpkit and outputl have the following

: . & :
relationship:7, ==X, andr) =¢, —¢,, wherer, is the revenue share of output
r.I

and 7)) is the net Morishima elasticity of transformatiohoutput k with respect to

(the price of ) output ™.

3.5 Dual Models Using Profit Functions

3.5.1 Optimisation Problem for Multi-product Production Technologies

Let Q be the production possibilities set for a multiplgput technology represented

by the functionh(X,Y) =0 with input and output price vectoW and P. The profit

function dual to this production function is defthas:

! Although Morishima elasticity was originally deei for the cost function, this name is also useé he

for ease of reference.
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(W, P):nga}x{ PY-W X:(Y XOQ; WPQ.

The set of regularity conditions this profit furati satisfies consists of (Lau 1972;
Jorgenson and Lau 1974b and Chambers 1988):
Condition P.1:7/7(W, P) is nonnegative fow >0 and P >0,

Condition P.277(W, P) is nonincreasing iW ;
Condition P.371(W, P) is nondecreasing iR ;
Condition P.47(W, P) is convex and continuous in all of its argumeats]

Condition P.571(W, P) is positively linearly homogeneousW and P.

In addition to these conditionsz(W, P) is normally assumed to be continuously
differentiable inW and P so Hotelling’s lemma can be applied to derive pinefit
maximising output supplies and input demands, arek @nd substitution elasticities

can be extracted from the derived output supplesiaput demands.

3.5.2 Profit-maximising Input Demand and Output Syply Functions

Similar to the case of the dual cost and revenuetions, the profit-maximising input

demands and output supplies can be derived by iagplye Hotelling’s lemma.

Hotelling’s lemma

Under the regularity and twice-continuous differability conditions, there exists a
unique set of profit-maximising input demands angtpat supplies, which are
determined by taking the partial derivatives of gefit function with respect to input

and output prices:

X (W, P):M, i=1 2, ..,n, (3.9)
ow,
and
Yi(W, P):%pﬂ, k=1, 2, ...,m, (3.10)
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where x (W, P) and y, (W, P) are profit-maximising input and output quantities.

The derived input demands and output supplies inpeaperties from the properties of

the profit function as in the case of the dual @ revenue function. Condition P.2

implies —x _ 97W, P) has to be nonpositive (the input demands are ryative)

ow

and Condition P.3 impliesy, :M has to be nonnegative. Wher(W, P) is

k

twice-continuously differentiable, Hotelling’s lenamand Young’s theorem imply the

symmetry

condition:

ox (W, B) _ 0x (W, P)

oy, (W, P) _ 9y(W. P

ow, ow

on

on,

and

Ox(W, P) _ 0y (W F). With the additional condition of twice-continudys

op,

ow

differentiability, Condition P.4 of convexity in iges leads to the restriction that the

Hessian matrix, whose elements are the secondadiess of the profit function with

respect to input and output prices, must be pasgemidefinite. This implies that the

matrix of slopes of derived input demands and dusppplies

foy,(W, P dy(W B
op, op,
ay,(W,P)  ay(W B
op, op,
oy, (W,P  ay (W B
op, op,
-0x(W, P -0x(W B
op, op,
-0, (W, P -0x%(W, P
op, op,
-ox, (W, P -ax(W P

I op,

OYW P IYWP 3,4 WP

o, 0w 0w
oy,W. P ayWP ONWP

op,,

QWWP Oy WP 2y WP

ow

0w

on, ow ow
_aKWPE_al)(WP_alé(W)PM
op, | ow ow
-,W,P) dX(WP -9 X WP
op, 0w ow
-0 X(WP) -0x(W,P -dx(W B
op, 0w ow,
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must be positive semidefinite. Finally, Condition5Hmplies that derived output
supplies and input demands are positively homogeneb degree zero i® andW,

or stated mathematically, (W, P) = y (tW, tB and x (W, P) = x(tW, th for all t >0.

3.5.3 Measures of Economic and Technical Interest

The derivation of gross price elasticities is agales to the cases of the dual cost and

revenue functions. The elasticity of demand foruinip (i =1,2,..n) with respect to
price of input j (j=1,2,.n) is:

_ox(W,P) W,

% = oW x(W, P’

(3.11)

The elasticity of supply of outpuk (k =1,2...,m) with respect to price of output

(I=12..m) is:
_0y (W, P)  p
S op, % (W, P - (312

Finally, the cross-price demand elasticities qfuin i (i =1,2,..n) with respect to
price of outputk (k =1,2...m) are:

£ XW.P_ g
« oo, Xx(W, P

The economic interpretations of the price elastéisithere, however, are different to

(3.13)

those of the net elasticities derived from the castl revenue functions. These
elasticities represent the gross effects, i.ey thelude both substitution and expansion
effects, as the quantities of both inputs and dstpwe allowed to vary in response to
price changes. These elasticities are not condition output or input quantity as in the
case of the cost and revenue functions where thmitsuare exogenous in the former
and the inputs are exogenous in the latter.
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When a profit function is estimated, the substiiuitand expansion effects in input and
output responses can be separated. Lopez (1984Chahbers (1988) provide the
derivation of thecompensategrice elasticities of input demand and output $ypp
which are comparable to the net elasticities okthifrom the cost and revenue
functions, using only estimates of the profit fuoot The term “compensated” is used
here to make a distinction between thet elasticities indirectly obtained from the
profit function and the comparable net elasticibsained from the cost and revenue
functions. In calculating theompensategrice elasticities of input demand, all outputs
are assumed to be fixed when an input price chafiges are, therefore, measures of
substitutability that are net of adjustments inpotitquantities. Analogously, in the
calculation of thecompensatedprice elasticities of output supply, all inputsear
assumed to be fixed when an output price changeey Bre measures of output
transformability that are net of input effect. & in this sense that theompensated
elasticities ar@metand are comparable to the net elasticities olbdafireen the cost and

revenue functions.

Let A{W} be the matrix of responses ofitput supplies tooutput price

dyy (W, P)

changes,A, :{ } the matrix of responses olitput supplies toinput price

changes,A :{M} the matrix of responses ofput demands t@utput price

opy

—0x (W, P)
oW

I

changes ana, :{ } the matrix of responses wiput demands tanput price

changes. Then, theompensategrice responses of input demand and the grosg inpu

demand price responses have the following relation:

|:62C(W, Y)

owow

} =-A+A xA'x A, (3.14)

Similarly, thecompensategbrice responses of output supply are related ¢ogtioss

output supply price responses as in the followigggdty:
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Chapter 3 Dual Economic Models

{OZR( P, X)

Thesecompensategbrice response equalities can be expressed irstefnunit-free

elasticities using the definition (3.5).

The gross Allen partial elasticities of substitaficansformation between inputand
input j (i,j =1,2,.n), between outpuk and outputl (k,1=1,2,..m), and between

inputi (i =1,2,..n) and outputk (k =1,2,..m) respectively, are given as:

L (W, P) o’r(W, P

ST W (W oWy o
o_ nw,P)  o*n(w,P

STy WA (W o p 340
and

KO = (W, P) azn(W,F)_ (3.18)

Xx(W,P) y(W R avp

The gross Morishima elasticities are expressedailyito their net measures as:

K'"'=¢& =&, where i,j=1,2,.n; ky°=§ & Where k1=12,.m; and

KO =& —&  wherei =1,2,.n andk =1,2,..m (Blackorbyet al. 2007).?

It is important to note the differences of the ®&ises of substitution and
transformation derived from different dual objeetifunctions above. The elasticities
drawn from the cost function are termed net elasscin order to explicitly indicate

that they represent substitution possibilities afethe output effect (Blackorbgt al.

2 Although Morishima elasticity was originally deeigt for the cost function, this name is used for the
profit function here, in conjunction with “net” arfgross”, to differentiate between cost, revenud an
profit functions, for ease of reference. Davis @ttimway (1996) named this measure differently as

factor ratio elasticity of substitution but, in esse, it is Morishima.
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2007 and Bertoletti 2005). They are also categdrise compensated or Hicksian
measures (Gordon 1989 and Lopez 1984). Similalgstieities of transformation

generated from the revenue function are net of tinpffiect. In contrast, the

substitution/transformation elasticities obtainedthe profit function estimation are
gross or uncompensated elasticities (or Marshadllasticities in Gordon 1989; Lopez
1984 and Squires 1987) since they represent théioech effect of adjustments in both
inputs and outputs. However, similar to t@mpensategrice elasticities from (3.14)

and (3.15), theompensatedllen and Morishima elasticities can be computédraa

profit function is estimated.

3.6 The Restricted Dual Models

Production operations normally involve differenpuns that have different adjustment
timeframes. Many of these inputs, typically capital durable items, can only be
adjusted over time periods that are longer thannitrenal production cycles due to
their lumpy nature and heavy investment requiremeBecause of these restrictions,
producers cannot adjust the quantities of inpuggaimtaneously in response to market
price changes. When data on production are repattéiche intervals shorter or equal

to production cycles, these inputs become fixequassi-fixed in nature.

To account for the fixity of some of the productioputs, the dual objective functions
are sometimes specified in their restricted (oialde) forms. The dual functions are
restricted, within the timeframe considered, du¢htre being no adjustments in fixed
(and quasi-fixed) input quantities, despite chanigetheir prices. The dual restricted
functions represent short-run optimisation probleass opposed to the long-run
problems where all the fixed inputs are optimallgjuated. According to these
specifications, producers adjust the levels ofalde inputs and outputs conditional on
given levels of fixed inputs. Fixed input quanstiare considered exogenous in such
specifications. Therefore, unlike the treatmenvafiable inputs, the quantities of the

fixed inputs rather than their prices appear onrigkt hand side as the explanatory
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variables in dual restricted cost and profit fuoot. The derived input demands and
output supplies derived from these two dual fumiare thus conditional on the levels

of fixed inputs.

Let Z be the vector of the fixed-input quantities. Theneral representations of the
dual restricted cost function in Section 3.3.1 ahthe dual restricted profit function in

Section 3.5.1 become

CW.Y, 2=min{ W X: XJ (Y }and
n(VV,P,Z):rQ%x{ P'Y-W X:(Y X0Q; W P},

where X represents variable inputs only. Although theegahrepresentation of the

dual restricted revenue function becomd¥(P, X, 2) = mYax{ PY:YO UX 3,

essentially there is no differentiation between ¥hegable and fixed inputs since the
levels of outputs supplied are conditional on tlagiable inputs as well as the fixed
inputs. The imputed value of an incremental uniadixed input, normally termed the
‘shadow price’ of that input, can be derived asftist derivative of the dual restricted
objective function with respect to the quantitytieét input (Paris 1989; Chambers and
Just 1989 and McKawt al. 1983). The regularity conditions for each of theald
restricted functions are analogous to those desttriand discussed for the dual

unrestricted functions in the preceding sections.

3.7 Summary

This chapter lays out the three common duality-thasedel formulations in studying
multiple-output, multiple-input production techngles. Production problems of cost
minimisation, revenue maximisation and profit mais@tion are formed. The dual
cost, revenue or profit functions representing ehegtimisation problems are defined
in their general forms as functions of prices andjoantities. A set of theoretical
regularity conditions and their economic interptieta are described for each of the

three dual objective functions. The optimizing dypgnd demand functions are then
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derived by applying the Shephard, Samuelson-McHadael Hotelling lemmas. The
derived input supplies are output-constrained i@ tiase of the cost minimisation
problem and the derived output supplies are inpustrained in the case of the

revenue maximisation problem.

Price elasticities of supply and demand and eléissc of substitution and

transformation between inputs and outputs are défiior each of the three duality-
based model formulations described in this chaptethe dual cost analysis, these
elasticities are net measures since they are neadpfstments in output levels.
Similarly, the elasticities defined for the dualeaue function are net of adjustments
on input levels. The elasticities defined in theecaf the dual profit function are gross
measures, showing the combined effects of adjussmanboth inputs and outputs.
Finally, the restricted dual objective function® atefined for cases in which some

production factors are fixed during normal prodoctcycles.
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Chapter 4

An Overview of Australian Broadacre
Agriculture and Data

4.1 Introduction

The objectives of this chapter are threefold. Rirghis chapter presents an overview
of Australian broadacre production, the empiricaintext to which the duality
framework described in Chapter 3 will be appliechisT overview covers key
characteristics of broadacre production that ham@cal implications for model
specification. Many features specific to Australiamadacre agricultural production,
such as the strong reliance of production on rHirsfiad the operation of multiple
enterprises on farms, have to be addressed in dbeometric specification of the

models to achieve sound estimation results.

The second objective of this chapter is to pro\addetailed description of the large
unique quasi-micro dataset of Australian broadacoeluction used in this study. This
guasi-micro dataset sets this study apart from iposv studies of agricultural
production in Australian and overseas. Farm-leathcre often unavailable for studies
conducted outside government research bodies. afbstland only published study of
Australian broadacre agricultural production udiaugn-level data is the ABARE study
by Kokic et al. (1993) for the period from 1981 to 1991. In costydhe quasi-micro
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dataset used in this thesis covers the period 680 to 2005 (ABARE 2007). This
guasi-micro dataset was drawn from the AAGIS dathwas formed in a way so as to
retain the micro-level nature of farm production rasich as possible, while still
maintaining the confidentiality requirement. Inai@ing the micro-level nature of the
data, the impacts of cross-farm aggregation onarebefindings that most previous
applications are subject to, are circumvented. basi-micro nature of this unique
dataset also allows the data sampled across tinte tpooled together to create a
sample that is advantageously larger than mostiquevduality applications to
Australian and international agricultural produnticAt the same time, the unique
quasi-micro nature of this data raises significaobnometric implications that have
often been encountered in previous agriculturaliegjions. These issues have to be
addressed during estimation. Owing to the uniqueresl important implications of

this data, the scheme by which it is formed willdescribed in detail in this chapter.

The third objective of this chapter is to providdetailed description of the exogenous
and endogenous variables to be included in the acauetric models of Australian
broadacre agriculture estimated in this study. €hasiables are the aggregate variable
inputs, aggregate fixed inputs and aggregate osiipiubroadacre agriculture. They are
formed after a careful process of aggregating acnesnerous input and output items
reported in the original AAGIS dataset. These agaje variables will be included in

all models estimated in this thesis.

The remainder of this chapter is divided into fisections. Section 4.2 describes
Australian broadacre production with a focus onrati@ristics that have important
implications for econometric modelling. Section fbBows with a detailed description

of the AAGIS quasi-micro dataset of Australian lwt@aere agriculture used in this
study. Section 4.4 provides definitions of variabilecluded in models estimated in the

subsequent chapters. The chapter finishes witlmansuy in Section 4.5.
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4.2 An Overview of Australian Broadacre Agricultural Production

Broadacre agricultural production continues to dbate significantly to the Australian
economy despite its diminishing contribution tcat@conomic output over the last few
decades. Broadacre agriculture is prevalent adtesscountry and is dominated by
multi-product producers. The sector is spread adio®ge distinct broadacre zones with
varying rainfall and topographical conditions thdgtermine farm operation types.
Broadacre farmers generally have some flexibilityadjusting their output mixes
within reasonably short time periods in responsevtather and market changes.
Compared to other sectors in the Australian econorbyoadacre farmers

predominantly run small family businesses in contipetinput and output markets.

4.2.1 The Role of Australian Broadacre Agriculture

Taking a macro perspective, broadacre productiomimamtes Australian agricultural
production and contributes significantly to the #&abBan economy. Broadacre
agriculture accounts for around three per cent rolsg domestic product and the
Australian labour force. In the 2008 financial yebhroadacre farming had a total
production value of $41.2 billion and employed 300, people (ABARE 2008).
Export of broadacre commodities is one of Austialmain sources of foreign income.
Major commodities produced in broadacre producéi@ncoarse grains, oilseeds, wool,
beef and sheep meat. Beef cattle production has ineeeasingly popular with a total
annual production, domestically slaughtered or ewegblive, of $7.6 billion in 2008
ABARE (2008). The importance of grains and oilsedds diminished despite
continuous production increases. Collectively,thkie of these crops summed to $9.0
billion in 2008. The role of wool in broadacre agiiure has diminished significantly
over the last two decades but this product remaapailar; the value of wool exported
in 2008 was $2.8 billion. Lamb production, in cast; doubled between 2001 and
2008 (ABARE 2005, 2008).
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4.2.2 Operational Conditions of Australian Broadace Agriculture

Broadacre farms are present in most parts of Alisteacept for the dry central areas,
where there is not enough rainfall, and the nareastern coasts, where intensive
livestock grazing and cropping on smaller scales #xasible. The production
technology employed on broadacre farms is strormglgditioned by climatic and
topographical conditions. Broadacre farms are nynferge farms, running extensive
cropping and grazing operations that rely heavitynatural rainfall for soil moisture
and require reasonably flat topography to utilisegé-scale machinery in cropping

activities.

Broadacre farmers have adapted to Australian dlinaaitd topographical conditions by
a common practice of producing a mixture of twanmre products at the same time.
The practice of simultaneously producing differemdducts helps farmers efficiently
utilise their different production resources andhage production risks, such as those
caused by unexpected weather events or soil degradBroadacre farmers have some
flexibility in adjusting their output mix within aeasonably short time to respond to
market price movements and the unfolding of weatioerditions. These farmers also
have to make optimal decisions about the mix dfed#nt broadacre products, since
these products can either complement or substituteach other in a normal multi-

enterprise production operation.

By international standards, Australia suffers fretmw and highly variable rainfall.
Rainfall varies significantly not just through tirbet also across the continent during a
year. The influence of rainfall is profound for bdacre cropping and grazing activities
due to their sole reliance on natural rainfall &mil moisture. Moreover, even when
rainfall is sufficient, extensive broadacre crogprequires deployment of machinery to
be economically viable. As a result, productiontsys employed by broadacre
farmers vary across geographical areas dependinglioratic and topographical
conditions of the land surface.
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Production systems with typical product mixes hbeen formed within geographical
areas having similar climatic and topographical ditons. These conditions vary
significantly from north to south and from coagtakcentral areas of the continent. The
northern parts of the country have a summer-dontimaimfall climate, while the
southern parts have a winter-dominant rainfall elien Rainfall, one of the most
important determining physical factors in broadgmeduction, decreases significantly
from coastal to central areas. In Australia, typbyaadacre production operations have
been adopted within the same rainfall belt formedaastal-inland direction across six
states. Three broadacre production zones haveiteetified by ABARE according to
their rainfall conditions and the types of broa@agroduction regimes adopted. These
broadacre zones are the Pastoral zone, Wheat-Sloeepand High Rainfall zone, as
shown in Figure 1 (ABARE 2003).

4.2.2.1 Pastoral Zone

The Pastoral zone covers the majority of AustraliE@nd mass from central areas
outward. Due to this zone’s arid and semi-arid domas, the only economically
feasible production regime is extensive cattle loeep grazing on native pastures
(ABARE 2003). Farms within some regions of the Badtzone only carry out cattle

grazing on native pasture.

4.2.2.2 Wheat-Sheep Zone

Adjacent to the Pastoral zone is the Wheat-sheap tABARE 2003). A mixture of
wheat (and other coarse grains) and sheep prodretypically produced on farms in
this zone. This is because the Wheat-Sheep zataiacterised by higher rainfall than
the Pastoral zone, sufficient for grain productiamd flat topography that allows
specialised cropping machines to be profitablysdd. This broadacre zone contributes
the largest share of total broadacre productiogpitie a smaller land area compared to

the Pastoral zone.
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Figure 1: Australian Broadacre Agricultural Production Zones (ABARE 2003)

4.2.2.3 High Rainfall Zone

The third broadacre zone identified by ABARE is tHgh Rainfall zone (ABARE
2003). This broadacre zone comprises the easters@rth-western coastal seaboards,
parts of southern coastal seaboard and Tasmangz®he receives more rainfall than
either the Wheat-Sheep or Pastoral zones, witly fairmid weather conditions. Farms
in the High Rainfall zone are smaller than those¢h@ Wheat-Sheep zone. In some
regions in the High Rainfall zone, higher levelgaihfall and steeper topography limit
large-scale grain production but allow for econatlic feasible non-broadacre

cropping and intensive grazing activities.
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4.2.2.4 Broadacre Production Regions

A number of production regions are identified by ABE for each broadacre zone for
survey sample stratification. The three broadaoreg are comprised of 32 broadacre
production regions. Farms within each region rumilsr enterprise mixes. These
enterprise mixes can be roughly identified as bglop to one of five broadacre
production types defined by ABARE (2003). Farmst titreainly grow cereal grains,
coarse grains, oil seeds and/or pulses fall ineo‘tWheat and other crops’ category.
Farms that produce these crops and simultaneouslyeglivestock constitute the
‘mixed livestock-crops’ group. Farms that focus niyion sheep grazing only and on
beef grazing only are correspondingly classified ‘stseeep specialists’ and ‘beef
specialists’. Finally, farms that run both sheed bref grazing enterprises fall into the
‘mixed beef-sheep’ category.

4.2.3 Competitiveness of Broadacre Agriculture Makets

Australian broadacre farmers generally operate ompetitive input and output

markets. Being supported by well-developed inforamatind transport infrastructures,
broadacre farmers can access input and output teaf&kiely quickly in response to

changes in market and weather conditions to opgirtlisir production objectives. The
majority of broadacre products are exported, whiléarge proportion of broadacre
production inputs are imported. However, Australiamadacre farmers are price
takers, being small suppliers and consumers inntieenational commodities markets.
The prices of Australian broadacre inputs and astpte, therefore, heavily influenced
by forces in international markets. As a results#alian broadacre farmers have little

or no power in influencing buying prices for protlan inputs or the selling prices of
their products.

In summary, Australian broadacre agriculture isvplent and diverse across the
continent. Broadacre farmers rely solely on natuaaifall for soil moisture required

for crop and livestock production. They typicallsoguce different broadacre products
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on their farms to best manage production risksuditide their production resources. In
general, broadacre farming is spread across thresdacre zones characterised by
significantly different climatic and topographicrmbtions. Farmers in a broadacre zone
typically produce a similar mix of broadacre ougpuBroadacre farms are dominated
by family-run businesses, having little or no imfhce over their input and output

prices.

4.3 The Australian Agricultural and Grazing Industries Survey Data

A unique, pooled cross-sectional dataset of Austmalbroadacre agricultural
production is used for estimation in this studyisTHataset covers broadacre farms
across the three broadacre zones in Australia thxeeperiod from 1990 to 2005. This
period is much more current than previous studiesustralian broadacre agricultural
production. This dataset also has a quasi-microreamaking it crucially different to
datasets typically used in previous applicationagncultural production in Australia
and overseas. The quasi-micro nature of the dddavalthe formation of a large,
pooled cross-sectional dataset, enhancing thestitati significance of the model
estimation.

4.3.1 The Formation of the Quasi-Micro Farm Data

The pooled cross-sectional quasi-micro data argigied by ABARE and are drawn

from the AAGIS. The AAGIS survey collects detailadnual information on input

costs, output receipts and quantities, as wellaaseg and quantities of invested capital
of farm businesses across Australia that have amasd annual farming value of

$22,500 or more. This survey data underlies the udig®roadacre farming data

published by ABARE on its official website for reseh and monitoring purposes. The
list and definition of variables included in theginal dataset is presented in Appendix
A.
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The quasi-micro data was provided by ABARE throwgpecific request and is
uniquely formatted for this study. Farm-level data more desirable but not available
due to confidentiality constraints enforced by ABARTherefore, the data are
formatted so that the confidentiality of individdarms is maintained while the number
of data points available to the study is maximisEuds effectively retains the micro-
level nature of the data as much as possible. Miaing a micro-level nature while
maximising sample size is achieved by dividingfatms surveyed in a particular year
into small homogeneous groups and then computieg Hverage data. The average
data of a group (interchangeably data cell, farth @eobservational unit) is made

available for this study if the group has at |das farms.

In the final outcome of the investigation of theajdarms in each surveyed year are
assigned into data cells using three criteria. &hesteria are production region,
broadacre industry and production size. For eaaleguyear, farms in the same
production region, same broadacre industry andnigatyie same production size form a
data cell:

1. Farms are initially assigned to data cells basethemproduction region they are
situated in. Farms in the same production regiengaouped together. For the
whole data sample, there are thirty-two broadaegions across the three
broadacre zones.

2. Farms in the same region are then categorised@fDg or Livestock farms,
based on the relative share of revenue they redeive these two activities.
These two broader broadacre industry categoriefoareed here instead of the
five categories (i.e. Wheat and other crops, Mitee@stock—crops, Sheep
specialist, Beef specialist, and Mixed beef-sheepilitionally defined by
ABARE. This is due to the fact that when the fiveditional industry categories
are used, too many data cells with less than @wenfmembers would occur in
the final sample. The average data of these urmersilata cells cannot be

released by ABARE and the number of data cellhenfinal sample available
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for estimation is substantially reduced. By clagsi farms into cropping and
grazing industry categories, a larger sample iséat.

3. The final criterion used to form farm data cellghe individual farm size. In
this last step, farms in the same industry and ganoduction region are divided
into three categories, based on their sizes ofabiper. The size of a farm is
determined by the level of total cash revenuegdtived during the surveyed
year. Farms are classified as large if total anneipts are at least $400,000,
medium if annual receipts are between $200,000 $480D,000 and small if

annual receipts are $200,000 or less.

For each farm cell formed using the categories ritest above, average data are
calculated for each of sixteen years from 19900@52 Allowing for the withholding of
data due to confidentiality constraints and the l&porting commencement for some
regions, a sample of 1559 data points was proviakdting up the original quasi-micro
dataset. Since this study estimates multi-produmtiycction technologies employed by
Australian broadacre farmers, observations in tiggral AAGIS quasi-micro data that
appears to be of single-product farms are remongd the sample used for estimation
in this study. These single-output observationsHasen identified through consulting
experienced researchers in the broadacre agriabpuoduction as well as examining
the mixture of outputs produced by farms observethe data. The final data sample
used in this study consists of 1,343 observatigmeagl over 22 broadacre regions of
the three broadacre zones. By operational sizeg i@ 455 large farms, 411 medium
farms and 477 small farms. Taking an industry-wpeespective, the sample is made
up of 619 observations in the cropping industry @24 in the livestock industry. Since
the identification of a broadacre region impliebraadacre zone, the observations in
the sample can also be identified by broadacre .zdie sample contains 833
observations in the Wheat-Sheep zone, 309 in thgh HRainfall zone and 201
observations in the Pastoral zone.
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4.3.2 Selective Statistics of the Quasi-Micro Farata

Some selective statistics calculated from the AAG#E are presented in Tables 2, 3
and 4. These tables display the average costseaegts of important broadacre inputs
and outputs in different production zones, indestrand sizes. The tables show
potential differentiation of production technologiey broadacre farmers across
broadacre zones, broadacre industries and operatales. For instance, Table 2
indicates significant differences in patterns ofnfeng costs and revenues across
production zones. Farms in the Pastoral zone péyglaer proportion of the total

production costs for freighting and hiring laboban those in the Wheat-Sheep and
High Rainfall zones. Almost 82 per cent of totalnfarevenue in the Pastoral zone is
generated from livestock grazing activities andd5der cent from beef-cattle alone. In
contrast, farms in the Wheat-Sheep zone earn rguglal amounts from cropping,

beef cattle grazing and combined sheep and woaugtmn. Meanwhile, broadacre

farms in the High Rainfall zone rely as heavily gnrazing activities, albeit more on

sheep grazing, as those in the Pastoral zone. Tagss receive 73.4 per cent of the

total revenue from sheep, beef and wool produdtigether.

The cost and revenue compositions differ markeddywben Cropping farms and
Livestock grazing farms. As shown in Table 3, there large differences in cost shares
of contracts, fertilisers, crop and pasture chelwsjcand fuel, oil and grease between
Cropping and Livestock grazing farms. Cropping farmn average, also pay much
higher costs for fertilisers and crop and pastunendcals than Livestock farms.
Interestingly, only minor differences exist betwetiese two farm types in interest
payments and handling and marketing expenses. ©woutput side, Cropping farms
receive approximately 27.7 per cent of their to&alenue from sheep, beef and wool
combined, despite their focus on cropping actisiti@ contrast, on average Livestock

farms generate 84.5 per cent of their total revérama these three products.
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There are some distinctions in input and output masitions between farm operations
of different scales. The revenue share of whealymtion is positively associated with
farm size, increasing from around eleven per censmall farms to seventeen per cent
for large farms. The share of sheep and wool pribmlucin contrast, decreases
significantly from 34 per cent for small and medid@nms to around 22 per cent for
large farms. Interestingly, the share of beef potidu is smallest for medium farms.
On the input side, cost shares of interest paymamdiisfuel, oil and grease expenses
decrease as farm size increases although thesereosdin significant at all operational
scales. Hired labour cost makes up a larger sHa@ad cost for large farms than for

smaller farms.

Table 2: Average Values of Selected Inputs and Outys by Broadacre Zone

Pastoral zone Wheat-Sheep zone High Rainfall zohe
Costs& Costor Costs& Costor Costs & Cost or
receipts receipt receipts receipt receipts receipt
%) share %) share % share
Contracts for cropping 2,064 0.5%. 7,702 2.5% 25,2 2.0%
Contracts for livestock 5,764 1.4% 912 0.3% 901 0.3%
Fertilisers 3,588 0.8% 25,415 5.9% 22,063 3.3%
Crop and pasture
chemicals 3,096 0.9% 18,041 8.4% 8,510 8.6%
Fuel, oil and grease 24,581 6.0% 21,432 7.0% 13,908 5.4%
Interest 39,429 9.6% 27,431  9.0% 25,513 9.9%
Seed 1,324 0.3% 4,274 1.4% 3,174 1.2%
Handling and marketing 28,420 6.9% 20,350 6.7% 17,019 6.6%
Total freight 23,619 5.8% 13,619 4.5% 7,670 3.0%
Hired labour wages 31,092 7.6% 12,240 4.0% 13,581 5.3%
Wheat gross receipts 27,884 5.2% 91,848 23.4% 15,672 4.6%
Sheep gross receipts 28,208 5.3% 32,622 8.3% 41,219 12.0%
Beef cattle gross receipts  273,61251.4% 100,562 25.6% 134,728 39.3%
Wool gross receipts 125,364 23.5% 51,347 13.1% 75,218 22.0%

Note:” Values in 2004—05 dollars
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Table 3: Average Values of Selected Inputs and Outgs by Broadacre Industries

Cropping Livestock
Costs & Cost or Costs & Cost or
receipts ($) receipt share receipts ($) receipt share
Contracts for cropping 9,918 3.4% 5,18 1.0%
Contracts for livestock 479 0.2% 262 0.8%
Fertilisers 32,426 8.7% 11,930 1.1%
Crop and pasture chemicals 25,384 11.1% 3,547 3.7%
Fuel, oil and grease 24,995 8.5% 16,049 5.0%
Interest 27,165 9.3% 30,171 9.3%
Seed 5,332 1.8% 2,081 0.6%
Handling and marketing 20,478 7.0% 20,06 6.5%
Total freight 14,865 5.1% 12,791 4.0%
Hired labour wages 10,157 3.5% 19,827 .1%6
Wheat gross receipts 129,444 32.8% 9,434 2.3%
Sheep gross receipts 30,776 7.8% 36,644 9.0%
Beef cattle gross receipts 35,748 9.1% 8,&11 53.6%
Wool gross receipts 42,882 10.9% 89,321 21.9%

Note:” Values in 2004-05 dollars

Table 4: Average Values of Selected Inputs and Outis by Operational Sizé

Large farm Medium farm Small farm

Costor Costs& Costor Costs&  Costor

Costs & receipt receipts receipt receipts receipt

receipts ($) share (%) share (%) share

Contracts for cropping 12,711 2.0% 4,421 2.0% ,771 2.1%

Contracts for livestock 3,900 0.6% 816 0.4% 182 0.2%

Fertilisers 42,258 4.7% 16,704 4.2% 5,486 098.

Crop and pasture

chemicals 28,913 6.8% 9,505 7.5% 2,554 6.4

Fuel, oil and grease 36,538 5.9% 17,076 7.6% 7,229 8.4%
Interest 54,304 8.7% 23,513 10.5% 8,986 %0.5
Seed 6,670 1.1% 2,884 1.3% 1,231 1.49

Handling and marketing 39,452 6.4% 17,558 %/.8 5,777 6.7%
Total freight 29,721 4.8% 8,949 4.0% 2,643 93.1

Hired labour wages 36,474 5.9% 7,888 3.5% 1,685 2.0%
Wheat gross receipts 139,198 16.8% 44917 9%5.7 10,819 11.4%
Sheep gross receipts 60,640 7.3% 31,558 11.0%10,522 11.1%
Beef cattle gross receipts 304,009 36.7% 70,06624.5% 27,828 29.3%
Wool gross receipts 118,020 14.2% 66,308 23.2% 21,511 22.7%

Note:” Values in 2004—-05 dollars
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4.3.3 The Pooled Cross-Sectional Nature of the QsiaMicro Data

The AAGIS quasi-micro farm data initially appears @anel data, since farm cells
having the same identification are observed repgatacross years. By using

production region, broadacre farming industry apdrational size as criteria to assign
farms to data cells, farm data cells with the sateetifiers are formed for each of the
sixteen years from 1990 to 2005. Data cells aratified by the production region the

constituent farms are located in, by the broadamxtestry the constituent farms belong
to and by the scale the constituent farms opeiatin @&ach year, and for each of the
broadacre regions included in the sample, farmsallogated into six observational

cells according to their dominant outputs and tpeaduction size: (1) cropping farm,

large size, (2) cropping farm, medium size, (3)ppiag farm, small size, (4) livestock

farm, large size, (5) livestock farm, medium siaad (6) livestock farm, small size.

The formation of data cells with the same identsfiever time gives the data sample
the appearance of panel data. However, this itheotase, for the following reason.

In this study, the quasi-micro farm data providedmore appropriately treated as
pooled cross-sectional data. The motivation fos ikithat the number of farms in a
data cell is fairly small and varies significanfipm year to year. This significant
variation in the number of constituent farms inaanf cell from year to year has two
sources. The first cause of this variation is tharyto-year change in the farm sample
of AAGIS survey. A farm included in the previousays survey sample may not be
included in the current year’s survey sample. Coselg, a farm participating in the
survey in the current year may have not particghatethe survey in the previous year.
The second source of the variation in the sampla ofata cell is the variation in
individual farms’ output mixes and production vadu&he output mix on a farm can
change from year to year due to changing produdemisions and failures/successes
of different production activities. This means tlaafarm can move from one size to
another, since ABARE uses total revenue threshtolddassify farm size. Even when

that farm’s size does not change, the relativemegeshares of its outputs can change,
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resulting in a change of its industry classificatid\s a result, a particular farm can
move from one data cell to another through timegubh either a change in its size
classification or a change in its industry classifion. This means that the data
observed for a particular cell through time arelifferent constituent farms. Therefore,

the quasi-micro dataset fails to qualify as of palata type.

4.3.4 The Availability of Semi-Regional Data

In addition to the quasi-micro data, the origindd@S dataset provided by ABARE
contains average farm data at higher aggregatéslef&e explained in Section 4.3.1,
when quasi-micro data are formed, the assignmemérais to observational cells is
based on three criteria in a sequential order. Eaunveyed across Australia are first
divided into 32 production regions. Farms in eatthese production regions are then
split into two broadacre industry groups accordmgheir dominant product/enterprise.
Finally, farms within each of these broadacre imdes are divided into three
subgroups according to their production size. Ageralata of the two broadacre
industries before farms are further split into éhszes is also provided by ABARE.
This industry average data are essentially theiguaso data aggregated across farm

sizes.

Since the industry average data provided are @lehaggregate level than the quasi-
micro data, and has a sufficiently large numbeolzfervations, it is used in this study
to assess the impacts of aggregating data across fan estimation results. This is
achieved by comparing the estimation results usimg industry average data with
those obtained from the quasi-micro data. For e&seference, this industry average
data are termed as semi-regional data. The 'sepimr@’ term is to reflect the fact that
when this industry average data are aggregatedgstne two broadacre industries, the

regional average data as published on ABARE’s Agsabsite is obtained.
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In summary, a large, unique quasi-micro AAGIS dsdanple of Australian broadacre
agricultural production is used in this study. Tdeerage data of farms in the same
production region, in the same broadacre industdyleaving the same operation size is
obtained for each year over the 1990-2005 periath Wis data formation, the quasi-
micro data obtained describes more closely the-fau@al production decision-making
than most previous studies of Australian broadgm@duction. Input and output
compositions differ significantly for farms in d#ifent broadacre zones, industries and
operating scales. The quasi-micro nature also givesAAGIS dataset the feature of
pooled cross-sectional type. A semi-regional datasataining average data for the
two broadacre industries in each production reggaso available for estimation. This
semi-regional data are used to assess the extemhitdhh aggregation of data across

Australian broadacre farms affects the modellirsyits.

4.4 Aggregation Procedure

Aggregation of observed data items into a smallenler of aggregate inputs and
outputs is necessary since there are more thayg thput and output items included in
the original AAGIS dataset. This aggregation predesa prerequisite to estimation and
often a complicated step in empirical studies aficadtural production. During this
process, many significant empirical issues, esfigcthe unobservability of most
production inputs, the high frequency of missingaddue to the quasi-micro nature of
the data and treatment of inputs as being variablexed, need to be resolved. More
importantly, how individual inputs and outputs aggregated have consequential
implications for research findings and policy relage. To ensure the best aggregation
outcome, this process is carried out with a carefspection of data, an extensive
review of previous Australian and overseas studfesgricultural production, in-depth
consultation with experienced researchers in teadsacre agriculture sector and trials

of estimations of alternative models with differeets of aggregate variables.
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The issue of missing data in this study, due irt patthe quasi-micro nature of the
AAGIS dataset available, is different to most poen studies. Firstly, in this study the
problem of the unavailability of input prices iscemantered, which is inherent to
empirical research of agricultural production. Altlgh the AAGIS survey collects
detailed financial and operating data of broad&&ne businesses, the survey does not
have information on the prices of the majority obguction inputs in the dataset. The
national price indices published in ABARE Australi@ommodity Statistics (ABARE
2008) are used for input prices. More detail isvited below in the description of the
formation of the aggregate inputs. Secondly, oufpites are calculated from reported
total output receipts and output quantities. Dueth® reporting of individual crop
products and the small number of similar farmsanheobservational cell, many data
observations have zero quantities for some croputsit as farms do not always
produce all crops reported in the survey. The Statel averages of observed output
prices are used for farm cells with zero outputrgigas.

The aggregation of inputs and outputs involvesmaportant step in deciding whether
to treat an input as variable or fixed. This stemeécessary due to the fact that some
agricultural production factors are fixed duringmal production cycles. For instance,
farmers take approximately two and four years jastdabour and capital, respectively
(Agbola and Harrison 2005). In contrast, the questiof such inputs as fertilisers or

fuel can be adjusted almost instantaneously.

The decision to treat an input as variable or fixedtraightforward for most inputs.
However, there are two significantly complicatedes regarding interest payments
input and service cost of livestock capital. Regegdhe first case, interest payments
input is considered variable in most previous Aal&in and international duality
studies of agricultural production. For exampleteiast payments input has been
treated in the same way as “other variable mateaald services” in Ahammad and
Islam (2004), Fisher and Wall (1990) and Mckatyal. (1982). However, the majority

of the interest paid by farmers results from fixagbital acquisitions and is not related
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to short-run production decisions. Therefore, the pf total interest paid by farmers
that is linked to long-term capital decisions sldonibt be placed among variable inputs

and should be viewed as a fixed input.

It is noteworthy that total interest paid includesne interest payments related to short-
term production decision, such as those paid owesaroans. With the increasing
integration of financial funding and operational magement in farm businesses,
fostered by the expansion of rural conglomeratet &1 Elders and Wesfarmers into
financial and banking services, it has become @optd fund expenses incurred for
variable inputs, especially those related to cnogaictivities, through short-term loans.
In a way, the interest paid for these short-terranto can be considered as the
opportunity cost of funds tied up in the inputs ded. It would, therefore, be
appropriate to add interest paid for these loarthéee inputs’ original purchase costs

to fully account for the actual economic costsfrener has incurred.

Information on the amount of interest paid on sienn loans is not available in the

original AAGIS farm dataset. This component of et paid, therefore, must be

imputed. Interest paid is approximated as equath® crop-related expenses that
farmers paid multiplied by the prevailing nominadarest rate and divided by two. The
nominal interest rate of three-year fixed term d#goin retail banking is used for this

purpose. The monthly interest rates for this categbterm deposits are published on
the Reserve Bank of Australia website and are geer# generate the yearly rate. The
two-year moving average of this yearly interesé rsgries is the nominal interest rate
used for the calculation of short-term loan inter&ort-term loans are expected to be
less than a year in duration and interest paymamtthese loans are calculated for an

approximate six-month term.
A second issue worth noting in the discriminati@ivween variable inputs and fixed

inputs is the classification of the service cosliwdstock capital as a variable input. A

variable classification is used in this study desphe fact that livestock inputs,
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especially beef cattle, are often carried over fimme production cycle to the next. A
variable classification also contradicts the normnehatment of similar durable inputs,
such as buildings and machineries, as fixed inipusvAustralian studies such as
Fisher and Wall (1990) and McKagt al. (1982). This departure is purposefully
executed in order to recognise that farmers hawveeséreedom in increasing or
reducing stock numbers within a one year-time windMullen and Cox 1996) in

contrast to the much higher degree of fixity ofldmgs and machineries.

4.4.1 Construction of aggregate indices

After the missing data in the original AAGIS datlgee filled and inputs are classified
as variable or fixed inputs, aggregate price anantjty indices are constructed. The
price indices are directly calculated using thegsiand quantities of the component
inputs or outputs. The quantity indices are indiyederived by dividing the total
aggregate value of expenses/receipts by the camdsp constructed price indices.
The Fisher formula is chosen over Laspeyres, Paaschiorngvist in the construction
of price indices because of several desirable ptese(see Coelli, Prasada Rao,
O'Donnell and Battese 2005, Section 4). For a @ddr aggregate input/output, the
Fisher index is defined as the geometric meanet dspeyres and Paasche indices:

Pl =yPix P,
M M
> Prilms > Protlmt

where P; = Laspeyres index T=———, P; = Paasche index ™——
2 PrcClms 2 Pl
m=1 m=1

the s subscript denotes price and quantity at the baae yhet subscript denotes the
current time period in which the index number ikekated andM is the number of

component inputs/outputs of the aggregate inpysldut The computed Fisher price
index number measures the change in the priceecgigregate input/output from the

base periocs to periodt.
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In this study the AAGIS farm dataset is consideas@ cross-sectional dataset although
the observation period is spread over sixteen y8drsrefore, the construction of the
aggregate input and output price indices requitmsimg the base farm cell in addition
to choosing the base year. The choice of the mse &mong 1334 farm observations
reflects two important aspects. Firstly, from atuitive perspective, the base farm
should produce the largest number of broadacreutaitipcluded in the dataset. It
should represent the full basket of goods for whilsk aggregate index is to be
constructed. Secondly, from a mathematical perggedhe base farm should have the
least zero or missing prices and quantities. Bexthes base farm’s prices appear in the
denominator in the Paasche index formula and isgies appear in the denominator
of the Laspeyres index formula, their geometric mseahe Fisher index, can be
undefined if the base farm does not produce songuts) resulting in missing output
prices and zero output quantities. Most farms dopnoduce all nine individual crops
reported. After a careful inspection of the dakee 2003 observation of the Cropping
farm group of the Large size in the Wheat-Sheepe zor'Western Australia is selected

to be the base farm.

Once the index formula and the base farm observatie chosen, the next step is to
determine how many aggregate inputs and outputsf@med and what their
component inputs/outputs are. Because the aggoagadissibilities are numerous with
more than forty individual inputs and outputs ie (RAGIS farm dataset, aggregation
was carried out without formal testing for congsist@aggregations. The manner in
which they are aggregated is based on informatiailable in the original dataset,
previous empirical studies in Australian broada@®duction and international
agricultural production, and statistical and théoet reasonableness of estimated
models obtained from alternative aggregations. &mynearlier studies of Australian
broadacre production, inputs and outputs appeardxt tgenerally grouped into small
numbers of aggregate inputs and outputs becauee afmall data samples available.
For instance, in Ahammad and Islam (2004), Co&Bi9g), and McKayet al. (1983),

all materials and services were grouped under aygregate input. While this
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aggregation is necessary to conserve the degreekeeflom, the grouping of

production factors that are specific to differentegprises into one category implies
that some information on production flexibility lest. For this reason, this study
endeavours to leave inputs and outputs as disaage@s possible to best exploit the
large data sample available. As an example, Mudlad Cox (1996) estimated a
translog cost function in which variable inputs greuped into six aggregate inputs,
namely contracts, services, materials, labourstvek purchases, and use of livestock
capital. Unlike these authors, aggregation of vdeianputs in this study has been
performed so as to separate inputs into outputdfpegroups where possible. For

example, grouping inputs specific to cropping inte category and inputs specific to
livestock grazing into a separate category can ledplain the responsiveness of
farmers to these different and potentially compgetoroduction activities. Research
findings based on such a form of aggregation caistas detailed assessment of

possible economic impacts on different agricultimdlstries.

From a technical perspective, there is a degresepération between cropping and
livestock grazing in that they can be implementatependently of each other. At the
same time, they complement each other, helping desnto better utilise their

production resources, while competing against edlclr for limited resources such as
land or labour. From a data perspective, farm&iegnsample are identified as cropping
or livestock farms, based on their dominant revegererating activity. From these
two perspectives, it is possible and worthwhile seek out information on any

relationships between inputs and outputs specdicthese two broad production

activities/industries.

With this motive, it seems natural to separate i®@nd outputs into cropping and
livestock categories wherever possible. This fofmaggregation was carried out by
Moschini (1988) and is the form followed in thisidy. In addition, it is important in

social and economic policy development to undedstdwe demand for hired labour.

Therefore, the hired labour input has been seghrfaten other inputs in this study.
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Due to the complete dependence of livestock gragpegation on livestock inputs and
the long biological gestation required to produceng animals, the service cost of
livestock is kept separate from other inputs. Tike aggregate variable inputs below
were initially formed.

1. Contracts, services and materials for Livestock;
Contracts, services and materials for Cropping;
Other Contracts, services and materials;

Hired labour; and

o~ 0D

Service cost of livestock capital.

The results of the dual cost, revenue and profictions using these five aggregate
inputs are unsatisfactory, having low percentagesighificant price coefficients,
violating the regularity curvature conditions andcvimg unexpected own-price
elasticities. As a result, a new aggregation of vhaable inputs was sought. This
alternative aggregation, from which the aggregapeiis and outputs described below
were generated, produced statistically and thexalgti reasonable estimation results
considered superior to the results presented inymarmevious Australian and
international duality studies. This form of aggrega was therefore chosen for all

models estimated in this study.

4.4.2 Aggregate Outputs

The construction of quantity and price indices dggregate outputs is straightforward
since receipts and quantities of individual outparts in fact observed in the original
AAGIS dataset. The actual prices received by eachn fcell are derived by dividing

the observed receipts by the corresponding obsewantities. When quantity sold and
qguantity produced are both reported for a crop aiitipe latter was incorporated in the
aggregation to reflect the actual amount produ¢ed.value of total output produced is

estimated to be proportional to the gross recepptthe amount sold. Similarly, the
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number of animals turned off instead of the numbkmnimals sold was used in

constructing the aggregate indices of livestoclots.

Grains

Wheat is grouped with barley, oats, grain legunodseeds, canola, field peas, lupins
and sorghum to create the aggregate Grains ol@otiton and rice are excluded from
this study since they are produced using intengieguction technology and irrigated
water. This aggregation is the same as that in Ahasnand Islam (2004), Mullen and
Cox (1996) and McKat al. (1983) but differs from Coelli (1996), in which e#t,

oats and barley are grouped into an aggregate auntput and all other crops are

grouped with a beef cattle output.

The prices of the component outputs comprising dggregate Grains output are
derived by dividing observed gross receipts by tjties. The quantities and derived
prices are then used to construct the aggregatesGpaice index using the Fisher

formula.

Sheep

The sheep output, including lamb, reported in th®GAS dataset is unaltered. Its
selling price is equal to the gross receipts didithy the number of sheep sold. The
number of sheep sold is used because there isfaonation about the number of
sheep being transferred out or turned off as indéee of beef cattle. The derived
selling price is then used to construct the pmokek for this output. The quantity index

is implicitly derived by dividing the total recegpby the calculated price index number.

Beef

This aggregate output consists of Beef and “Othastock” outputs. The value of

“Other livestock sold” is generally marginal comgedrto that of Beef. The received
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beef price equals the gross receipt from beef dividy quantity of beef sold. This
derived price is multiplied by the number of begined off to generate the total value
of beef cattle produced. This total value, not theorded total receipts, is used to
derive the implicit quantity index. Meanwhile, thedex of prices received for the
livestock sector published by ABARE (ABARE, 2005)used as the price of “Other
livestock sold”.

Wool

Wool is kept as a stand-alone output. Similar ®oBleef output, the total value of wool
produced, instead of the gross receipt of wool ,s@dused to derive its implicit
guantity index. This total value is calculated gaa to the actual wool price received
multiplied by quantity of wool produced. The actpaice received is calculated as the
gross wool receipt divided by the quantity of weold.

4.4.3 Variable Inputs

More than thirty input items are aggregated intee faggregate variable inputs. As
previously explained, input prices are not observethe original AAGIS dataset and
are substituted by the ABARE national indices otgs paid in ABARE (2005). Input
guantities are then calculated using these pridie@s and the observed total costs. The
derived quantities and the price indices are thegduo construct the five aggregate

price indices.

Contracts, Services and Materials for Livestock

Production inputs aggregated into the aggregatdar&ain, services and materials for
livestock (CSM Livestock) input are fodder, livesitomaterials, livestock purchases,
contracts for livestock, Al stud, herd test, veede agistment expense, stores and

rations, and shearing and crutching. The ABAREamati price indices selected for
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these inputs are: fodder and feedstuffs, chemieald medicines, contracts, and
shearing rates. The quantities of the componenitnare calculated as their individual
costs divided by the corresponding national pricdides. These calculated quantities
and national price indices are used to construetpitice and quantity indices of the

aggregate CSM Livestock input.

There is a need to fully account for the livestdblat are actually brought into
production on each farm during each surveyed y€&his is done by summing the
livestock purchased by the farm, the livestock4famed onto the farm, and the farm’s
negative operating gains; an imputed value repobedABARE as the balance to
reconcile the animal stock at the start and ateth@ of each surveyed year after all
animal trading movements have been accounted fman@ies and values of livestock
purchases and inward transfers are observed so &lctial purchase prices are
observed. For the operating gains, however, ordywtiue is observed. Therefore, the
guantity of the operating gains is calculated asaétp its imputed value divided by the

livestock price received, as in Alexander and Kdkig05).

Fertilisers and Crop and Pasture Chemicals

Endowed with low fertile soil, broadacre farms insiralia generally operate at large
scales with high usage of chemical inputs. Thismgjrreliance on chemical inputs
justifies grouping fertilisers and crop and pastdnemicals into a separate aggregate
input. The aggregate Fertilisers, crop and pasthesnicals (FC) input consists of two
separately reported inputs: fertilisers, and cnogh pasture chemicals. These two inputs
account for a significant share of the total praaurccost, regardless of geographical
locations, production focuses and operational sizesy also share the characteristic
of being manufactured inputs. The constructiorhefgrice and quantity indices for the
aggregate FC input is similar to that for the aggte CSM Livestock input. The
ABARE producer-paid national price indices for iiesers and chemicals in ABARE

(2005) are used as the prices of the componentsnpu
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Other Contracts, Services and Materials

The aggregate Other contracts, services and maté@¢her CSM) input encompasses
the remaining variable inputs except for fuel,aild grease. They are seeds, seedlings
and plants, electricity, repairs and maintenancéuwldings and structures, contracts
for cropping, repairs of machinery and plant, hargdland marketing, freight, rates and
drain water, insurance, land rent, lease, telephaceountancy fee, advisory services
fee, other administrative expenses, other matexipénses and other service expenses.
The ABARE producer-paid price indices used are éhios electricity, maintenance -
structure, maintenance - plant and equipmentnge#ikpenses, freight outwards, rates

and taxes, insurance, other overheads, and otheriais and services.

Fuel, Oil and Grease

This single input item in the original AAGIS datasecounts for a significant share of
total production cost for farms across broadacreegp production industries and
production sizes. It is, therefore, consideredraaggregate input on its own right. The
ABARE producer-paid price index of fuel and lubntsis used as the actual price of

this input in the construction of the Fisher priicdex.

Livestock Trading

The last aggregate variable input is the servicgt ob livestock capital — briefly

referred to as the Livestock trading input. Thipraach follows the Australian study
by Mullen and Cox (1996). Livestock can be though&s a capital item because only
part of the total stock held at the beginning afregear will be consumed during that
year. In normal operation only animals that havecihed their final production stage
are turned off and all others are carried overh® next production cycle. Farmers,

however, can adjust the level of livestock heldhwta fairly short time period in
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response to market and weather conditions. Inlag, the livestock input has the
nature of a variable input.

The value of Livestock trading input is calculatesl equal to the opening balance of
livestock multiplied by the nominal interest rateusced from the Reserve Bank of
Australia, as previously described above in theudision about interest payments. The
data on the opening balance of livestock on holibisavailable in the original dataset
and, therefore, has to be derived using other @ailinformation. In this study, this
opening balance is calculated as the estimated aurob livestock held at the
beginning of year multiplied by the average of $teek purchasing and selling prices.
The opening number of livestock is estimated astimaber of livestock at the end of
the year, plus the number of livestock turned wfinus the total number of livestock
purchased and transferred in minus the estimatadbeu of livestock negative

operating gains.

4.4.4 Fixed Inputs

Total Fixed Capital

The physical units of capital used in farm prodoctare incorporated as fixed inputs in
the models estimated in this study. This is becaussually takes more than one
production cycle for farmers to adjust the amouwftsand, building and other fixed
improvements as well as plant and machinery. Tfenmtion needed is the opening
balances of these capital items. However, the opebalances of the capital items are
not included in the original dataset and have toirbputed using other available

information such as demonstrated in the followioigrfula:

Opening balance = Closing balance + Depreciatidwtet capital additions - Total
imputed capital appreciation.
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Ideally, the capital items should be accounted deparately as individual items
because of differences in how they are utilisefanming and the rate at which they
depreciate. Since there is no data on depreciationdividual capital items, it is not
possible to categorise capital into two fixed aggte inputs of (a) Land, building and
fixed improvements and (b) Plant and machinerynasglullen and Cox (1996), Fisher
and Wall (1990) and Coelli (1996). Therefore, omgragate fixed capital input is
created by adding land, buildings and other fixetprovements, and plant and
machinery inputs together. Since the closing baaoic plant and machinery is not

reported throughout the study period, the followimgutation is used:

Opening balance of total capital = Farm equity idgsbalance/Equity ratio*100 +
Depreciation - Net capital additions - Total impliapital appreciation - Calculated

opening livestock capital.

The service cost of the capital is then estimatedhss imputed opening balance
multiplied by the real interest rate and added @eption costs. The resulting service
cost of capital and the published ABARE price indexcapital in ABARE (2005) are
used afterwards to generate the price index andintipdicit quantity index of the

aggregate fixed capital using the Fisher formula.

Fixed Labour

The quantity and price indices of the operator'sl &mily’s labour are calculated
using the total worked weeks reported in the AAG#aset, adjusted for the estimated
number of weeks worked by hired labour. Assumirgg thred labour and fixed labour
receive the same wage rate, the number of weekkeddsy the operator and his/her
family equals the imputed fixed labour cost mulegdl by the total number of weeks
worked by all labour and divided by the sum of ingolfixed labour cost and hired
labour cost. This estimated number of weeks woikethen used with the imputed

fixed labour cost to derive the price of fixed laboThis derived price and the
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estimated number of weeks worked by operator asthén family are then used to
construct the Fisher price and implicit quantitglices of Fixed labour.

4.5 Other Data Sources

Since rainfall a plays crucial role in Australiaroadacre agriculture, models of this
sector should incorporate rainfall information. §imformation is not available in the
ABARE farm data and so is sourced from the AusiralBureau of Meteorology
(BoM). The BoM rainfall data obtained is monthlyinfall for 115 rainfall districts
defined by BoM over the period from 1890 to 2006KB2007). To make this rainfall
data complementary to the AAGIS farm data, thefadlidistricts are matched with the
thirty-two broadacre regions identified by ABAREnNn€& the rainfall districts of a
broadacre region are identified, the region’s ahcakendar-year rainfall is calculated
as the average of the component districts’ annamifall. This annual rainfall is
incorporated, transformed or untransformed, as a&ongenous variable in the
econometric models estimated in this study. Avefagecial-year rainfall and the pair
of average January-to-June rainfall and averagetdtiDecember rainfall (as in Fisher
and Wall 1990), are also created. Estimation ressiiggest that the financial-year
rainfall variable does not discernibly improve thmdel’s results compared to the
calendar-year rainfall variable. Also, based on phégement that the production
response to the timing of rain is not a primaryu®of this study and to conserve the
degrees of freedom, the annual rainfall variablehissen over the pair of the two half-
year rainfall variables. The calendar-year rainf@tiable is therefore chosen for this
study.

4.6 Summary

This chapter sets out the empirical context of tihissis. Broadacre agricultural
production is carried out in diverse climatic arfiygical conditions across Australia.

Broadacre farming relies on natural rainfall for terainput. Broadacre farmers
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Chapter 4 Australian Broadacre Agriculture and faa

typically produce multiple products for risk managt and resource utilisation. They
implement typical production regimes within eachlod three broadacre zones, which

are comprised of more than thirty production region

In its second objective, this chapter describeslatail the unique large quasi-micro
AAGIS farm data used for estimation in this studwhis quasi-micro data hold
information on broadacre farming production acrésstralia from 1990 to 2005. The
farm-level production decision is better preserwedhis AAGIS quasi-micro data
compared to most previous Australian studies ofatbagre agricultural production.
Aggregate data at a semi-regional level is alsalawa for estimation, which is for

assessing the aggregation issue in duality apmitat
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Chapter 5

Estimating Restricted Multi-Product
Cost Functions for Australian Broadacre
Production

5.1 Introduction

In this chapter, restricted multi-product cost fiimies are specified and estimated using
the AAGIS quasi-micro data described in Chaptekgidiscussed in Chapter 3, in this
model formulation of production decision-makingpadacre farmers are assumed to
take output levels as given and adjust input levelsose prices are exogenously
determined, to minimise production cost. The deatricted cost function is specified
with four aggregate outputs, five aggregate vaeahputs and two aggregate fixed
inputs as described at the end of Chapter 4. Batislog and normalised quadratic
functional forms are used for the specificationho$ dual function. For each functional
form, output-constrained cost-minimising input dewhdunctions are derived and net
price elasticities for input demand and elastisiteé input substitution are calculated
after model estimation. The estimation results #rel elasticity estimates obtained

from the two functional forms are then compared @otrasted.

This chapter is organised into six sections. SecEi® commences with the general
specification of the dual restricted translog mphbduct cost function and the
empirical implementation of estimating this funetifor Australian broadacre farming

using the AAGIS quasi-micro data. The general dwation component encompasses
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Chapter 5 Multi-product Cost Functions

a mathematical expression of the translog multdpob cost function, a description and
discussion of parametric restrictions for the tledoal regularity conditions, a
derivation of net price elasticities and elastastiof substitution between inputs and a
formation of the system of equations for the ecoatim model consistent with a
translog cost function. The empirical implementatcomponent covers all steps in
estimating the econometric model derived from thadlog cost function when applied
to the set of four outputs, five variable inputsdamwo fixed inputs of Australian
broadacre production. The chapter continues wittti@® 5.3, which deals with the
general specification and empirical estimation leé testricted normalised quadratic
multi-product cost function for Australian broadacagriculture. This section is
organised in the same manner as Section 5.2. 8égtois solely devoted to the issue
of heteroskedasticity encountered throughout thudysdue to a unique feature of the
guasi-micro data used for model estimation. Itudels an explanation of the potential
heteroskedasticity and actions taken to mitigate gnoblem for both translog and
normalised quadratic functional forms. In Sectiah, empirical results for the two
models derived from the translog and normalisedicaiec cost functions are presented
and described. In this section, estimates of nee@nd substitution elasticities of input
demands obtained from these two functional forresadso presented. A discussion and
comparison of the two sets of results from the fwactional forms constitute Section
5.6. The chapter then concludes with summariegamdrks.

5.2 Specification of a Restricted Translog Multi-poduct Cost
Function

In this section, the theoretical framework for mitidg production technology via

specifying a restricted translog multi-product cfustction is described. Following the
theoretical framework is a detailed account of ¢ékenometric model. The estimation
of the econometric model for Australian broadacgeicalture, with a set of four

aggregate outputs, five aggregate variable inpots tavo aggregate fixed inputs as
described in Chapter 4, is finally described.
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5.2.1 The Translog Multi-Product Cost Function

The restricted translog multi-product cost functadrihe technology producing outputs

Y=[¥ %...%)] using variable inputsX =[x, %, .., %] can be represented as

follows:
INC(W, Y, Z 'I)=cro+zn:0/i In w+Zm:ﬁK In y+ZV:/1g In g+%iiau In wn w
i=1 k=1 g=1 i=1 j=1
+%Zz,ﬁk, Iny, Iny, +}/222/1ghln z,In z+> >3, In win y+> >y in wn ¢
k=1 I=1 g=1h=1 i=1 k=1 i=1g=1

+izv:¢kg Iny,In z(_3,+zn“,otiTan!I +i¢ngIn Y +Zzpth|n 7,+6, T+%5tt T
k=1 g=1

k=1 g=1 i=1

where W =[w, w,...\] is the input price vector and =[z, 3,...7] is a vector of

fixed inputs and other non-price, non-quantity exugus variables that can affect the
production and T is a technological index. Costgand quantity variableS, W, Y,

X andZ are non-negative.

5.2.2 Regularity Conditions

As discussed in Chapter 3, the translog cost fanctiefined above alone is not
sufficient to describe a producer's decision-makprgcess. The set of regularity
conditions for this cost function can be translatetb equality and non-equality
restrictions on the derivatives of the cost functié-or this cost function, the cost
function is monotonic (see Condition C.2 in Chaf3gif the first partial derivatives of
the cost function with respect to prices (in thegarithmic forms)

dlNC(W,Y, Z T)
olnw

=a +Z;a” Inw +kZ;cﬁ( Iny +Zlyig Inz +p T
j= = 9=

are positive (Sickles and Streitwieser 1998; Gaagme Ouellette 1998 and Binswanger
1974b).
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Whether the regularity condition of concavity (Cdiwh C.3) is satisfied is related to

the matrix A~C+c'c, where A=[a; | , ¢ is annxn diagonal matrix with its

nxn
diagonal elements being the input cost sharesCaisda vector of input cost shares. If
this matrix is negative semi-definite at each ob&ton point, the concavity condition
is met (Diewert and Wales 1987). In contrast to thenotonicity and concavity
conditions, the condition of linear homogeneity prices (Condition C.4) and the
condition of symmetry (the extra condition of twicentinuous differentiability) have

global implications for the cost function’s paraerst The former requires that
zai =1, andzaij :Zq-k :Zyig :Zloti =0,
i=1 i=1 i=1 i=1 i=1

and the latter requires; =a; 4, =4 andA, =A,,.

5.2.3 The Output-Constrained Input Demands

When the translog cost function specified abovesfas all the regularity conditions,
applying Shephard’s lemma, obtaining (3.4), andG@hain Rule leads to a system of

output-constrained input demand cost share equadisifiollows:

INCW,Y,ZT)_0GWYZT] w =
alnw ow CW, Y, 27

c=a+y.aw+>ainy+> yinz+4T
j=1 k=1 g=1

wherei = 1,2,..n and c denotes the share ath variable input in the total variable
cost. This means the monotonicity condition of ttwst function implies that the
derived cost-minimising shares, i = 1,2,..n, are positive. Besides, the parametric

restrictions for the homogeneity and the symmetmyddtions of the cost function are
the same as the restrictions required for the @ddm condition, a condition results

from the fact that cost shares sum to unity at eddervation (Halvorsen 1977).
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5.2.4 The Net Price and Substitution Elasticitiesf Input Demands

The net price and substitution elasticities for ¢bet function case are defined as (3.5)
and (3.6) in Section 3.3. Applying these definifoto the translog cost function

specified above, the net own-price elasticity ofmdad for inputi (77,) and the net
cross-price elasticity of demand for inpuwith respect to price of inpuj (7, ) have

a, g
the following expressionsy, :?” +c, and :%+q -1 (McKay et al. 1980 and

Binswanger 1974a). Regarding the elasticities @uinsubstitution, the net Allen

a.

partial measureo; is expressed asg; =—-+1, i#] (McKay et al,. 1980 and
]

Binswanger 1974a). The net Morishima elasticity sofbstitution J”.M is derived

straightforwardly through the relationsh'tmjM =1}, —17; as established in Subsection

3.3.3.

It can be shown from the expression of the net pvite elasticities that the own-price

parametera; does not need to be negative in order for the priae elasticitys, to

be negative as expected by economic theory. Theualy 7, :%+q -1<0 is

equivalent tos, =

A L . . . .
M<O, which in turns is equivalent to the inequality
o

a; +¢* —¢ <0. Rearranging the left hand side of the last exgioeswe have the

corresponding inequality:

C—5 +aii__<oor
2 4

1 1)
a <Z—(q ‘Ej . (5.1)
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. . 1 1) 1 L
At the same time, sinc®<c <1 we always have—§< o 5 <—2, which implies

2
that % >%—[q ——;j >0. These last inequalities together with result \&riply that
the own-price parametesr; can be positive but, as a necessary conditiont imes
smaller than%, in order to satisfy the rational economic expatathat the own-price

elasticity 77, is negative. This result has been supported byirfgs in Sickles and

Streitwieser (1998), Halvorsen and Smith (1986),Kislg et al. (1980) and Kako
(2978), in which some estimates of the own-priceupeters are found to be positive
but smaller than 0.25. The own-price demand eitis8c obtained for the
corresponding inputs are negative, as expectedatanal economic behaviour. The
derived necessary condition above also implies eén&tbrcing the curvature condition

via parametrically imposing the price matrix= [a”. ]nxn to be negative semi-definite,

which requiresa; to be nonnegative, such as in Jorgenson and Frafr@81) is too

restrictive.

5.2.5 Empirical Implementation

Empirical studies specifying translog cost functi@monventionally estimate the system
of the derived cost share functions. When the ediom is carried out, error terms are
first added to these system equations. These error terms are assumsel ltnearly
additive to the share equations and normally disteéd with mean zero and nonzero
constant contemporaneous variance-covariance ma8Birce the left-hand side
variables of the equations in the system beingneséid are cost shares that always add
up to unity, the errors of the system share equstsum up to zero at all data points.
The system is, therefore, singular and cannot bma&®d. To overcome this problem,

one share equation is dropped from the systemlangystem of the remaining share

equations is estimated. The estimates of this rystes of(n—l) share equations are
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then used to calculate the parameters of the ddoplp@re equation using the adding-up
condition. Barten (1969) proves that when using Bl Information Maximum

Likelihood (FIML) method for system estimation, testimates of this new system of

(n-1) share equations are invariant to the equationtetél@herefore, the choice of

share equation to be deleted from the originalvéérishare system does not have any
consequences on the estimation results and onldkicgy estimates when FIML is
used for estimation.

Two regularity conditions are imposed during thenestion of the derived cost share
system. As shown in Section 5.2.2, the linear ha@medy and symmetry conditions
can be enforced on the cost function using regirniston the parameters of the derived
share system. It is, however, not possible to irapb® monotonicity and concavity
conditions on the translog cost function. These twaditions can only be checked
locally after the estimation. The monotonicity cdiwh is met if the predicted shares of
the input costs are positive for the whole datapamThe concavity condition is
satisfied if the estimated\—C+ c' ¢ matrix, as defined in Section 5.2.2, is negative
semi-definite. There have been attempts (for exardptgenson and Fraumeni 1981) to

impose the global concavity condition on the tragstost function by restricting the

price coefficient matrix[aij} to be negative semi-definite. Section 5.2.4, hawev
shows thata; s can be positive without sacrificing the negayivif the own-price
elasticities of input demand, which implies tha¢ girice coefficient matri{aij] needs

not to be negative semi-definite. Moreover, it hasn acknowledged in Terrell (1996),
Diewert and Wales (1987), Gagne and Ouellette (1888 Gagne and Nappi (2000)

that the imposition of negative semi-definiteneastloe matrix[aij] is stronger than

required by the concavity condition and can desttwy flexibility of the functional

form through imposing priori restrictions on own- and cross-price elasticities.
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In specifying the restricted translog multi-producdst function for Australian
broadacre production, the restricted (variable} eoslefined as the sum of expenses
spent on variable inputs. The cost shares of viarimputs are calculated as expenses
divided by total variable cost. As described atehd of Chapter 4, the restricted cost
function has five aggregate variable inputs, faygragate outputs and two fixed input
quantities. The five variable inputs =[x, X, ..., x] are: (1) Contracts, services and
materials for livestock, (2) Fertilisers and cheasc (3) Other contracts, services and
materials, (4) Fuel, oil and grease and (5) Livestdrading. The four outputs
Y =¥, ¥%....y are: (1) Grains, (2) Sheep, (3) Beef and (4) Wdbie two fixed

inputs z, and z, are Total capital and Fixed labour.

The translog cost function defined for Australialmdzlacre agriculture also includes

six other non-economic exogenous variables, whrehgaouped with fixed inputs in

Z=[z, 2,...3]. Among these exogenous variables are qualitativanay variables

accounting for possible effects of agro-climatimditions (two zone dummies), of
enterprise focuses (one industry dummy) and of ywtidn scales (two size dummies)
on production technologies employed by broadacredes across Australia. Beside
these qualitative variables, an annual rainfalialde, created from the monthly rainfall
data by rainfall-districts provided by the Bureafi Meteorology (BoM 2007), is

included since Australian broadacre agricultureedels on natural rainfall for soll

moisture.

Five cost share equations are derived from theslimgncost function for the variable
inputs:

5 4 8
G=a+>ainw+>qny+>yinz+g T i=12.,5

j=1 k=1 g=1

After the parametric restrictions for the homoggneind symmetry conditions are

imposed and the share equation of the Livestodkintgainput is arbitrarily deleted
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from the system, a cost share system with 70 aoefiis is estimated using the AAGIS
quasi-micro data sample

For the translog functional form, an empirical gesb encountered in this study is the
presence of zeros in a significant number of olzerus for some output quantities.
This is due to the quasi-micro nature of the datahe original AAGIS data, some

farms do not produce certain broadacre crops regpofespite the fact that all crop
outputs are aggregated into a single aggregateuputpe resulting aggregate Grains
quantity is zero for a significant number of thesetvations. The logarithmic Grains
qguantity appearing on the right hand-side of slegeations is not defined for these
observations. This also happens to some Sheeptaltparvations. To overcome this
issue, all observations for all output quantities mcreased by one. The addition of
one unit to quantity levels does not significandifect non-zero quantities since

outputs are normally produced in large quantitie$aoms.

After the share system is estimated using FIML,yatesn-wide McElroy R? is
calculated to assess explanatory power (see Appé&hftir the steps in computing this
system-wide R?). This goodness-of-fit measure is more meaningfah the R*> or
adjustedR? popularly computed for individual equations. Thmefficient estimates
and fitted shares are then used to assess whdtbemonotonicity and concavity
conditions are met and to calculate the net priastieities of demands, Allen partial
elasticities of substitution and Morishima elasiés of substitution. Since these
elasticities are nonlinear functions of the systgmnameter estimates, their standard
errors are estimated using a bootstrapping mettsoth sstudies by Marsh (2005),
Sharma (2002), Eakin, McMillen and Buono (1990)e&r, Hahn and Rocke (1987),
Krinsky and Robb (1986), Freedman and Peters (188d)Gallant and Golub (1984).
The bootstrapping procedure is described in detalppendix C.

% When the cost function is included, the derivedatipn system cannot be estimated using the AAGIS

guasi-micro data. The cost share system is, thereéstimated without the cost function.
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5.3 Specification of a Restricted Normalised Quadtic Multi-Product
Cost Function

This section describes the general framework angirezal estimation of production
technology when the dual restricted multi-produastdunction is specified using the

normalised quadratic functional form.

5.3.1 The Normalised Quadratic Cost Function

Define C'(W",Y, Z T) andW'=[wW,, W,,...w,_,] as the total variable cost and variable

input prices normalised by thath variable input price. Normalised prices’,

i =1,2,.n- 1, are obtained asv' =ﬂ, whereW =[V\L V\QV\(] are variable input
W

n

prices defined in Section 5.2. The restricted muitiduct cost function in normalised
guadratic form has the following specification:
1l nl

CW:Y.ZD=ay e 3 a we 2 A v DA, g 320 W e 3533

i=1 j=1

\% \ -1 m nrl v m \% Al
+%22Aghzgzh+zza_ikwi X"'Zzyig w; {]+Zz¢kg Y E"‘an w T
9=l h=1 =1 k=1 =1 g=1 kelgm1 =1
+ZQkykT+ wthgT+6tT+%9ttT2'
k=1 g=1

where all variables besidg'(W",Y, Z T) andW'=[w,, W,,...w,_;| are defined as in

Section 5.2.

5.3.2 Regularity Conditions

The implications of the regularity conditions ore tlual restricted multi-product cost

function are more straightforward for the normalisguadratic form than for the
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translog. The condition of monotonicity in priceSofidition C.2) requires the first

partial derivatives of the normalised cost functwith respect to normalised input

OC'(VV,Y, Z T):a +n
W' [

-1 m \
prices Daw > At K7zt T i=12.n-1
j=1 k=1 g=1

to be positive. This condition places no restricsioon the parameters of the cost

function. The global concavity (Condition C.3) ré@gs the price coefficient matrix

[a--] to be negative semi-definite. The cost functiorthis functional form
Y J(n-1)x(n-1)

automatically satisfies the condition of homogeneit prices (Condition C.4) due to

the normalisation process. Finally, the symmetryndition requires a; =a;

(I,i=12,.n=9, By =B (k,1=12,.m)andA, =4, (g,h=12,.v).

5.3.3 The Output-Constrained Input Demands

When the restricted normalised quadratic cost fancspecified above satisfies the
regularity conditions, the output-constrained aosgtimising demand equations of
variable inputs are derived by applying Shephdetiama as follows:

L <OCW.Y.ZT) _dC(WYZT_
ow ow'

n-1 m \
aEY aGWi Y AN+ %A T,
j=1 k=1 g=1

i=212,.n-1
The demand equation for tinemeraire input n, can be derived as the first derivative

of the un-normalised cost function with respectthe numeraire price (Polson and
Shumway 1992 and Shumway and Alexander 1988):

m v n-1 n1 m m
X =+ Y BVt D AZyt Vo3> ayw Wi+ 1SS By y
k=1 g=1 i=1 j=1 k=11=1
+%ZzAghzgzh+ZZ¢kg ykzg+z¢tk ykT+Zw tg % -Fl-gt -F-}éett Qr
g=1 h=1 k=1 g=1 k=1 F1

Thesen derived demand equations contain all the coeffisieof the specified dual
cost function. The demand equation of thenerairehas a different functional form

compared to the othar—1 equations, being quadratic in all exogenous visab
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5.3.4 The Net Price and Substitution Elasticitiesf Input Demands

Regarding the measures of economic interest, the ewd cross-price elasticities of

the conditional demands for input, where i = 1,2,..n- 1, have the following

expressionsry; =ga; x—L with j =1,2,..n- 1. The price elasticities related to the
X

n-1
normalising input (thenumerairg are expressed as (Coxhead 1992):= —2/7”,
=1

] n-1
i = 1T, xm' and,7nn = _Z”nj '
X i=1

5.3.5 Empirical Implementation

When production technology is modelled using themadised quadratic cost function,
the system of derived demand equations is estimatieearly additive error terms
from a normal distribution, with mean zero and renzconstant contemporaneous
variance-covariance matrix, are added to the sysiquations. The system of these
equations is then estimated using the FIML methdulike the translog form case,
there is no singularity problem in the estimatidntlus system. For this functional
form, FIML estimates are not invariant to the cleoaf thenumeraire The choice of
numeraire also has a substantial impact on the robustnessstimation results.
Methods for choosing theumerairehave been proposed, such as by Shumway and

Gottret (1991), but they are yet to gain significacceptance in empirical research.

The imposition of the regularity conditions on tiermalised quadratic demand system
is fairly straightforward. The condition of lineaomogeneity in prices is automatically
enforced by the normalising process. The monottynatindition cannot be imposed by
means of parametric restrictions and therefore ardy be checked after estimation.

Unlike the translog’s case, the concavity conditadnthe normalised quadratic cost
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function can be globally enforced via parametrgtnietions. This global imposition is
usually achieved by means of the Cholesky decortiposiIn the Cholesky

decomposition, the price coefficient matlﬁx)'ij] is replaced by the negative

(n-1)x(n-1)

of the product of a lower triangle matrix and rsnisposed as follows:

y 0 0 0 & &, v G

[aii ](n—1)><(n—1):_ alz a22 O 0 * 8 682 aZ(in_l)
Uy Ley o Fepen] [0 0 o Brayey
CH a8, % 8y '

a,8, Ay,a,1 Ay,ay, a12a2\(— 15" azzaz(-l)

A& n-1)%1 al(n—l)a12+ Qo nQp -0 Ay )y 15"---+ A ¢ % ve 1

The imposition of negative semi-definiteness on thece coefficient matrix

[aij] does not place unwanted restrictions on pricetieiass of input
(n-1)x(n-1)

demands as the translog form does. However, thrsformation has the drawback of
turning linear relationships in system equation® inonlinear relationships that can
make estimation more difficult. Despite this, tldecomposition method has been
popularly applied in empirical studies where thenmalised quadratic functional form
is employed. When the concavity condition is immblg Cholesky decomposition, the
symmetry condition is implicitly imposed as wellnee this decomposition implies

a; =a; . When the concavity condition is not enforced, sggnmetry condition can

be separately imposed during the estimation vigicéisns a; = a; .

With five variable inputs defined for Australiandadacre agriculture, all five four-

equation demand systems derived from the costifimcising alternativeumeraires
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are estimated using the FIML metfioBor example, wherx, is used as theumeraire

the estimated demand system is:
4 4 8

X=a+) W, +Y q Y +) K g +a Twithi =12,..4
j=1 k=1 g=1

The estimation results of these five alternativenaded systems are then compared
against each other using the percentage of signifiown-price coefficients, the
percentage of own-price coefficients with expediphs, the percentage of significant
price coefficients and the percentage of significegefficients in the whole system.
Based on these criteria, the system with the agdeegertilisers and chemicals (FC)
input as thenumeraireis superior among the five alternative systemse &stimation

results of this system are presented and disclatsgdn Section 5.5.

5.4 Adjusting for Heteroskedasticity for Quasi-Miao Farm Data

The quasi-micro nature of the dataset raises santpi®@ econometric issues in model
estimation. Due to temporal discontinuity of olvsg¢ions for the majority of the
distinctive farm cells in the dataset, as explaimedection 4.3.3, the dataset is more
like a pooled cross-sectional dataset than a phateket. As a result, no action is taken
to correct autocorrelation in this study. In costrdhe unique quasi-micro nature of the
dataset means that the issue of heteroskedassiaiipre serious than usual. Each data
point used for model estimation in this study ig #werage data observed for all
surveyed farms in that cell, where the number @isttuent farms varies significantly
across cells. For instance, an average input isrebd for farm cell A with a large
number of farm members and for farm cell B withnaa number of members. It is
then expected that the input variance is much tafgecell A than for cell B. This

particular form of heteroskedasticity is explaireetl discussed in Wooldridge (2006,

* The numeraire demand equation is excluded fromd#teved demand systems due to the excessive

number of parameters it contains.

117



Chapter 5 Multi-product Cost Functions

Chapter 8). The potential heteroskedasticity inrtieelel is demonstrated here for the

normalised quadratic cost function.

Suppose that error terra with a constant variance\/er(q):aiz) is added to the

farm-level model derived from the normalised qu#draost function specified for

Australian broadacre agriculture:
4 4 8

X =0+ oW +> Y+ g +aTHui=12..4
j=1 k=1 g=1

Each observation in the quasi-micro data used fodehestimation in this study is,

however, the average data of sampled farms in & celt. Let d be the number of

farms constituting data cett and X, W';., ¥, and Z . be the observed average

je’
prices, quantities and other non-economic exogenatgables for this data cell. The
econometric model at the quasi-micro level is:
B 4 5 4 5 8 _ _ 1 d,
)g,e :ai +Zaijwlje+25|k y(,e-'-zyig Zg,e+ptiT+ l1l,e’ Where&i/?e :az L’He'

j=1 k=1 g=1 e=1

The equality concerning the error term means thautair(q):ai2 for all individual

farms as assumed then the variance of the erran tar data cell e is

Var(%e):diaiz. If all data cells have the same number of cametit farms, i.e.

e
d,=d is constant, then the quasi-micro model also fesgishe homoskedasticity
condition. However, in the quasi-micro data avddaln this study, d, varies

significantly across data cells, being as smab @d as large as 73. As a result, the
variance of the error term in the quasi-micro madeiot constant and depends on the

number of constituent farms in the cells.
As seen above, it is fairly straightforward to detme whether heteroskedasticity

exists for normalised quadratic functional form dnexe for this form the left-hand

variables of the model are input quantities. less clear whether a heteroskedasticity
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issue arises for the translog. For this functidioain, the left-hand variables of the
model are cost shares of inputs while the averatg abserved in the AAGIS data are
input quantities. Appendix D demonstrates that rosteedasticity also exists in a

model based on the translog cost function.

A robust econometric estimation result requires ustdjents to correct for
heteroskedasticity or to alleviate its consequenbes simple linear regression, the
conventional means for overcoming this problenoisveight variables by the square
root of the cells’ sample size (Wooldridge 2006,after 8). This weighting is
employed in Lopez (1984) and is also used in tlhudysfor both translog cost share and

normalised quadratic demand quantity systems.

5.5 Empirical Results

5.5.1 Estimated Coefficients

5.5.1.1 Translog Cost Share System

The estimated coefficients of the translog shastesy are presented in Table 5. The
number of significant system coefficients is 67 {@.5 per cent of total number of
system coefficients) at the 5% level. At the 10%ele70 coefficients are statistically

significant. At the 5% level, 64 per cent of thécprcoefficientsa; s are statistically

significant. The system’s McEIroyR* is 0.63 and the adjuste®® of the system

equations ranges from 0.71 to 0.86. The own-praedficient a; is significant at the

5% level for Contracts, services and materials lfeestock (CSM livestock) and
Livestock trading demand equation. The own-priceffi@ents of the CSM livestock,
FC and Other Contracts, services and materialsefGEtSM) equations are negative,
which indicates that their own-price elasticitiedl Wwe negative as expected. The own-
price coefficients for Fuel, oil and grease (FO@J d.ivestock trading equations are
positive. The absolute values of these own-priceffments are well below the

threshold of 0.25, meeting the necessary condifion the resulting own-price
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elasticities to be negative, as discussed in Stibseb.2.4. Overall, the cost share
system derived from the restricted translog muitiduict cost function is fairly well

fitted using the AAGIS quasi-micro data of Austaalibroadacre farming.

The estimation results of the cost share systemv ghat the theoretical regularity
conditions of monotonicity and concavity in inputiges are not satisfied by the
translog cost function. Negative shares are prediat 18.4 per cent and 7.4 per cent of
observations for FC and Livestock trading inputspestively. The proportion of
negative predicted shares in the total data saimbéerly low for CSM livestock, Other
CSM and FOG inputs, being 3.4 per cent, 0.4 per @ed 2.5 per cent of observations
respectively. Regarding the concavity conditiorg thatrix A—C+ c' ¢, as calculated
by Diewert and Wales’s (1987), is negative semirikef at 566 out of the 1,343 data

points in the sample.

5.5.1.2 Normalised Quadratic Quantity Demand Sygste

Table 6 displays coefficient estimates of the ndised quadratic demand quantity
system. At the 5% level, the percentage of sigaficsystem coefficients is 61.1 per
cent, which is considerably lower than in the tfagscost share system. At the 10%
level, however, this percentage is 70.8 per cehichvis comparable to that of the
translog share system. Regarding the input prig2% per cent of the coefficients of
these variables are significant at the 5% leveshdly lower than that obtained in the
translog share system. Notably, this percentageases sharply to 75 per cent at the
10% level. Moreover, all own-price coefficients astatistically significant and
negative at the 5% level as expected. In additiba, McElroy R* is 0.85 and the
equations’ adjustedR® ranges between 0.78 and 0.91. Overall, all thesasores
suggest that the goodness-of-fit of the normalisg@dratic quantity system is

reasonably good.
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Regarding the regularity conditions unconstrainedrind) the estimation, the
normalised quadratic cost function achieves a beteult than the translog cost
function. Similar to the translog case, the estadahormalised quadratic demand
guantity system does not satisfy the monotoniaiydition with significant frequency
of violations across the observations in the samplee percentage of negative
predicted quantities of input demands are respagti¥3.0 per cent, 5.7 per cent, 6.1
per cent, and 11.1 per cent for CSM livestock, Ot8&M, FOG, and Livestock
trading. However, the derived normalised quadragigantity demand system
automatically satisfies the concavity condition.l Abur eigenvalues of the price

coefficient matrix are negative without parametdstrictions.

The estimation results of the translog share sysasoh the normalised quadratic
guantity system show that both functional formsegreasonable goodness-of-fit in
modelling Australian broadacre agriculture. Howeweym an economic point of view
the normalised quadratic form appears to perforrttebghan the translog. The
estimated system of demand quantities derived ft@former satisfies the concavity
condition while the estimated system of cost shdexs/ed from the latter does not.
Considering the frequent failure of this conditiarprevious duality-based applications
as discussed in Chapter 2, the satisfaction ottimeavity condition of the estimated
normalised quadratic demand system here is remark@kven this better performance
of the normalised quadratic form, the estimatiosuleof the normalised quadratic

demand quantity system is chosen to be discussgetail as follows.
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Table 5: Translog Cost Function—Estimated Parametes of System of Derived Input Demand Share Equations

Input demand share equation

CSM livestock FC Other CSM FOG Livestock trading

Coefficient z-Statistic Coefficient z-Statistic o€fficient z-Statistic Coefficient z-Statistic Céefent z-Statistic
Constant 0.518 5.690 0.123 2.051 0.519 7.067 0.023 0.948 -0.187 -3.578
CSM livestock price -0.100 -7.514 0.023 2.872 0.037 3.721 -0.004 -1.086 0.044 8.803

FC price 0.023 2.872 -0.007 -0.379 0.019 0.860 -0.026 -3.347 -0.009 -1.644
Other CSM price 0.037 3.721 0.019 0.860 -0.042 -1.526 0.029 2.756 -0.04 -5.797
FOG price -0.004 -1.086 -0.026  -3.347 0.029 2.756 0.008 1.617 -0.007 -2.260
Livestock trading price 0.044 8.803 -0.009 -1.644 -0.04 -5.797 -0.007 -2.260 0.012 3.496
Crops quantity -0.006 -3.398 0.004 3.465 0.002 2.072 0.001 2.803 -0.003 -3.765
Sheep quantity 0.002 0.491 0.004  1.826 0.002 0.778 0.001 0.944 -0.009 -5.727
Beef quantity 0.027 8.860 -0.028 -21.542 -0.008 -3.747 -0.002 -3.242 0.012 7.365

Wool quantity 0.005 1.454 -0.001 -0.309 -0.000 90.2 -0.004 -4.220 -0.0001 -0.077
Capital quantity -0.024 -3.279 -0.003 -0.608 0.0076 1.279 -0.004 -2.365 0.024 5.967
Fixed labour quantity|  -0.056  -4.835 0.009 1.165 0.001 0.149 0.024 8.078 0.021 3.220
Dummy variable D -0.118  -12.854 0.068 11.491 0.075 11.317 0.03 14.354 -0.058 -11.189
Dummy variable Z1 0.075 2.342 0.04 5.104 -0.027 -3.647 -0.007 -2.557 -0.033 -7.772
Dummy variable Z2 0.019 1.737 0.062 7.737 -0.04 -5.157 -0.016 -5.616 -0.028 -5.884
Dummy variable S1 0.045 3.307 0.079 9.846 -0.058 -5.534 -0.025 -8.102 -0.044 -6.245
Dummy variable S2 0.031 3.094 0.035 6.044 -0.031 -4.252 -0.011 -5.188 -0.025 -5.590
Rainfall -0.041 -3.551 0.010 1.333 0.0201 2.353 0.0021 0.861 0.009 1.849

Time 0.008 8.565 0.001 1.042 -0.006  -5.607 -0.002 -5.612 -0.001 -1.006

Adjusted R? 0.71 0.84 0.86 0.76 0.77

Note: D =1 when the farm is in the cropping indysZ1 = 1 when the farm is in the Wheat-Sheepez@? = 1 when the farm is in the High Rainfall epn
S1 =1 when the farm size is greater than $400,880,S2 = 1 when the farm size is between $20030005400,000
” Significant at the 5% level
" Significant at the 10% level




Table 6: Normalised Quadratic Cost Function—Estimaéd Parameters of System of Derived Input Demand Qumdity

Equations

Input quantity equation

CSM livestock Other CSM FOG Livestock trading
Coefficient z-Statistic  Coefficient  z-Statistic o€fficient  z-Statistic  Coefficient  z-Statisti
Intercept 86.88 0.14 1,762.35 8.02 112.67 2.35 -62.19 -1.22
CSM livestock price -795.77 -2.02 -185.11 -1.32 -72.17 -3.27 37.38 1.76
Other CSM price -185.11 -1.32 -1,670.6 -5.24 181.06 2.57 1.23 0.16
FOG price -72.77 -3.27 181.06 2.57 -197.94 -9.89 -5.12 -2.64
Livestock trading price 37.38 1.76 1.23 0.16 -5.12 -2.64 -8.26 -3.34
Grains quantity 0.015 0.22 0.146 18.23 0.028 19.28 -0.008 -1.78
Sheep quantity 0.415 2.75 -0.344 -6.11 -0.007 -0.57 0.036 2.64
Beef quantity 1.083 58.18 0.175 18.27 0.018 9.17 0.099 63.44
Wool quantity 0.261 2.56 0.544 16.44 0.006 0.81 -0.016 -1.95
Capital 0.004 0.87 0.033 34.71 0.002 10.42 0.0002 -0.55
Fixed labour -1.637 -2.99 -0.232 -1.31 0.154 4.33 0.238 4.84
Dummy variable D 53.43 0.14 32767 5.10 80.18 6.08 -35.55 -1.33
Dummy variable Z1 1,715.13 7.96 8.99 0.11 -27.92 -1.72 -144.72 -9.01
Dummy variable 72 1,325.06 4.26 -307.69 -3.38 -84.51 -4.65 -123.73 -5.93
Dummy variable S1 74.18 0.21 748787 7.38 136.82 7.16 67.84 1.89
Dummy variable S2 114.86 0.31 124.11 1.33 4179 259 2.34 0.07
Rainfall -375.84 -1.12 -256.41 -2.57 29.369 1.76 95.093 3.77
Time -16.48 -0.68 -21.11 -2.00 -6.41 -3.32 5.24 2.47
Adjusted R* 0.78 0.91 0.84 0.85

Note:

Rainfall zone, S1 = 1 when the farm size is gretitan $400,000, and S2 = 1 when the farm sizetisdsn $200,000 and $400,000

” Significant at the 5% level
Significant at the 10% level

D = 1 when the farm is in the cropping indysZ1 = 1 when the farm is in the Wheat-Sheepez@? = 1 when the farm is in the High
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5.5.2.1 Quantity Demand for Contracts, Services idaterials for Livestock

As shown in Table 6, the demand for CSM livestods megative significant
relationships to its own price and the price of #dggregate FOG input. This implies
that the demand for this aggregate livestock ingetreases if these two prices
increase. In contrast, CSM livestock demand hagrafisantly positive relationship
with Livestock trading price. With respect to thetmuts, the demand for CSM
livestock input is significantly and positively a¢éd to the quantities demanded for all
three livestock outputs, i.e. Sheep, Beef and Wiabich appears logical. Based on
statistical evidence, the level of Grains produckss not have an effect on the
guantity of CSM livestock demanded, which is expdct

The relationships between the quantity of CSM liwels demanded and the remaining
exogenous factors included in the model are faielysible. Fixed capital does not have
a statistically significant influence on demand @8M livestock, other things being
equal. This insignificant relationship likely folls from the fact that livestock grazing
does not require heavy investments in specialisachinery or storage facilities. The
exclusion of livestock capital from the total capits also likely to contribute to the
insignificance in this pair-wise relationship. lontrast, higher devotion of the operator
and family to on-farm activities (represented byetseworked by fixed labour) appears
to be associated with lower utilisation of CSM Bteck input. The statistical
insignificance of the industry dummy variable sugjgehat demand for CSM livestock
input is not influenced by the choice of key pragum farming operations. As
Cropping farms receive nearly half of their totavenue from combined Beef, Sheep
and Wool production, as described in Chapter 4, tésult is acceptable. In contrast,
both the zone dummy variables are significantlyitpesin CSM livestock demand
equation. This implies that there is higher usthefCSM livestock input in the Wheat-
Sheep and High Rainfall zones than in the Pastmaé,ceteris paribus Finally, all
remaining exogenous variables are statisticalligm8cant, suggesting that production
size, rainfall and technical progress have no 8aamnt effects on the level of CSM

livestock input demanded over the study period.
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5.5.2.2 Quantity Demand for Other Contracts, Se&awviand Materials

Demand for the aggregate Other CSM input is negitilnfluenced by its own price

and the aggregate FOG price input, based on thiststal evidence. No statistical
support is found for significant relationships beem this input's demand and the
prices of CSM livestock and Livestock trading irgpuiThe usage of this input,
however, significantly relates to the levels of hHoadacre outputs produced. An
increase in Grains, Beef and Wool output levels asgociated with an increase in
demand for the Other CSM input. An increase in Shmdput, in contrast, appears to
have a negative impact on the demand for the GEISM input. With regard to fixed

capital and labour inputs, only physical capitayndicantly and positively affect

demand for Other CSM. This relationship is possibécause fixed capital usually
incurs ongoing running costs so the higher thetahf@vel is, the higher the demand
for the aggregate Other CSM input.

Demand for the Other CSM input is influenced by enoeon-quantity, non-price factors
than demand for the CSM livestock input. Therdrisrg statistical evidence indicating
that cropping and livestock grazing farms utiliseh€® CSM input differently. The
estimation result also shows that usage of OtheM @fut differs between the High
Rainfall zone and the other two broadacre zoneswf@mn which no significant
difference is found). At the same time, large faaresfound to have appreciably higher
demand for the Other CSM input than medium and Isfaams, ceteris paribus
Finally, unlike the demand for CSM livestock, sttitial evidence indicates that higher

rainfall and technical progress help reduce ugb®Other CSM input.

5.5.2.3 Quantity Demand for Fuel, Oil and Grease

In the estimated demand equation of the aggregate fput, the coefficients of all
input prices are statistically significant. A hidével of significance suggests that

demand for FOG is fairly responsive to market dgindhe demand for this input is
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negatively affected by its own price as well as CBMstock and Livestock trading
prices. In contrast, the relationship between dehfan FOG and the price of Other
CSM is positive. Moreover, the level of FOG demaighificantly increases with the
levels of Grains and Beef produced, suggesting genmtensive use of machinery in
the production of these two outputs. In contrdst,@stimated system indicates that the
production of Sheep and Wool does not significaatfgct the demand for fuel, oil and

grease.

Positive relationships between the levels of FO@uindemand and the two fixed
inputs, physical capital and fixed labour, is sglgnsupported by the statistical
evidence. All other qualitative factors, i.e. predoant production activities, agro-
climatic zone and production scale, also have Bggmt effects on the level of FOG
used. Given other characteristics fixed, Croppeugns appear to use more FOG than
Livestock farms, farms in the High Rainfall zone Usss of this input than those in the
Wheat-Sheep zone, farms in the Wheat-Sheep zonkessef this input than those in
the Pastoral zone and the larger the farm is, itleeh level of this input demanded.
Additionally, there is weak statistical evidencatthn increase in rainfall is associated
with an increase in demand for FOG. Finally, thénested system suggests that
technical advances lead to a decreased use ohghitas in the case of the Other CSM

input.

5.5.2.4 Quantity Demand for Livestock Trading

The Livestock trading demand equation in the eg@ohaguantity system is also
statistically reasonable. In this equation, theffo@ents of own price and FOG price
are highly significant. The signs of these coediints suggest that Livestock trading
demand is negatively affected by increases in thwseinput prices. Conversely, the
coefficient of CSM livestock price is weakly sigodnt and positive in this demand
equation. The relationship between demand for togkstrading input and Other CSM

price is also positive but insignificant. Regardthg outputs, demand for the Livestock
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trading input appears to be influenced by the vl all outputs. The production
levels of Beef and Sheep have highly significard positive effects on demand for
Livestock trading input, in line with expectationBaere is weak statistical evidence
that an increase in Grains or Wool production lenegluces demand for Livestock

trading input.

The interactions between the demand for Livestoalling input and the remaining
exogenous variables are fairly reasonable. Demandhé Livestock trading input is
significantly and positively related to the fixeabbur input, rainfall and time trend.
The positive relationship between Livestock tradamgl rainfall is sensible. However,
the increase of the Livestock trading input with passage of time is unexpected given
the time trend is often considered a proxy for miisedied technological progress. This
finding may be related to an increasing trend dfiegroduction in Australia over the
study period (ABARE 2008). Regarding the influenadsclimatic conditions on
production, it is strongly evident from the estimoatresult that demand for Livestock
trading is higher for farmers in the Pastoral zthven those in the High Rainfall zone,
who in turn have higher demand of this input thiaose in the Wheat-Sheep zone.
Moreover, the estimation result weakly suggests ldrge farms have higher demand
for Livestock trading than medium and small farmikere is no statistical evidence
supporting the existence of significant differencetween Cropping and Livestock

farms in utilising the Livestock trading input.

5.5.2 Net Price and Substitution Elasticities ofput Demands

Table 7 and Table *8respectively report estimates of net own- and smp&e
elasticities (with corresponding bootstrapping dtad errors) calculated from the

estimated translog and normalised quadratic derkadand systems. For the translog

® Because variables in this study are generallyligkewed to the right due to the micro-quasi refr
the data, we have chosen to evaluate these meaguatssample points and report their median \alue

instead of reporting them at mean values as isaxional.
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form, eighteen out of the 25 elasticities are stally significant at the 5% level,
compared to seventeen for the normalised quadiatic. Elasticity results from both
functional forms satisfactorily have statisticafygnificant and negative own-price
elasticities as expected by economic theory. Howetlee magnitude of own-price
elasticity differs significantly between the twosudt sets. For instance, the translog
result shows that the demand for CSM livestocklaste to its own price with an
elasticity estimate of —1.20. The estimate of taema elasticity from the normalised
guadratic is much lower in magnitude, being —0.431rther, the demand for Livestock
trading input is fairly responsive to its own priby the translog form (with an
elasticity estimate of —0.744) but very inelasticthe normalised quadratic (with an
elasticity estimate of —0.078). Similarly, the magde of the own-price elasticity for
FOG from the translog form is significantly high#ran that from the normalised
guadratic form, 0.81 compared to 0.531. In contrid& own-price elasticity of FC is
much smaller (in magnitude) by the translog thanth® normalised quadratic form,
—0.905 compared to —-1.756. The estimates fromwleeftnctional forms are closest
for the own-price elasticity of Other CSM, —0.628the translog compared to —0.796

in the normalised quadratic.

The two price elasticity sets commonly show thahded for most inputs is inelastic to
changes in alternative inputs’ prices. However,f hadl the cross-price elasticity
estimates change sign between these two elassietsy The largest discrepancies are
the elasticity estimates of FC demand with respeddther CSM price, Other CSM
demand with respect to FC price, FOG demand wipeet to Other CSM price and
Livestock trading demand with respect to CSM ligektprice. Notably, an increase of
one per cent in Other CSM price results in an aseeof 0.61 per cent in demand for
FC according to the translog, compared to an isere@d 1.03 per cent according to the
normalised quadratic. Similarly, the demand eldgtiof Other CSM with respect to
FC is much lower from the translog than from thenmalised quadratic. In contrast, the
elasticity of FOG demand with respect to Other G3Me is estimated to be 0.906 by
the translog, compared to 0.525 by the normalisaddiptic. Finally, the price
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elasticity estimate of Livestock trading with respé&éo CSM livestock is 0.80 in the
translog’s result, much higher than the estimat8.%52 in the normalised quadratic’s
result.

Table 7: Own- and Cross-Price Elasticities of InpuDemand—Translog Form?® °

With respect to price of
Contracts, Other
materials &  Fertilisers contracts,
services for and services &  Fuel, oil & Livestock
Demand for livestock chemicals materials grease trading
Contracts, materials &
services for livestock | -1.197" 0.188 0.640 0.046 0.306
(0.048) (0.026) (0.033) (0.015) (0.018)
Fertilisers and
chemicals 0.324 -0.905 0.605 -0.085° 0.008
(0.035) (0.102) (0.125) (0.039) (0.039)
Other contracts,
services & materials | 0.297" 0.137 -0.623 0.136° -0.021
(0.021) (0.05) (0.057) (0.021) (0.015)
Fuel, oil & grease 0.149 -0.271 0.906" -0.810° -0.022
(0.051) (0.09) (0.118) (0.055) (0.038)
Livestock trading 0.802 -0.016 -0.042 -0.012 -0.744
(0.038) (0.054) (0.048) (0.022) (0.03)

Note: ?Medians of elasticities evaluated at all obseorafioints
® Bootstrapping standard errors (500 trials) angarentheses
” Significant at the 5% level
" Significant at the 10% level
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Table 8: Own- and Cross-Price Elasticities of InpuDemand—Normalised
Quadratic Form &°

With respect to price of
Contracts, Other
materials &  Fertilisers contracts,
services for and services &  Fuel, oil & Livestock
Demand for livestock chemicals materials grease trading
Contracts, materials &
services for livestock -0.431 0.491 -0.13 -0.051" 0.06°
(0.123) (0.124) (0.076) (0.014) (0.023
Fertilisers and
chemicals 0.391 -1.756 1.03 0.037 -0.009
(0.108) (0.198) (0.167) (0.034) (0.011
Other contracts,
services & materials -0.068 0.787 -0.796 0.083 0.001
(0.041) (0.118) (0.143) (0.031) (0.009
Fuel, oil & grease -0.157 0.197 0.525 -0.531 -0.031
(0.046) (0.166) (0.197) (0.048) (0.009
Livestock trading 0.152 -0.055 0.006 -0.026 -0.078
(0.061) (0.071) (0.04) (0.008) (0.017

Note: ?Medians of elasticities evaluated at all obseorafpioints
® Bootstrapping standard errors (500 trials) angarentheses
” Significant at the 5% level
" Significant at the 10% level

Table 9: Allen Partial Elasticities of Substitution—Translog Cost Function® "

Contracts, Other
materials &  Fertilisers contracts,
services for and services &  Fuel, oil & Livestock
livestock chemicals materials grease trading
Contracts, materials &
services for livestock
Fertilisers and
chemicals 1.857
(0.211)
Other contracts,
services & materials 1.352 1.240"
(0.079) (0.245)
Fuel, oil & grease 0.747 -1.207 1.857
(0.172) (0.478) (0.261)
Livestock trading 2.871 0.223 -0.098 -0.167
(0.132) (0.286) (0.118) (0.316)

Note: ®Medians of elasticities evaluated at all obseorafioints
® Bootstrapping standard errors (500 trials) angarentheses
” Significant at the 5% level
" Significant at the 10% level
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Table 10: Allen Partial Elasticities of Substituticm—Normalised Quadratic Cost

Function &P
Contracts, Other
materials &  Fertilisers contracts,
services for and services &  Fuel, oil & Livestock
livestock chemicals materials grease trading
Contracts, materials &
services for livestock
Fertilisers and
chemicals 0.551
(0.25)
Other contracts,
services & materials -0.242 1.694°
(0.142) (0.318)
Fuel, oil & grease -0.598 0.332 0.975
(0.165) (0.353) (0.371)
Livestock trading 0.384 -0.163 0.012 -0.306
(0.153) (0.153) (0.153) (0.153)

Note: ?Medians of elasticities evaluated at all obseorafpioints
® Bootstrapping standard errors (500 trials) angarentheses
" Significant at the 5% level
" Significant at the 10% level

The estimates of Allen partial elasticities of dithion obtained from the translog and
normalised quadratic cost functions are respegtisebwn in Tables 9 and 10. These
two sets of results differ in portraying substietiand complementary relationships
among broadacre production inputs. Half of the rllgartial elasticity estimates
change signs between the two functional forms’ ItesThe CMS livestock-other

CMS, CMS livestock-FOG, and FC-livestock tradingatienships are found to be
substitutive by the translog form but complementayythe normalised quadratic. The
translog suggests that FC is complementary to F@,other CMS is complementary
to livestock trading but the normalised quadratiggests the contrary. The two
functional forms find a substitutive relationshiptiveen CMS livestock and FC, CMS
livestock and livestock trading, FC and other CM8d other CMS and FOG but a
complementary relationship between FOG and livéstoading. Out of ten Allen

partial elasticities, seven are statistically digant at the five per cent level in the
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translog’s result, compared to six in the normalisgiadratic’s result. The livestock
trading-FC and livestock trading-other CMS elasigsi are statistically insignificant in

both functional forms’ results.

Table 11: Morishima Elasticities of Substitution—Translog Cost Functiorf "

Contracts, Other
materials &  Fertilisers contracts,
services for and services &  Fuel, oil Livestock
livestock chemicals materials & grease trading
Contracts, materials &
services for livestock - 1.183 1.260" 0.861" 1.057"
(0.128) (0.084) (0.059) (0.036)
Fertilisers and
chemicals 1.743 - 1.209 0.723 0.743
(0.103) (0.173) (0.042) (0.05)
Other contracts,
services & materials 1.514 1.085 - 0.951" 0.749
(0.065) (0.142) (0.069) (0.032)
Fuel, oil & grease 1.386 0.685 1.496 - 0.723
(0.074) (0.093) (0.167) (0.063)
Livestock trading 1.952 0.934 0.618 0.7872° -
(0.074) (0.127) (0.064) (0.085)

Note: ?Medians of elasticities evaluated at all obseorafioints
® Bootstrapping standard errors (500 trials) anedrentheses
" Significant at the 5% level
" Significant at the 10% level

The estimates of the Morishima elasticities of stltson calculated from the two

functional forms conform to each other. As showrTables 11 and 12, all pair-wise
elasticities are positive in both result sets,eating the substitutive nature of pair-wise
relationships among broadacre inputs. Moreoverosinall elasticities obtained are
highly significant in both functional forms’ ressltThese findings contrast strongly to

the significant divergence between the Allen pheiasticity estimates from the two

functional forms. From the relationshipij“" =1, —n; (see Subsection 3.3.3.), the

positive Morishima elasticity estimates obtaineglyrthat an increase in the price of a
broadacre input will cause either an increase e uke of alternative inputs (i.e. a
substitutive response) or a decrease in the usealtfnative inputs (i.e. a
complementary response) accompanied by a largeempige-wise decrease in its own
demand.
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Table 12: Morishima Elasticities of Substitution—Namalised Quadratic Cost

Function &P
Contracts, Other
materials &  Fertilisers contracts,
services for and services &  Fuel, ail Livestock
livestock chemicals materials & grease trading
Contracts, materials &
services for livestock - 1.448 0.583 0.459" 0.116
(0.203) (0.195) (0.053) (0.029)
Fertilisers and
chemicals 0.394 - 1.247 0.525 0.061"
(0.126) (0.227) (0.055) (0.015)
Other contracts,
services & materials 0.320 1.95% - 0.628" 0.079
(0.134) (0.282) (0.08) (0.019)
Fuel, oil & grease 0.193 1.676 1.314 - 0.045
(0.133) (0.224) (0.31) (0.021)
Livestock trading 0.471 1.481 0.798 0.503 -
(0.134) (0.203) (0.139) (0.055)

Note: ®Medians of elasticities evaluated at all obseorafioints
® Bootstrapping standard errors (500 trials) angarentheses
" Significant at the 5% level
" Significant at the 10% level

5.5.3 Estimation Using Subsamples by Zone, by Sizaad by Industry

In the models estimated, qualitative dummy variglalee included in the translog and
normalised quadratic cost functions to accountfionatic, industry and size effects in
broadacre production. An alternative to the usdwhmy variables is to estimate the
models using subsamples segregated by climatestiydor size. In other words,
econometric models are estimated separately feethroadacre zones, two production
industries and three production sizes. This altereaapproach is promising since it
permits differences of any form between farms ffedent zones, in different industries
or having different sizes. In contrast, when dunguoglitative variables are used, only
vertical shifts of estimation equations (i.e. diffiet intercepts) between zones, sizes
and industries are allowed. However, when sepanatgels for zone, size and industry
subsamples are estimated, their estimation resw#stoo poor for both functional

forms. The estimated systems for these subsampee la low percentage of
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significant system coefficients, a low percentagsignificant price coefficients and a

large proportion of insignificant own-price coeféots. For instance, among the
estimated normalised quadratic quantity systemdhese eight subsamples, only the
systems for the Wheat-Sheep zone (having 833 cddusemg) and small size (having

477 observations) have more than half of the systeefficients being significant at

the 5% level.

The poor estimation results for zone, size and strigusubsamples are unexpected
considering the high percentage of significant ioehts of the zone, size and
industry dummy variables when using the whole dataple in both the translog share
and normalised quadratic quantity systems estimaldee poor results for data
subsamples are likely due to insufficient sampke selative to the number of system
parameters to be estimated. For instance, the r@hstone subsample has 201
observations whilst the normalised quadratics gtyasystem has 58 parameters to be
estimated. However, in the case of the normaliseddiatic form, the results are
unsatisfactory for cropping and livestock subsamplespite their large sample sizes of
619 and 724 observations, respectively. This sugdkat broadacre farms focusing on
different products interact with each other and thay belong to the same population.
This interaction between farms having differentdurction focuses is probably due to
the fact that Cropping farms, on average, colletyiveceive about 46 per cent of total
revenue from livestock activities, as describehmapter 4. The interaction between
farms in different industries implies that reseafoidings in studies of Australian
broadacre agricultural production whose researopesds limited to a single industry
may be significantly distorted.

5.6 Discussion of Estimation Results

The estimation results are reasonable for botlskobgnand normalised quadratic cost
functions. This contrasts with previous internasibrand Australian duality-based

studies that estimated cost functions. The pergent significant system coefficients
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at the 5% level, 71.6 per cent for the translog @hd per cent for the normalised
guadratic, are much higher than that in many studiech as Kuroda and Lee (2003),
Gagne and Nappi (2000), Bloeh al. (2001), Akridge and Hertel (1986) and Halvorsen
and Smith (1986). System-wide McEIrdy’ for the two estimated models are also
fairly high, being 0.85 for the normalised quadrathodel. The normalised quadratic
model also explains individual input demands weil sevenly with adjustedr?
ranging between 0.78 and 0.91. Moreover, inputegriare found to significantly
influence input demands, with 64 per cent and @2r5cent of price coefficients being
significant at the 5% level in the translog shand the normalised quadratic quantity
systems respectively. In the normalised quadratiangty system, all own-price

coefficients are statistically significant and niéagaas expected.

The statistical significance of many cross-priceeftioients in the two estimated

demand systems suggests that the demand for adoreahput is jointly determined

by its price and prices of alternative inputs. Thplies that Australian broadacre
farmers make production decisions concerning diffeinputs simultaneously. This

simultaneous decision-making process highlights ithportance of accommodating

interrelationships between broadacre inputs whe&miantion policies concerning the

rural sector and the wider economy are made. Thidies that results from single-

output studies, such as Griffities al. (2000) or O'Donnell and Woodland (1995) and
McKay et al.(1980) should be used with caution.

The estimation of the translog and normalised catadicost forms generates mixed
results regarding regularity conditions that carbeparametrically imposed during the
estimation. The estimated translog cost functiomoisconcave at more than half of the
data points. This failure to meet the concavitydibon by the translog cost is similar
to the findings in McKayet al. (1980) although these authors based their cormeiusn
the non-negative semi-definiteness of the (assusiAdlen) 'partial elasticities of

substitution'. If using Allen partial elasticitiehie estimation result of the translog cost
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function using quasi-micro data in this thesisddetter since the eigenvalues of the
Allen partial elasticity matrix obtained here allenggative.

In contrast to the translog form’s result, the rasted normalised quadratic quantity
system meets the concavity condition without aitdi parametric restrictions. This is
an unexpectedly positive result considering thguent violations of this condition in
previous duality applications, especially in apgfions to agricultural production. The
satisfaction of the concavity condition and thdisti@al significance of all own-price
coefficients strongly suggest that farmers do sulistinputs for each other in response
to price changes for given output levels and thatdemand curves of broadacre inputs
are downward sloping. These outcomes also indittse the normalised quadratic
form is more suitable than the translog in speodyrestricted multi-product cost

functions for Australian broadacre agriculturalguotion.

The estimation outcomes regarding the monotonamtydition are not as encouraging
as for the concavity condition, for both functiorfarms used. This condition is
violated at numerous data points for both functiof@ams. This finding is
contradictory to findings in McKagt al. (1980), in which the predicted shares of all
inputs are positive at all data points, and in Mlland Cox (1996), where the
estimated cost function is not concave at onlyehdata points for one of the six
variable inputs included in their model. These suadies used highly-aggregated time-
series data for model estimation, in contrast éoghasi-micro data used in this study.
In the quasi-micro dataset used in this study, sioqmét quantities vary extensively and
are close to zero in a considerable number of ghtiens. Therefore, the cost shares
and demand quantities predicted in this study ameeed to be close to zero or
negative. The violation of the concavity conditiarthis study is similar to the research
findings in Ollinger et al. (2005), where pooled cross-sectional data are tsed

estimate a translog cost function for the Uniteatét poultry industry.
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The findings on price responsiveness in this stgdgerally conform to economic
theory. All the own-price elasticities of broadaanputs have the expected signs and
are statistically significant for both functionarins used. More than two-thirds of all
cross-price elasticities are statistically sigrficin the two functional forms’ results.

Results from the normalised quadratic functionaimfowhich are better than the

translog’s results regarding the concavity conditiondicate that demand for most
broadacre inputs in Australian agriculture are restponsive to price change in the
short-term. This implies that government intervensi or market movements affecting
input prices will not cause significant adjustmemtsdemand for these inputs. The
demand for the aggregate FC is an exception togéneral trend. Demand for FC is
very responsive to its own price and price of OtG&M. Its own-price elasticity

estimate is —1.8, indicating that a one per ceatemse in its price leads to a 1.8 per
cent decrease in its demand, given output levedsfized. An increase in general

production costs (price of Other CSM) causes aedse of a slightly larger percentage

in FC demand.

Similar to most previous studies of agriculturabguction, this study also suffers from
the unavailability of data on farm-specific inpuige. National annual price indices
constructed by ABARE were used in place of unolestiactual input prices for model
estimation. As a result, variations in input priGgsoss geographical areas are not
present in the data used for estimation. In coftiagut prices are commonly expected
to vary across geographical areas, being higheenmte areas such as those in the
pastoral and Wheat-Sheep zones due to higher tteaaSpn costs. Moreover, input
costs in the data, and thus the implicit input qinamdices derived from the costs and
national price indices (see Chapter 4), are atasiguicro level. Therefore, it would be
judged that the price elasticity estimates obtaimedthis study may have been
overestimated. However, this cannot be proven ttheease. By way of construction,
the national price indices, like the aggregateegonmclices constructed in this study (see

Chapter 4), should reflect the relative variations input prices and quantities
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demanded across geographical areas in a way toanhsstent with the price-demand
relationships being estimated in this study. Moegouf the price variation across
geographical areas is similar for all productioputs the normalisation of prices in
estimating the normalised quadratic cost functioamynrhave lessened any inflating
impacts that the use of national input price ingliceay have on price elasticity
estimates. This can be demonstrated using theetkguantity demand equations and

the formulas of price elasticities for the normatigjuadratic functional form.

Regarding input substitutability, findings from theo functional forms differ

significantly in Allen partial elasticity estimatebut are strongly consistent in
Morishima estimates. A large proportion of Allenrtgd estimates change sign
between the two functional forms. In contrast, Mbima elasticity estimates from the
two functional forms consistently suggest that pdlir-wise relationships among
broadacre inputs, conditional on output levels, sarestitutive. Almost all Morishima

elasticities are also statistically significanbioth functional forms’ results.

The consistency of Morishima elasticity estimatésamed from the two functional
forms, and their strong statistical robustnessgesity that the Morishima measure is
more robust to the choice of functional form inirastion of dual cost functions. These
findings further strengthen the increasing prefeeefor the Morishima measure over
the more traditional Allen partial measure in reéckterature, recognising that the
Morishima measure has a less ambiguous interpyatafi substitution than the Allen
partial measure (Agbola and Harrison, 2005; Sha@0@2; Fisheet al.,2001; Huang,
1991; and Mountain and Hsiao, 1989). Morishimanestés obtained from the two
estimated cost functions of Australian broadacoelpction commonly suggest that all
broadacre inputs are substitutes. This result nslas to a study of the Australian
pastoral region by Agbola and Harrison (2005) inohhtwenty out of the twenty-five

reported short-run Morishima elasticities are pesit
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Due to differences in geographical coverage, natireata used, data aggregation
methods, dual objective functions estimated andctianal forms used, it is not

possible to validate this study’s findings by aedircomparison of estimation results
obtained to those in previous studies of Austrdtisvadacre farming. Nevertheless, the
strong statistical significance of the estimatiesauits obtained in this study, via using a
much larger data sample, strongly supports thatieity estimates generated by the

models here are reliable and valuable for polidyaton.

5.7 Conclusion

In this chapter, Australian broadacre productiocht®logy is modelled under the
assumption that farmers aim to minimise their podidm costs, conditional on output
levels. Restricted multi-product translog and ndised quadratic cost functions are
specified for a set of five variable inputs, fowtputs, two fixed inputs and six other
exogenous variables. The derived translog costeslssstem and the derived
normalised quadratic demand quantity systems aireaed using AAGIS quasi-micro
data. Heteroskedasticity caused by the quasi-nmatore of AAGIS data is corrected
during the estimation. The symmetry and homogermtyditions are imposed during
the estimation, while the monotonicity and concawbnditions are checked after
estimation. The estimation results are statisicatibust with high percentages of
statistically significant system coefficients andicp coefficients. The own-price
coefficient estimates have expected signs. The toorwty condition is violated in

both functional forms due to the quasi-micro natofethe data used for model
estimation. The estimated translog cost share syskees not satisfy the concavity
condition but the normalised quadratic cost furnrctgatisfies this condition without

being enforced by parametric restrictions.
The results of price-quantity interactions areistigglly significant and economically

meaningful for broadacre inputs. All own-price d¢laties obtained from both

functional forms have the expected signs and ajelysignificant using bootstrapping

139



Chapter 5 Multi-product Cost Functions

standard errors. A majority of cross-price elas@si are statistically significant
regardless of what functional form is used. Thailtessuggest that, in the short-term,
demand for broadacre inputs is generally inelasttb respect to input prices. This
implies that policies designed to influence inpetmdnds through market prices will
not be very effective. An exception is demand #tilisers and chemicals for crop and
pasture, which is found to be elastic to their gwites and prices of contracts, non-

petroleum materials and services in the normaligeiratic cost function’s results.

The substitution elasticity estimates obtained fritv@ two cost functions provide an
important insight into relative reliability of th&llen partial and Morishima measures.
By the Morishima measure, the estimated translogy mormalised quadratic cost
functions commonly suggest that all broadacre prtodo inputs are substitutes.
Meanwhile, significant divergence is found in Allgpartial elasticity estimates
obtained from these two functional forms. Moreowamost all Morishima elasticities
are statistically significant while a number of éil partial elasticities are statistically
insignificant in the two functional forms’ result§he high stability and strong
statistical significance of Morishima elasticitiasboth cost functions estimated in this
study suggest that this measure is more reliakd@ the Allen partial measure in
measuring technical relationships between prodnctiputs.
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Chapter 6

Estimating Restricted Multi-Product
Revenue Functions for Australian
Broadacre Production

6.1 Introduction

In this chapter, the investigation of Australiamdiacre production continues through
the specification and estimation of restricted mploduct revenue functions using
AAGIS quasi-micro data. Unlike in Chapter 5, thenfalation of the model in this

chapter assumes farmers take input levels as gindradjust output levels to maximise
total production revenue, given that output priaes exogenously determined. Under
this assumption, a dual revenue function is spetiifand revenue-maximising input

demand equations are derived and estimated.

Revenue maximisation is rarely assumed in empira@blications of duality, in
contrast to the popularity of profit maximisationdacost minimisation. Assuming
fixity of all production inputs is too restrictived be realistic. However, there are
several reasons for assuming revenue-maximisagbawour to investigate Australian
broadacre agricultural production. Firstly, broagafarms are predominantly family-
run businesses with limited natural, financial andnagerial resources. Farmers have
limited flexibility in adjusting these resourcesthre short term. Despite farmers having

some flexibility to switch between different prodsic within a year's time
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Interval, limitations in resource endowments may @tlow them to maximise

production profits in the short term since thisuiegs adjusting input levels and costs.

The second reason for assuming revenue maximisatidostralian broadacre farming
is the complex, staged decision-making process ateéor technical and economic
efficiency in profit maximisation. To maximise pitsf farmers have to adjust and
allocate the quantities of both inputs and outjrut®sponse to relative price changes.
With numerous inputs and outputs, profit maximmatiis a mathematically
complicated optimisation problem that can only bved with computer aid, and is
impractical for normal farming operation with lirad natural, financial and managerial
resources. In contrast, production revenue is adgpmxy, guiding production
decisions to ensure financial survival and profaking. The revenue maximisation
also involves fewer entities (i.e. only outputs hot inputs) that allocation decision is
feasibly implemented by farmers.

The third reason supporting the specification dual revenue function for Australian
broadacre farming concerns the information retdeabout the underlying production
technology. Specifying a revenue function reveatgepquantity responses and
transformation possibilities between outputs whaput levels are fixed. As Gordon
(1989) points out, these net (or conditional oruirpompensated or input-constant)
elasticities do not encompass the adjustments potimuantities caused by price
changes while the gross (or uncompensated or Mésst)eelasticities drawn from a

profit function do.

With the above motivations, dual restricted muttpguct revenue functions are
specified in this chapter for Australian broadaageculture. These functions will have
the same four aggregate outputs, five aggregatablarinputs, two aggregate fixed
inputs, five dummy variables, rainfall variable ativde trend as in the cost functions
estimated in Chapter 5. As in Chapter 5, both tognsand normalised quadratic

revenue functions are specified and estimated. Erapiissues common in the
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estimation of dual cost and revenue functions @&eudsed briefly in this chapter and
referred to Chapter 5. For the translog form, thstesn of input-constrained output
revenue share functions is derived and estimatediieé normalised quadratic form,
the system of input-constrained output supply gtiastis derived and estimated. After
the estimation of each of these derived systenasnéth price elasticities and elasticities
of transformation are estimated for broadacre dstplihe results from the two

functional forms are then compared.

The structure of this chapter is similar to ChafeiSection 6.2 covers the general
framework of specifying a dual restricted transtoglti-product revenue function and
its empirical application to Australian broadacggieultural production. This section
includes a description of the theoretical regwacbnditions, the derivation of input-
constrained output supplies, and the derivationnef price and transformation
elasticities for output supplies. Section 6.3 fakothe same structure as Section 6.2 for
modelling Australian broadacre technology via sfyaug a dual restricted normalised
guadratic multi-product revenue function. The eation results for Australian
broadacre agriculture from restricted translog aodmnalised quadratic multi-product
revenue functions are described in Section 6.4s@hresults are then discussed in
Section 6.5. Section 6.6 concludes the chaptersrming the chapter’'s empirical
findings.

6.2 Specification of a Restricted Translog Multi-lPoduct Revenue
Function

This section presents the general framework ofmading a restricted multi-product
revenue function in the translog functional formheTempirical application of this

framework to Australian broadacre agriculture fioe tsame set of four outputs, five
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variable input§ two fixed inputs and six other exogenous varigifals in Chapter 5 is
then described.

6.2.1 The Restricted Translog Multi-Product Revena Function

The restricted translog multi-product revenue fiorctdescribing a technology that

uses variable inputx, X,, ..., %, ] to produce outputfy,, y,,...y,] has the following

representation:

INR(P, X, Z T)= a'0+Za In x+z,@ In p+z/1 In g+%22a In dn x

i=1 j=1

%Zm:zm:ﬁ Inp, Inp +}/ZZZ/19hIn z,In 4+225,kln xIn Q+ZZylgln dn 7z

k=1 1=1 i=1 k=1 i=1g=1
\%

+

m

+> > ¢, In p,In zg+Z;ptiTIn>g +kz;¢ngln R +le/lth|n 7,+6, T+%‘9n T
1= =] g=

=1 g=1

=

where R is the production revenuey, is the price of outpuk, z, is the gth fixed

input quantity or a non-quantity, non-price exogeneariable and is a time trend.

6.2.2 Regularity Conditions

As described in Chapter 3, the restricted trangiagluct revenue function specified
above satisfies a set of theoretical regularity dittons to describe the rational
economic behaviour of producers. The condition ahatonicity in output prices
(Condition R.2) requires that partial derivativestloe logarithmic revenue function
with respect to logarithmic prices are positive. aifter the revenue function satisfies

the condition of convexity in output prices (Comalit R.3) is related to the sign of

definiteness of matrif3,] _~f .. +r where[B,] is the matrix of price

1><m lx !

coefficient estimatest

mxm

is the diagonal matrix with its diagonal elemeinésng the

® In the specification of a revenue function, thisreo real distinction between variable inputs &ired
inputs since their quantities are all assumed togiven. However, for ease of referencing when
comparing the results from the three dual functiaomdater part of the thesis, this distinction is
maintained in this chapter.
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shares and

Ixm

is the vector of the shares. Following the dematisih by Diewert and
Wales (1987), it is straightforward to verify thhe translog revenue function specified

above satisfies the convexity condition if the mfﬁkl]wm‘fmmelxm'flx . IS positive

semi-definite. The conditions of linear homogené@yndition R.4) and symmetry (or

twice-continuous differentiability) both imply glabrestrictions on the parameters of

the revenue function. The specified revenue functgatisfies the homogeneity

condition if » 4 =1 and } B,=>6,=> #,=2 % =0, and the symmetry
k=1 k=1 k=1

k=1 k=1

condition if a; = a; , By = B, andd,, = A, . Similar to the translog cost function, the

restrictions for these two regularity conditiong aiso those needed for the adding-up

condition.

6.2.3 The Input-Constrained Output Supplies

When the revenue function specified above satigfiegegularity conditions, a system
of input-constrained revenue share equations iseteby applying the Chain Rule and

the Samuelson-McFadden lemma:
=B+ Banp +> 0 Inx+> ¢ Inz +@T, k=12..,m, where r, is the
=1 i=1 g=1

revenue share of outplt in the total revenue.

6.2.4 The Net Transformation and Price Elasticitis of Output Supplies

The Allen partial elasticities of transformationtlween output supplies can be derived
for the translog revenue function following the samberivation of elasticities of

substitution between inputs for the cost functi@sec by Binswanger (1974). Firstly,
the coefficients of the interaction terms betweeatpot prices in the translog revenue

function specified above can be expressed as:
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5 = ?InR _ a(aR;%j_ (OZRF%_Q<6R6§
K™ 31~ Aln - T~ Db T A D BA A A

“omnpoinp “oplop R) "lapap R RO pd,

Substitutingg—R=yk (from the Samuelson-McFadden lemma) into the esgie
k

2
above we haves, = ka R 6?} c;?p _ Rﬁp "

0°R R R
_ (ﬁkl-'_ kakHYj: Q p(lBkI+rkrI)'

Y, » which leads to

PR AR R
Substituting the last expression into the definiti@f Allen partial elasticity
2
Ty = R _OR as derived in Chapter 3 (Subsection 3.4.3), wigeat 7, :&ﬂ.
Y Y OROR n

It is straightforward to verify that the net ownmAdacross-price elasticities between

output supplies are related to the coefficients ahdres as:g,, :@Hk—l for
k

By

k

k=12...m andg, = forall k1.

A 'rule of thumb' notion about values of the partarseof the translog revenue function
can be assessed using the expression of the osmgiasticities of output supplies. As
derived above, for this functional form, the redaship between the own-price
coefficient 5, andr, is: &, :&+ r.—1. It is expected that own-price elasticity,
rk

is positive for all output supplies. In economidenpretation, positive own-price

elasticity means that an increase in an outputtsegdeads to an increase in its supply.
This implies that 5, >0 because O<r,<1. At the same time, we have

/!kimo&Hk -1=r,-1, the right hand side of which is negative singes1. This
S

means that wherg,, is arbitrarily close to zero, the own-price eleisyi &, is very
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likely to be negative, contradicting economic thedfor example, if5, =0.05, the
own-price elasticitye,, is negative whenever the revenue shgrdalls in the range
0.053-0.947, which is extremely wide givéxr, <1. Therefore, S, is expected to

be not too close to zero.

6.2.5 Empirical Implementation

When the general framework described above is egpti the same set of variables as
the cost function in Chapter 5, a system of revesiage equations is derived for output

supplies as follows:
4 5 8

o =B +Z:8kl In p, +25ik In x; +Z¢kg In Z, +@ T
=1 i=1 g=1

where r, is the revenue shares of Grains, Sheep, Beef amdl Witputs; p, is the
prices of Grains, Sheep, Beef and Wogl;is the quantities of CSM livestockC,
Other CSM, FOG and Livestock trading inputg; is two aggregate fixed inputs (total

capital and operator’s labour), five dummy variab{gvo zone dummy variables, two
size dummy variables and one industry dummy vagjalsind an annual rainfall

variable; andT is the time trend. Additive normally distributedars with constant

covariance are added to these system equations the estimation of the cost share
system in Chapter 5, a revenue share equatioratederom this system to overcome
the issue of singularity of the variance-covariameatrix caused by the adding-up
condition. The system of the remaining share eqoatis estimated using the FIML
estimation method. The conditions of homogeneity symmetry in output prices are
imposed during estimation while the monotonicityd aconvexity conditions are

checked after estimation. Again, for each obsewwati cell, all system variables are
multiplied by the square root of the cell size (imember of constituent farms) to

correct for heteroskedasticity as discussed inldat€hapter 5 (Section 5.4).
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An issue arises in the estimation of the revenaeeshystem that does not occur in the
estimation of the cost share system in ChapteririeeSoutput prices are not realised
when production decisions are made, the expectiedspof outputs, instead of their
actual prices, are included of the revenue shastesy In the estimation here,
broadacre farmers are assumed to have naive pgqExtations as in Ahammad and
Islam (2004), Lim and Shumway (1997), Coelli (1996n and Shumway (1992) and
Shumway and Alexander (1988). That is, these fasraez assumed to expect that the
output prices received in the current year willrbeeived in the following year. The
output prices appearing on the right-hand-side hef tevenue share equations are
therefore lagged by one period to represent thise pxpectation. In the quasi-micro
data used in this study, some lagged output praresnot available due to the
discontinuance of data cells, which resulted frowm ¢onfidentiality issue discussed in
Chapter 4 (Section 4.3). These missing prices gptaced by the average of prices
observed in the same year for all farm cells in $hene region. Due to the loss of
observations in 1990, since lagged prices are vaitadle for this year, the final data

sample used for estimation of the revenue shatemsylsas 1272 data observations.

6.3 Specification of a Restricted Normalised Quacitic Multi-Product

Revenue Function

This section consists of two broad components. flits¢ component describes the
general framework for specifying a restricted mphoduct revenue function in the
normalised quadratic functional form. The seconchponent of this section describes
the empirical implementation of specifying the res¢d normalised quadratic multi-
product revenue function for Australian broadacgeicalture using the same set of
outputs, inputs and other exogenous variables @eirspecification of the restricted
cost functions in Chapter 5.
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6.3.1 The Restricted Normalised Quadratic Multi-Poduct Revenue Function

Consider the multi-product production technologingsrariable input§x, x,, ..., X, ]

to produce outputs|y,,Y,....y,|’. Let output m be arbitrarily chosen as the

normalising factor. The normalised production rexeand the normalised prices of the
R(P, X,
( Z’ T) and p L = — pk ,
P P

k=1,2...,m-1 The restricted normalised quadratic multi-produstenue function

remaining outputs are as followsR'(P', X, Z T)=

for this production technology has the followingesihication:

R(P, X, Z T)=a, +Za x+2@ wZA 5+%ZZ% XX

+y2k2|2,6’k.pk P+ %ZZAM 4+Zk25.k B+ Ve X7
=1 I1=1 i=1 k=1 i=lg=1
m-1 v
+Zz¢kgp k Zg"'Z:OuTX"'ZQk Tldk”fzwthZg +6’T+%9 T
k=1 g=1
where Z =[z, z,, ..., z ] are fixed input quantities and other non-pricen-goantity

factors that exogenously influence production regmndT is the time trend.

6.3.2 Regularity Conditions

When specified in the normalised quadratic forne, tlual revenue function satisfies
the condition of monotonicity in output prices (Gaion R.2) if the first partial
derivatives of the normalised revenue function wepect to the normalised output
R(PW, 2 1) _
A,

k

prices are positive:

m-1 n \
+ Bap\tD a X+ $,2,+ @ T>0.
1=1 i=1 g=1

The revenue function is convex in output pricesn@ton R.3) if the Hessian matrix

of price derivatives[ﬂk|] is positive semi-definite. This dual revenue fuooti

(m=1)x( m-1)

’ Similar to the translog revenue function, theidigton between variable inputs and fixed inputs is
maintained here for the ease of referencing deipgie being no real distinction between them.
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automatically satisfies the regularity conditionlimear homogeneity in output prices
(Condition R.4) due to the normalisation procesmally, the specified revenue

function meets the symmetry conditionaf =a; , B, = 4, and A, = A,

6.3.3 The Input-Constrained Output Supplies

When the revenue function specified above satisfiegegularity conditions, a system
of input-constrained output supply equations iswéer by applying the Chain Rule and

the Samuelson-McFadden lemma as:

:Bk+213k|p|+z kx+z¢kgzg+(0tk-r k=1,2..,m-1

The supply equation for thmimeraireoutput is derived by taking the first derivativie o

the un-normalised revenue function with respethémumeraireprice:

ml ml

- =a, +ZO’X+ZA zg+%ZZaIJ)I(X+}/ZZZ’q<' A A

i=1 j=1 k=11=

L1 Az, ZﬁZZV@xyZpu T?<+Z¢’tg Tz+6, #1060, 1

g=1 h=1 i=1 g=1

6.3.4 The Net Price and Transformation Elasticitie of Output Supplies

Applying the definition of the net (input-constrad) price elasticities in Chapter 3, it
is straightforward to establish the relationshipgween the own- and cross-price
supply elasticities and the function parameterspwuprices and output quantities as:

=B, x— for k, =1, 2,....m-;

k

m-1
Em="D & for =1, 2,...m-
k=1

£ :skmxpk—xyk for k=1, 2,...,m- ;; and

mk
m
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m-1
Emm =" Emc fOr k=1, 2,..,m-_.
k=1
As shown in Chapter 3, the net Allen partial and ristama elasticities of

transformation (respectively denoted gs and 7, , with k, 1 =1, 2,....m) have the

following relationships with the price elasticitie, =% andz) =¢, - ¢, .
|

6.3.5 Empirical Implementation

When estimating a production technology presented bormalised quadratic revenue
function, the choice of theumeraireneeds to be addressed before the estimation can
be carried out. Once the decision of themeraireis made, the system of derived
output supplies, excluding the revenue function #aechumerairesupply equation due

to their excessive number of parameters, is thémated using the FIML estimation
method. There is no need to parametrically impbsehbmogeneity condition since it

is automatically enforced through the normalisatémprices. The symmetry condition

can be imposed on the system during estimatiorgysanametric restrictiong,, = 5, .

The condition of convexity can be enforced usirg @holesky factorisation technique,

which implicitly imposes S, = 8, for the symmetry condition as well. In this

decomposition, the price coefficient mat{ix;k,] Is replaced by a product of a

(m-2)X(m-1)
lower triangle matrix and its transpose is as below

a, 0 0 0 8, a, - aun— 1) ]
_ a, , 0 0 0 &, 82(m—1)
[ﬁk'](m—lv(m) o P o o - :
al(m—l) a2(m—l) o a'(rr’v-l)(r‘ﬁ- 1) 0 O s a(rﬁ 1H(m1)|
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The monotonicity condition is checked after estiorat This condition is satisfied if

the estimated quantities of outputs are positiveafioobservations.

Since each of the four outputs defined for Australibroadacre agriculture (as
described in Chapter 4) can act as the normalisicigr, four alternative output supply
systems can be derived and estimated. All fouresystare estimated using FIML,
without the revenue function and tmeimeraire’s supply equatiofy and with the
symmetry condition imposed. The best system is endsmsed on the percentage of
statistically significant price coefficients, theerpentage of positive own-price
coefficients, the percentage of significant systewefficients and the relative
practicality of calculated elasticity estimates.eTéstimation results show that Beef
price is the best choice as thameraireand thus the system of the derived supply

equations for Grains, Sheep and Wool is choseth®entire analysis in this chapter.

6.4 Empirical Results

6.4.1 Translog Revenue Share System

The estimation result of the translog revenue shgseem (including the deleted share
equation of the Wool output) in Table 13 shows gy\good fit for the system. It has
77.6 per cent of the parameters (59 out of 76)dstatistically significant at the 5%
level. At the 10% level, 82.9 per cent of systemapeeters are significant. Prices are
found to be important determinants of the reverheres of outputs, with fourteen
among sixteen price coefficients being significahthe 5% level. Moreover, all own-
price coefficients are positive and highly sigrafnt, implying that revenue share of a
product increases if there is an increase in ite gwce. In addition, in each share
equation, the coefficients of alternative priceg aegative, which indicates that

revenue share of a particular output diminishethéf price of any alternative output

increases. The system-wide McEIr& is 0.77, suggesting that the estimated system

8 When thenumeraire’sdemand equation is included, FIML method failsltain an estimation result.
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explains the observed output supplies quite welbwever, the adjustedR?of
individual equations varies broadly, from 0.48 lwe tSheep supply equation to 0.92 in

the Grains supply equation.

In contrast to the high statistical goodness-ofthe findings regarding the regularity
conditions are unsatisfactory for the estimateddi@y share system. Using the price

coefficient estimates and predicted shares, the culeed matrix

[,Bkl] lmtlemTw, N@s at least one negative eigenvalue at almosty edata

o Trem T M
observation. This result means that the convexatyddion is seriously violated. The
estimated share system also violates the monotgrcendition with the percentage of
predicted negative shares being 14.9 per cent fain§ 4.4 per cent for Sheep and 2.0
per cent for Wool.

An important finding from the estimation of thensdbog revenue share system is that
all own-price coefficient estimates are signifidgrgmaller than 0.25. These estimates
range from 0.062 (in the Grains equation) to O.(ini2he Wool equation). From the
discussion in Section 6.2.4, these results impbt there is a fairly wide range of
revenue shares where the own-price supply elassdaire negative, in contradiction to
economic theory. Using the predicted shares andhass of own-price coefficient

B, the own-price elasticities are found to be negsith 1044 observations for Grains,

757 observations for Sheep, 1015 observations éef Bnd 739 observations for Wool

(out of the total 1272 observations).

There are two causes of negative own-price eléisscifor output supplies. Some
negative own-price elasticities result from the atage predicted shares used to
calculate them. However, this contribution of negatpredicted shares to the
prevalence of negative own-price elasticities ofpat supplies is fairly small. As

presented above, the percentage of negative peddsttares is less than five per cent

for Sheep and Wool, and less than fifteen per tmmGrains. This result implies that
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the estimated own-price coefficienfs, are the major cause of the negativity of the

own-price supply elasticities.

An examination of own-price elasticity estimatesnalividual observations shows that
there is a wide range of positive revenue shareravbwn-price elasticities of output
supplies are negative. For the Grains output, whih the smallest estimate of own-
price coefficient in its supply equation, the gexted own-price elasticity is negative
when the predicted revenue share is greater tilapes.cent and less than 95 per cent.
In contrast, the own-price elasticity of Wool suppihich has the largest own-price
coefficient estimate, is negative when its revesbare is greater than 22.1 per cent.
The largest predicted share for this output is é6gent. For Sheep supply, which has
an own-price coefficient estimate of 0.084, the gwice elasticity is negative when its
revenue share greater than 9.2 per cent. The tapgedicted share for this output is
33.9 per cent. Finally, the own-price elasticityBdef supply, which has the estimated
own-price coefficient of 1.44, is negative when psedicted revenue share falls

between 17.5 per cent and 81.8 per cent.

The empirical outcome regarding the own-price sypbsticities discussed above
challenges the suitability of the translog funcéibform in the specification of the
revenue function. This empirical finding can be edido evidence of the translog’'s
poor performance found in previous studies sudd@ste Carlo experiments by Wales
(1977) and Guilkeyet al. (1983). This poor result and the acceptable resuthe

translog cost function found in Chapter 5 implytthiae suitability of the translog
functional form may depend on which among the a@stenue and profit functions is
estimated. Based on the unreasonable finding abibxe estimation results of the

translog revenue share system are not discussibefur
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6.4.2 Normalised Quadratic Supply Quantity System

The estimation result of the normalised quadratiangity system is reasonable based
on the statistical significance of system coeffitseand the system-wide McEIrdy’ .

As shown in Table 14, there are 42, out of a totdd4, statistically significant system
coefficients at the 5% level. This number is eql@mtto 77.8 per cent of the total
number of system coefficients, which increases 38 &er cent at the 10% level.
Among nine price coefficients, four are significaat the 5% level and six are
significant at the 10% level. The McElroy systentaiR? is 0.65 and the adjustéd

is 0.87, 0.49 and 0.58 for Grains, Sheep and Wgah#ons, respectively.

The result obtained for the normalised quadratiangity system is economically
meaningful. The own-price coefficient is positive all equations and statistically

significant in Grains and Sheep equations. Impdstanhe estimated price matrix

['BkI](m-l)x(m) is positive semi-definite without being paramettg imposed by the

Cholesky decomposition. This positive semi-defimées means that the condition of
convexity in output prices is naturally satisfiegg the estimated supply quantity
system. The monotonicity condition is violated wilgative quantities being predicted
at 22.6 per cent of observations for Grains, 8rxcpat for Sheep and 11.6 per cent for
Wool. This result is expected, considering the goasro nature of the data used for
estimation. The individual estimated derived supefation is now described and

discussed.
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Table 13: Translog Revenue Function—Estimated Parasters of Derived Revenue Share System

Revenue share equation

Grains Sheep Beef Wool
Coefficient Z-Statistic Coefficient Z-Statistic €fticient z-Statistic Coefficient Z-Statist
Constant 0.352 2.662 0.564 6.947 -0.722 -3.726 0.806 4.590
Grains price 0.063 24.729 -0.019 -7.285 -0.007 -1.075 -0.036 -6.922
Sheep price -0.0f9 -7.285 0.084 22.287 -0.034 -5.371 -0.031 -6.190
Beef price -0.007 -1.075 -0.034 -5.371 0.144 8.350 -0.103 -7.828
Wool price -0.038 -6.922 -0.031 -6.190 -0.103 -7.828 0.171 13.220
CSM livestock quantity -0.072 -10.950 0.007 1.843 0.078 9.267 -0.013 -1.613
FC quantity 0.016 3.223 0.018 6.133 -0.049 -9.333 0.015 3.518
Other CSM quantity 0.063 4.396 0.001 0.105 -0.139 -5.693 0.075 3.426
FOG quantity 0.066 6.334 -0.029 -4.861 0.011 0.797 -0.048 -3.725
Livestock trading quantity -0.074 -10.212 0.007 1.591 0.1204 12.772 -0.053 -6.210
Capital -0.021 -1.750 -0.038 -4.991 0.072 4.295 -0.014 -0.899
Fixed labour -0.035 -2.046 0.005 0.498 0.066 2.779 -0.036 -1.715
Dummy variable D 0.276 22.174 -0.033 -4.047 -0.063 -3.155 -0.179 -10.517
Dummy variable Z1 0.046 2.495 -0.042 -3.801 0.168 8.034 -0.172 -9.750
Dummy variable Z2 0.021 0.980 -0.047 -3.693 0.166 7.176 -0.139 -6.998
Dummy variable S1 0.166 7.411 0.002 0.121 -0.148 -4.193 -0.02 -0.610
Dummy variable S2 0.077 5.780 0.018 2.075 -0.126 -5.948 0.031 1.665
Rainfall 0.1084 7.109 -0.05 -5.305 -0.110 -5.003 0.0522 2.914
Time o.of 7.900 -0.005 -5.422 -0.003 -1.445 -0.003 -1.564
Adjusted R? 0.92 0.48 0.76 0.58

Note:

Rainfall zone, S1 = 1 when the farm size is gregtan $400,000 and S2 = 1 when the farm size isdwat $200,000 and $400,000

” Significant at the 5% level

" Significant at the 10% level

D = 1 when the farm is in the Cropping indysZ1 = 1 when the farm is in the Wheat-Sheepez@?2 = 1 when the farm is in the High



Table 14: Normalised Quadratic Revenue Function—Eg#hated Parameters of Derived Output Supply Quantity
System

Output quantity equation

Grains Sheep Wool
Coefficient Z-Statistic Coefficient z-Statistic €fticient Z-Statistic
Constant -1,7708 -4.75 569.79 4.65 1,083.05 6.78
Grains price 242.76 4.26 -75.67 -2.93 -62.62 -1.66
Sheep price -75.67 -2.93 202.38 4.90 -23.47 -0.49
Wool price -62.62 -1.66 -23.47 -0.49 59.41 0.91
CSM livestock quantity -0.06 -2.91 -0.01 -2.30 -0.03 -4.09
FC quantity 3.425 51.22 0.178 5.79 0.132 2.75
Other CSM quantity 0.333 6.22 0.088 4.27 0.353 13.12
FOG quantity 0.468 2.27 -0.461 -5.21 -1.247 -9.66
Livestock trading quantity -0.872 -3.52 -0.254 -4.51 -0.511 -7.24
Capital quantity -0.015 -5.13 0.001 1.30 0.0003 -0.17
Fixed labour quantity 0.215 0.59 -0.508 -4.61 -0.609 -3.80
Dummy variable D 767.68 4.41 -272.24 -5.83 -432.93 -6.02
Dummy variable Z1 -73.84 -0.35 -234.7 -4.19 -942.24 -12.86
Dummy variable Z2 -397.51 -1.76 -145.55 -2.50 -821.26 -10.72
Dummy variable S1 492 74 2.31 785.37 10.79 895.77 8.74
Dummy variable S2 -102.81 -0.50 44314 7.07 561.96 6.45
Rainfall 1,138.30 6.38 164.41 2.45 407.46 4.80
Time 50.74 4.06 -11.83 -2.55 -3.91 -0.63
Adjusted R? 0.87 0.49 0.58

Note: D =1 when the farm is in the Cropping indysZ1 = 1 when the farm is in the Wheat-Sheepez@?2 = 1 when the farm is in the High
Rainfall zone, S1 = 1 when the farm size is grettan $400,000 and S2 = 1 when the farm size isdwat $200,000 and $400,000

” Significant at the 5% level
Significant at the 10% level
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6.4.2.1 Supply of Grains

The estimated Grains supply equation indicatesngtyothat the level of Grains
supplied is significantly influenced by its own g&iand Sheep price. Grains supply
increases in response to an increase in the expéatains price but decreases in
response to an increase in the expected Sheep phieee is also weak evidence of the
negative relationship between Grains supply and IVWoice. Notably, the level of
Grains produced is found to be significantly linkedall variable input levels. This
output supply is negatively related to CSM live&t@nd Livestock trading quantities
and positively related FC, Other CSM and FOG qtiasti Regarding the two fixed
inputs, physical capital and operator’s labouryar@pital has a statistically significant,

negative relationship with the supply of Grains.

Among the non-price, non-quantity exogenous vaesblthe industry dummy, the
Large farm dummy, the rainfall and the time tremdiables are highly significantly in
the Grains supply equation. The estimated coefftsi®f these variables suggest that
Cropping farms produce more Grains than Livestackn§, Large farms produce more
of this output than Small and Medium farms, highanfall leads to higher Grains
production, and technical advance increases Guaioduction,ceteris paribus No
significant differences are detected between Medamd Small farms in Grains
production. Finally, there is weak evidence thatlocated in the High Rainfall zone
produce less Grains than those located in the Rhstod Wheat-Sheep zones, but no

significant difference is found between the tweeddones.

6.4.2.2 Supply of Sheep

Interestingly, the estimated Sheep supply equdatias more statistically significant
coefficients than the Grains supply equation desghie fact that it has a much lower
adjustedr?®. Based on statistical evidence, the supply of Slie@ositively influenced

by its expected price and negatively influencedtly expected Grains price. The

expected Wool price does not appear to have afisigmni effect on the supply of Sheep
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output. Moreover, all variable inputs are signifiten determining the level of Sheep
supplied. According to the coefficient estimatese&p supply is negatively related to
CSM livestock, FOG and Livestock trading input lisvehile being positively related
to FC and Other CSM levels.

Sheep supply has fairly significant relationshigthwhe other exogenous variables in
the system, based on statistical evidence. Shaqggysis significantly and negatively
related to the labour contributed by operator amdiy members, but not significantly
related to fixed capital. All qualitative dummy iasles, rainfall variable and time
trend are significant at the 5% level in the Sheapply equation. The coefficient
estimates suggest that Cropping farms produceSkssp than Livestock farms, and so
do farms in the Wheat-Sheep and High Rainfall zoo@sipared to farms in the
Pastoral zonegeteris paribus The larger a farm is and the higher the rainfglithe
more Sheep is produced. Interestingly, the estiin&teeep supply equation indicates
that the passage of time has a negative impacherSheep supply over the study

period.

6.4.2.3 Supply of Wool

Unlike the Grains and Sheep supplies, Wool supplyat significantly determined by
prices of outputs, including its own, based onigtiaal evidence. Grains price has a
weakly significant and negative relationship witie supply of Wool. The coefficients
of Wool and Sheep prices are not significant is gupply equation, even at the 10%
level. In contrast, all variable inputs are fourtd kie statistically significant in the
estimated Wool supply equation, as they are ifdtens and Sheep supply equations.
Similar to the Sheep supply response, a decreadéal supply is associated with an

increase in CSM livestock, FOG and Livestock trgdirputs.

The statistical significance and the direction lo# telationships of Wool supply with
the remaining system exogenous variables are simailéhose of the relationships of

Sheep supply with them. All of these non-price etamus variables, except for the
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fixed capital and time trend, are highly significan the Wool supply equation. The
coefficient estimates are negative for the industnd zone dummy variables and
positive for the size dummy and rainfall variabliéss noteworthy that the time trend is
found to be insignificant in this supply equationgcontrast to its strong significance in

the Sheep supply equation.

6.4.3 Net Price and Transformation Elasticities oDutput Supplies

Table 15 reports the net own- and cross-priceieiass of output supplies computed
from the estimated normalised quadratic supplyesystThe price elasticities of all
outputs are generally very low and less than hiathem are statistically significant at
the 5% level, based on their bootstrapped stanediaats. The own-price elasticity is
positive for all outputs as expected but is staddly significant only for Grains and
Sheep. The own-price elasticity estimate indictasa one per cent increase in Sheep
price triggers a 0.159 per cent increase in itplup-or Grains, a one per cent increase
in price leads to a 0.073 per cent increase insitpply, which is economically
insignificant. The own-price elasticities of Beefhda Wool supplies are not only

statistically insignificant but also small in mawe.

The cross-price elasticity estimates are negatoreafl output pairs except for the
Wool-Beef pair. For outputs, a negative cross-petasticity means a substitutive
relationship. However, the statistical insignificanof the majority of the cross-price
elasticities suggests that the supply of a broadactput is not responsive to the prices
of alternative outputs. Based on statistical ewigerthe Grains supply responds to
changes in prices of Sheep and Wool but not Beefarivihile, Sheep and Wool
supplies only respond to changes in Grains prieside their own prices. Finally, over
the short term, Beef supply is not significantlyeated by changes in the expected

prices of all outputs.
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As shown in Table 16 and Table 17, Allen partiad dMorishima elasticity estimates of
output transformation are in accord with the prétasticity estimates obtained. The
pair-wise substitutive relationships between owgpre verified by both Allen partial
and Morishima measures. However, in each of these dets of transformation
elasticities, only around half of the elasticitiase statistically significant. This low

significance suggests that there may be little scé@r transformation between
broadacre outputs.

There are significant differences between the Apartial and Morishima elasticities
of output transformation. For instance, the sulbisw relationship between Wool and
Sheep is not statistically significant by the Allgartial measure. In contrast, the
transformation relationship between these two dstps highly significant by the
Morishima measure, regardless of whether the toamsftion response is measured
with respect to Wool or Sheep price change.

According to the Morishima elasticity measure, wi@ains and Sheep prices change,
there are adjustments in the supply of all altéveabutputs. However, when Wool
price changes, there is only a significant subtstguadjustment in Sheep supply, but
not in Grains supply or Beef supply. Finally, chesdn Beef price generally do not
lead to substitutive adjustments in other outppipsies.

Table 15: Own- and Cross-Price Elasticities of Outpt Supply * "

With respect to price of
Supply for Grains Sheep Beef Wool
Grains 0.073 -0.016" -0.029 -0.023
(0.019) (0.005) (0.018) (0.009)
Sheep -0.086 0.159" -0.033 -0.035
(0.025) (0.034) (0.06) (0.048)
Beef -0.024 -0.003 0.065 —-0.0002
(0.013) (0.007) (0.045) (0.026)
Wool -0.047 -0.012 0.004 0.058
(0.021) (0.019) (0.06) (0.05)

Note: ?Medians of elasticities evaluated at all obseorafpioints
® Bootstrapping standard errors (500 trials) angarentheses

“ Significant at the 5% level

" Significant at the 10% level
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Table 16: Allen Partial Elasticities of Output Transformation °

Grains Sheep Beef Wool
Grains
Sheep -0.158

(0.045)

Beef -0.047 -0.045

(0.024) (0.087)
Wool -0.094 -0.165 -0.001

(0.04) (0.217) (0.1)

Note: ®Medians of elasticities evaluated at all obseorafioints
b Bootstrapplng standard errors (500 trials) angarentheses
Significant at the 5% level
" Significant at the 10% level

Table 17: Morishima Elasticities of Output Transformation ®

Grains Sheep Beef Wool
Grains - -0.169 -0.074 -0.073
(0.035) (0.039) (0.051)
Sheep -0.133 - -0.083 -0.094
(0.032) (0.09) (0.043)
Beef -0.087 -0.15% - -0.056
(0.017) (0.036) (0.069)
Wool -0.100 -0.174 -0.058 -
(0.028) (0.036) (0.094)

Note: @ Medlans of elasticities evaluated at all obseorafioints
Bootstrapplng standard errors (500 trials) angarentheses
Significant at the 5% level
" Significant at the 10% level

6.5 Discussion of Estimation Results

Estimation results obtained from restricted tragshod normalised quadratic revenue
functions for Australian broadacre agriculture @v&me important insights into the
empirical applicability of the duality approach. rdily, the strong statistical
significance of the results for both functional far suggests that, in the short term,
broadacre farmers appear to maximise productioren@y for given production
resources. Using the large AAGIS quasi-micro datéseestimation, the estimated
systems of derived revenue shares and quantityieggm@ave a much higher percentage

of significant coefficients than many previous $&sd including Villezca-Becerra and
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Shumway (1992), Fulginiti and Perrin (1990) and idge and Hertel (1986). Output
prices are found to be important determinants efsinpply of broadacre products with
strong statistical significance and correct sightore importantly, the regularity

condition of convexity is satisfied naturally byetlestimated supply system derived
from the normalised quadratic revenue function.sTbitcome is very encouraging
given this regularity condition has often been aietl in previous international and

Australian empirical applications.

The estimated translog revenue share system dssmayack of correspondence
between statistical fit and economic meaningfuln&kss implies that a good statistical
fit in econometric estimation does not necessarikgan that the estimated model
meaningfully portrays rational economic behavioline estimated translog revenue
share system initially appears strongly attractageindicated by the high percentage of
significant system coefficients, the high statstisignificance of almost all price
variables and having positive own-price coefficeeridlowever, the estimated model
does not satisfy the convexity and the monotonicagdition over much of the data
sample. Moreover, the own-price elasticity estimatee negative for all output
supplies in a disproportionately high percentageladervations. This result implies
that the supply curves of broadacre products avend@ard sloping instead of upward
sloping as predicted by economic theory. As disedss Section 6.4.1, the small
revenue shares for a considerable number of olg@mgaa result of the quasi-micro
nature of the data used for estimation, contribbatthis discouraging outcome, but the
main cause of this occurrence is the small mageitofl the positive own-price

coefficient estimates.

The results obtained from the normalised quadratienue function do not accord with
those from the translog revenue function. Compaoetihe translog share system, the
statistical goodness-of-fit of the normalised qadidrsupply quantity system is lower,
but still reasonable. More than three-quarters luf tsystem’s coefficients are

statistically significant at the 5% level. Usingisthifunctional form, the outcomes
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concerning the theoretical regularity conditionsd aglasticity estimates are very
satisfactory. The estimated supply system satighesconvexity condition without
artificial parametric restrictions. All estimatef avn-price elasticities are positive as
expected. The monotonicity condition is not satidfiby the estimated normalised
guadratic quantity system, but this is expectedsictaning the quasi-micro nature of

the data sample used for estimation.

The estimates of price-quantity responses obtainech the normalised quadratic
revenue function suggest that the supplies of l@mo@dproducts are fairly rigid toward
price movements in the short term. All price el@sés of output supplies are found to
be small in magnitude. A half of own-price eladigs and two-thirds of cross-price
elasticities are statistically insignificant, sugggeg that the supply of broadacre
products is generally not influenced by prices,ludimg own prices. The lack of
responsiveness in Wool supply with respect to s @rice may be an indirect
consequence of the collapse of the Wool Resenee Btheme in 1991, which led to
substantial Wool stockpiles and severe price depres motivating farmers to move
away from Wool production. Meanwhile, the inelastipply of Beef with respect to its
own price may be due to the long production cy¢léhis product. Moreover, the lack
of responsiveness in Beef supply toward all alt@veaoutput prices implies that the
production of Beef is, to a large extent, sepafeten cropping and other grazing

activities.

The estimates of price elasticities, Allen partgsticities of transformation and
Morishima elasticities of transformation generatiedm the normalised quadratic
revenue function are consistent with each othetintases of all cross-price, Allen
partial and Morishima elasticities are negativeggasting that broadacre outputs
generally compete against each other for productesources. All three of these
elasticity sets have a high proportion of statahycinsignificant elasticities, indicating
that there is little possibility for transformatiamong broadacre outputs in Australia in

the short term.
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It is not possible to verify the results obtaineoni the normalised quadratic revenue
function by means of comparison, since there hamnbeo study of Australian
agricultural production that estimates a revenuetion. Nevertheless, the sign of all
generated elasticity estimates are the same as tained in Vincergt al. (1980), in
which a profit function in the CRESH/CRETH formastimated. The price elasticities
obtained in this study are discernibly higher ththose obtained in this chapter.
However, a much smaller sample of time series ddiaerved over the period from
1952/53 to 1973/74, was used for estimation in shisly. Moreover, the output price
and quantity data used in this study were aggredgater vast geographical areas. The
functional form used in this study is also lesgifie than the normalised quadratic and
the goodness-of-fit of its estimated derived supyistem is less statistically significant
than the system estimated in this chapter. Theggest that elasticity estimates
obtained in this chapter would reflect more acalyathe production technology and
economic behaviour of Australian broadacre prodiitiean those obtained in Vincent
et al (1980).

The findings in this chapter regarding price andnsformation elasticities have
important implications within Australian broadagneduction for policy development
and farm management. The small magnitude of owd- @nss-price elasticities of
output supplies and the insignificance of the majoof price and transformation
elasticities imply that there is little possibiligf influencing supplies of broadacre
products over the short term through price intetiems. This means that farmers
generally cannot take advantage of favourable pmoeements or alleviate losses
induced by unfavourable price movements in thetdleom. Volatility in output prices,
especially due to fluctuations in exchange ratas,l@ave substantial effects on year-to-
year survival and/or profitability of farming opéms. Therefore, management of
risks created by exchange rates or market pricguétions through strategies such as
hedging and forward contracting is important in ioypng the viability of broadacre

farming in Australia.
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Chapter 7

Estimating a Restricted Multi-Product
Profit Function for Australian Broadacre
Production

7.1 Introduction

Estimation results for Australian broadacre promunctfrom restricted multi-product
cost and revenue functions were presented in thetevious chapters. In this chapter,
the results from a restricted multi-product prdfinction for Australian broadacre
production are presented. In this formulation of tiptimisation problem, broadacre
farmers are assumed to respond to price changadjbsting both inputs and outputs,
not just inputs alone or outputs alone as in theditmnal optimisation specification of
cost and revenue functions. This makes the pro@ikimisation assumption more
realistic than the cost minimisation and revenugimsation assumptions made in the
two previous chapters. This behavioural assumptidso appears to have been
preferred over cost minimisation and revenue masation in empirical applications of

the duality approach.

In this chapter, a restricted normalised quadratualti-product profit function is
specified for Australian broadacre agriculture vihle same four outputs, five variable
inputs, two fixed inputs and six other exogenousawdes included in the models

estimated in the two previous chapters. The systénunconstrained supply and
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demand equations derived from this profit functisnestimated using the available
AAGIS quasi-micro data. After the system is estedatgross price elasticities and
elasticities of input substitution and output tfansiation are calculated for all outputs
and variable inputs. Unlike Chapters 5 and 6, is thapter only the estimation results
of the profit function in the normalised quadrdtiem are presented and discussed. The
translog functional form is unsuitable for speaityithe profit function in this study
because the observed profit is small or negative dosubstantial number of
observations in the AAGIS quasi-micro data. Theuitability of the translog form in
specifying a multi-product profit function has alseen evidenced by its unpopularity
and its discouraging estimation results in pastliegiof profit functions, such as in
McKay et al. (1982, 1983), Haughton (1986) and Squires (1987).

The structure of this chapter is similar to that @hapters 5 and 6. A general
representation of the restricted normalised quadratlti-product profit function is
presented in Section 7.2. This section comprisescrigigions of the regularity
conditions, the derived input demand and outpupluequations and the gross price
elasticities and elasticities of substitution amdnsformation between inputs and
outputs. In Section 7.3 the estimation results @esented. Section 7.4 contains a
discussion of the estimation results and the elistestimates obtained. Section 7.5
then concludes the chapter with remarks and cons@nthe estimation results.

7.2 Specification of a Restricted Normalised Quaditic Multi-Product

Profit Function

This section presents a general theoretical framevior investigating production
technology through specifying a restricted muleguct profit function in the
normalised quadratic functional form. A general Imeaatical representation of this
profit function is first presented, which is folled by a description of the regularity
conditions. The section continues with the derosatof the input demand and output
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supply equations. Finally, the gross price elastigi and elasticities of input
substitution and output transformation for inputd @utputs are derived.

7.2.1 The Restricted Normalised Quadratic Multi-Poduct Profit Function

Define 7'(W"', P',Z,T), w), and p', as the variable profit, the price of input

(i=1, 2,...,n- 1) and the price of outpt (k =1, 2, ... ,m) normalised by the price

of input n: 7'(W", P, Z, T):M, W' =% and p' = P The restricted
Wﬂ Wﬂ er

normalised quadratic multi-product profit functiocan have the following

representation:

1l 1l

W, P, Z,T)= ao+Zavv+ZﬂL wZA gt 10D Y a W oW+

Iljl

%kizmﬁklplk pll+}/zzz/]ghzg%+ilzm6|k W, k+zzyigw

1=1 g=1 h=1 i=1 k=1 i=1g=1

m \ n-1 m v
+Zz¢kgplk Zg+zptiwi T+ka BT+ l//thgT+9T+%9nT2

k=1 g=1 i=1 k=1 g=1
where z, consists of the fixed capital level, fixed labdewvel, industry dummy

variable, two zone dummy variables, two size dunvagables and rainfall variable,

andT is time trend, as defined in Chapters 5 and 6.

7.2.2 Regularity Conditions

As described in Chapter 3, the regularity condgidar profit functions consist of
monotonicity in prices (Conditions P.2 and P.3)nexity in prices (Condition P.4),
linear homogeneity in prices (Condition P.5) ané tymmetry condition (twice-
continuously-differentiable assumption). For thefprfunction presented above, the
condition of monotonicity is met if the quantitieEvariable input demands and output

supplies are positive. The convexity condition iieggithat the Hessian matrix of price

coefficients[crij ﬁd is positive semi-definite. The condition of lindewmogeneity is
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automatically satisfied due to the normalisatiorogess. Finally, the symmetry

condition is metifa; =a;, B, =B, andA,, =A,,.

7.2.3 The Input Demands and Output Supplies

When the normalised quadratic profit function spediabove satisfies the regularity
conditions, applying Hotelling’s lemma leads toyatem of input demand and output

supply equations, as follows:

n-1 m \';
-x =a, +Zaij W) +Z“qK pL"’ZKg 7+ Twithi=1, 2,...,n-1
j=1 k=1 g=1

m n-1 1
Vi :ﬁk+2ﬁklp'l+2dkwi +Z¢kgzg+¢{kTW|th k=1 2,... m.
=1 i=1 g=1

7.2.4 The Gross Price and Substitution/Transformabn Elasticities

Applying the definition of gross elasticities in &ter 3 to the normalised quadratic

profit function, the gross price elasticity of damda for variable input i

W
(i=1, 2,.n-0 is & =g XY‘ with respect to price of variable inpuf

(j=1 2,..n-7),and§, =9, x P with respect to price of outplt (k =1, 2,...m).
%
Similarly, the gross price elasticities of suppfyoatputk (k =1, 2,...,m) with respect

to output | (1=1, 2,..m) and inputi (i=1 2,..n—-1) are &, :ﬁmxﬂ and
Y

k

i =0y x&, respectively (Marsh 2005).
Y

k
n-1 m n-1 m

With & ==Y & -> & and &, =-> &-D &, i=1 2,.n-landk=1, 2,..m,
= k=1 i=1 =1

WX

other gross price elasticities related to theneraireinput N are: &, = ¢, %
X,

169



Chapter 7 Multi-product Profit Function

' n-1 m
Enk:EKHX%; and §,=->¢&,-> &, (Huffman and Evenson 1989 and
i=1 k=1

Coxhead 1992).

7.3 Empirical Estimation

The restricted normalised quadratic multi-producofip function is specified for
Australian broadacre production with four outpdige variable inputs and two fixed
inputs as before. With five variable inputs, thare five alternativenumerairesand,
therefore, five alternative systems of supply aedhdnd equations derived from the
normalised quadratic profit functions using diffsréwumeraires Once a system of
input demand and output supply equations is deriaeldlitive multivariate normal
errors are added to the equations. The systemeis #stimated using the FIML
estimation method. All variables are again weightgdhe square root of the sample
size of observational cells before estimation torem for heteroskedasticity (as
explained in Chapter 4). As in the case of the mgedunction estimated in Chapter 6,
broadacre farmers are assumed to have naive pqeetations and the output prices
are lagged by one period to reflect these expecsti The estimated supply and
demand system excludes the profit function sineeRMML method fails to obtain an
estimation result when the profit function is inbéa. This supply and demand system

contains 144 parameters and is estimated with @i observations.

Regarding the regularity conditions, the system defived demand and supply
equations is constrained to satisfy the symmetnditmn by parametrically restricting

a; =a; and B, = B, . For the convexity condition, when positive serefiditeness

is imposed on the price coefficient matrix by Clséle decomposition, the estimation
of the system fails to yield a result. Therefotee system is estimated without the
imposition of this convexity condition. Meanwhildhe monotonicity condition is not

parametrically enforceable and is checked aftameasibn by examining whether the
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predicted input and output quantities are non-negdor all observations in the data

sample.

The choice of th@umeraireamong the five variable inputs is made by compggatire
estimation results of the five alternative derivegpply and demand systems. The
selection criteria are the percentage of signiticystem coefficients, the percentage of
own-price coefficients having the expected sign tedpercentage of significant price
coefficients. Based on these criteria, the resuittteined for the supply and demand
system when the FC input is themeraireare better than those obtained for alternative
supply and demand systems. The results of the igpasystem using FC as the
numeraireare therefore presented and discussed in thigahafyith thisnumeraire

the derived demand and supply system is:

4 4 8
-X =a, +Zaij W) +Zq{ p;(+2;{g z7+4 T,i=12..4and
= k=1 g=1

4 4 8
Yk :ﬁk+zlgklp'|+25ikwi +z¢kg4+@kT’ k=12..4
= = g1

where x and w'; are respectively quantities of CSM livestock, @t6&M, FOG and

Livestock trading inputs and their prices divideg BC price; y, and p', are

respectively quantities of Grains, Sheep, Beef &obl outputs and their prices
divided by FC price.

7.4 Estimation Results

7.4.1 Estimated Coefficients

The estimated parameters of the derived supply demdand system for Australian

broadacre agriculture are displayed in Table 18 §8r cent of system parameters are
significant at the 5% level and 66.7 per cent & garameters are significant at the
10% level. Of the estimated own-price coefficiemlsgight are positive as expected by

economic theory and six are statistically significat the 5% level. Less than half of
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the price coefficients (28 out of 64) are statatic significant at the 5% level,
compared to more than three-quarters of the narepvariables (i.e. fixed inputs,
qualitative dummy, rainfall and time trefldThe adjustedR?of individual supply and

demand equations varies between 0.42 and 0.8710.

Of the regularity conditions, the estimated supghygl demand system does not satisfy
the monotonicity and convexity conditions. The patage of negative predicted
guantities, at which the profit function is not nedonic, ranges from 5.4 per cent for
Sheep output to 30.2 per cent for Grains outpug. fiéquency of this violation is fairly
high for Beef (27.8 per cent), CSM livestock (2®&r cent) and Livestock trading
(24.9 per cent). With respect to the convexity c¢oon, the matrix of the price
coefficient estimates is not positive semi-definttgo out of eight eigenvalues of this

price coefficient matrix are negative.

Supply of Grains

From a statistical viewpoint, the estimated Graopply equation is reasonable. Ten
out of eighteen equation coefficients are signiftcat the 5% level. Surprisingly, the
estimated supply equation suggests that Graindysigopot determined by its expected
own price. Beef price is not found to have a sigaift effect on Grains supply,
suggesting that production decisions concerninginSraropping and Beef cattle
grazing may be separate from each other. Grainplgup, however, significantly

influenced by Sheep and Wool prices. Increasesh@sd two output prices would

° The high percentage of significant qualitative doynvariables in the estimated system suggeststthat
is worthwhile to estimate a separate supply andaehsystem for each broadacre industry, each
broadacre zone and each operation size. Howeegdtimation results obtained are very poor fos¢he
supply and demand systems, which is likely duensufficient sample sizes given the large number of
coefficients to be estimated.

9 Due to the large number of equations and obsemnain the estimated supply and demand system, the

McElroy system-wideR? cannot be computed for this system. This is bexaifighe inability of the
Eviews software to carry out the inversion of géamatrix, whose dimensions are the number of syste
equations and the number of data observationshiegtan the computation.
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reduce Grains supply. With respect to broadacratsphere is weak evidence that an
increase in Livestock trading price is associat@tl an increase in Grains production.
The prices of all other variable inputs, i.e. CPMdstock, Other CSM and FOG, do

not influence Grains supply, based on statisticalence.

The estimated Grains supply equation shows thain&isupply is more significantly
related to non-price factors than to the pricedmfadacre inputs and outputs. The
relationship between Grains supply and total figagdital is highly significant. Greater
supply of Grains is associated with increased ahpitvestmentceteris paribus No
statistical evidence was found to support a sigarft relationship between Grains
supply and fixed labour. The equation coefficieotsall other exogenous variables,
except the time trend, are highly significant. Thisong significance suggests that
production specialisation, geographical locatiord gmoduction scale all influence
Grains supply. The estimated results also suggesthigher rainfall enhances Grains
production considerably, other things being fix&thally, the insignificance of the
time trend in this supply equation suggests thahrelogical progress has no

significant influence on Grains production over 11890-2005 period.

Supply of Sheep

The goodness-of-fit of the estimated Sheep supgplon is comparable to that of the
Grains supply equation. The Sheep supply equatksritie same number of significant
coefficients as the Grains supply equation. Howewuadike Grains supply, Sheep
supply is found to be significantly and positivatypacted by its expected price, which
is in accordance with economic theory. Moreovereeph supply is also strongly
determined by the expected prices of Grains and. Beeincrease in these expected
prices would reduce Sheep production. Meanwhile, gstimation outcome suggests

that Sheep production is not significantly relatedVool price.
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Table 18: Estimated Parameters of System of Suppbnd Demand Quantity Equations Derived from Normaligd Quadratic

Profit Function

Constant
Grains price
Sheep price

Beef price
Wool price

CMS livestock price
Other CSM price
FOG price
Livestock trading price
Capital
Fixed labour
Dummy variable D
Dummy variable Z1
Dummy variable Z2
Dummy variable S1
Dummy variable S2
Rainfall
Time

Adjusted R®

Output supply and input demand equasio

Grains Sheep Beef Wool
Coefficient z-Statistic Coefficient z-Statistic €fticient  z-Statistic  Coefficient z-Statistic
-2,851.3 -4.66 684.13 4.53 2,568.6 3.46 1,483.8 6.77
179.92 1.44 -84.9 -3.34 -145.95 -1.39 -91.84 -2.32
-8479 -3.34 272.41 4.73 -157.52 -2.71 -42.93 -0.74
-145.95 -1.39 -15752 -2.71 943.78 2.98 -256.14 -2.69
-91.84 -2.32 -42.93 -0.74 -256.14 -2.69 33.64 0.42
204.12 1.51 242772 2.50 -1414.3 -3.68 619.99 4.81
63.29 1.36 -59.25 -0.73 -187.55 -1.76 -138.55 -1.59
9.73 1.27 -26.57 -1.47 9.71 0.45 -0.92 .050
25.43 1.70 6.94 0.36 -112.74 -2.73 19.12 0.78
-0.02 -4.04 0.001 1.20 0.06 10.13 0.01 3.15
-0.69 -0.98 -0.59 -4.40 -0.95 -1.09 -0.92 -4.17
2,6336 10.37 -173.21 -3.56 -1,432%4 -4.21 -283.71 -3.56
1,3543 4.12 -72.11 -1.20 -2,5141  -7.92 -782.51 -9.51
93473 2.56 26.48 0.44 -3,109.0 -8.06 -684.15 -7.90
411778 13.54 900.39 10.62 534.21 1.09 1,175.5 8.85
880.3 2.68 466.7 5.94 -113.28 -0.26 617.96 5.07
1,673.0 5.58 95.45 1.26 75.94 0.21 247784 2.30
-5.71 -0.28 -28.53 -3.91 126.43 4.50 -43.81 -4.71
0.69 0.46 0.54 0.52

Note:

D =1 when the farm is in the Cropping indysZ1 = 1 when the farm is in the Wheat-Sheep z@8e= 1 when the farm is in the High Rainfall zpne

S1 =1 when the farm size is greater than $400e@@0S2 = 1 when the farm size is between $200,66(%400,000
"~ Significant at the 5% level
" Significant at the 10% level



Table 18 (continued): Estimated Parameters of Syste of Supply and Demand Quantity Equations Derivedriom Normalised
Quadratic Profit Function

Output supply and input demand equations
CMS-Livestock Other CSM Fuel, oil and grease Livek trading
Coefficient Z-Statistic Coefficient  z-Statistic €fticient z-Statistic  Coefficient z-Statistic
Constant -3,1768 -2.59 -2,058.0 -6.35 -217.2 -3.04 -2238 -2.52
Grains price 204.12 1.51 63.29 1.36 9.73 1.27 25.43 1.70
Sheep price 242.72 2.50 -59.25 -0.73 -26.57 -1.47 6.94 0.36
Beef price -1,41473 -3.68 -187.55 -1.76 9.71 0.45 -112.74 -2.73
Wool price 619.99 4.81 -138.55 -1.59 -0.92 -0.05 19.12 0.78
CMS livestock price 2,13377 3.31 225.58 1.36 84.05 3.21 57.56 1.16
Other CSM price 225.58 1.36 1,01827  2.66 -63.2 -0.59 82.41 2.56
FOG price 84.05 3.21 -63.2 -0.59 136.41 4.04 27.57 3.30
Livestock trading price 57.56 1.16 82741 2.56 27.57 3.30 25.48 2.35
Capital -0.08 -9.08 -0.04 -30.14 -0.004 -11.80 -0.01 -8.86
Fixed labour 3.14 2.82 0.77 3.06 -0.13 -3.21 -0.15 -1.39
Dummy variable D 1,59171 3.63 -362.55 -4.27 -129.14 -9.22 199.13 4.90
Dummy variable Z1 1,192°8 2.52 705.29 6.53 44.23 2.44 407.48 11.48
Dummy variable Z2 2,130.2 3.65 1,166.68 10.62 127.56 6.74 443.97 10.32
Dummy variable S1 -1,268.7 -1.93 -1,757.4 -15.18 -245.72 -12.40 -85.61 -1.45
Dummy variable S2 -340.37 -0.47 -42427 -3.55 -57.67 -3.20 17.45 0.41
Rainfall 121.72 0.19 -74.8 -0.56 -64.1 -3.16 -94.86 -2.39
Time -94.7 -2.07 42.74 3.11 9.25 3.56 -19.78 -4.57
Adjusted R’ 0.42 0.87 0.81 0.60

Note: D =1 when the farm is in the Cropping indyusf1 = 1 when the farm is in the Wheat-Sheep z@8e= 1 when the farm is in the High Rainfall zpne
S1 =1 when the farm size is greater than $400e@@0S2 = 1 when the farm size is between $200,663%400,000

"~ Significant at the 5% level

" Significant at the 10% level
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Regarding the variable inputs, there is strongssiedl evidence that CSM livestock
price has a significant and positive relationshighvEheep supply. The prices of all
other variable inputs are not found to be signiftbarelated to Sheep supply. The level
of Sheep production also does not appear to haign#icant link with fixed capital.

However, sheep output supply is found to be sigaifily and negatively related to the

labour input of the operator and family membegseris paribus

The estimation results show that Sheep supplyigadisant relationships with several
other exogenous variables. The negativity andssiedi significance of the industry
dummy variable suggests that, other things beixgdfi farms that focus on cropping
generally produce less Sheep than those focusinlivestock grazing. No evidence
was detected to support the hypothesis that theresignificant differences among
farms located in different production zones. Rdir#dso appears to have no significant
impact on Sheep supply. Meanwhile, production sealéound to be an important
factor influencing Sheep production; the largernarf is, the greater the Sheep supply
is. Finally, the estimated supply equation indisateat Sheep supply decreases with the
passage of time.

Supply of Beef

Compared to the estimated Grains and Sheep supigtiens, more variables are

found to be statistically significant in the estiexh Beef supply equation. The number
of significant price coefficients indicates Beefpply is more responsive to price

changes than all other output supply and input aeinBeef supply seems to respond
well and positively to changes in its expected @rithis output supply is negatively

affected by an increase in the expected pricesheef and Wool as expected. Grains
price appears to have no significant influence eefBupply.

Both livestock-related variable inputs CSM lives#tand Livestock trading appear to

play a significant role in Beef production. An irese in these input prices is
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associated with a reduction in Beef supply. Theaotwf changes in Other CSM price
on Beef supply is found to be weakly significantediwhile, FOG input price is not
found to have a significant influence on Beef sypph relation to fixed inputs, Beef
supply is positively associated with the level bfygical capital but not with the level

of fixed labour input.

Statistical evidence suggests that Beef suppligigfgcantly affected by several factors
that are unrelated to production inputs and outgtasms that concentrate on cropping
activities produce less Beef output than farms twatcentrate on grazing activities,
other things being equal. Further, farms in thehHRpinfall zone generally produce
less Beef than farms in the Wheat-Sheep zone, whit¢hrn produce less Beef than
farms in the Pastoral zone. In addition, Beef sypptreases with the passage of time
over the period from 1990 to 2005. In contrastsigmificant effects on Beef supply of

production scale and rainfall level are found ie #stimated Beef supply equation.

Supply of Wool

The estimated Wool supply equation has the highaestber of statistically significant
coefficients when compared to other output supplyagions. However, this estimated
supply equation indicates that Wool production &ddefault’ nature. The own-price
coefficient is not statistically significant in thsupply equation, suggesting that Wool
supply is not responsive to its expected pricerduthe period studied. In contrast,
Wool supply appears to be significantly influendsdthe prices of Grains and Beef
outputs. Higher price of these alternative outpmtaild lead to lower Wool supply.
Moreover, Wool supply is not significantly affectédy changes in the price of any
variable input except CSM livestock. The relatidpdhetween Wool supply and CSM
livestock price is found to be positive. In contrts variable inputs, both fixed inputs
are statistically significant in the Wool supplyuadgion. The level of Wool produced is
positively associated with physical capital levet megatively associated with fixed
labour quantity.
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All non-price, non-quantity exogenous variablestie system are found to have
significant effects on Wool supply. When other gsnare fixed, Cropping farms
produce less Wool than Livestock farms; farms m Wheat-Sheep zone produce less
Wool than those in the High Rainfall zone, whichtum produce less Wool than those
in the Pastoral zone. Also, the larger the farra,rttore Wool produced; the higher the

rainfall, the more Wool produced; and Wool suppgrtases with the passage of time.

Demand for Contracts, Services and Materials faelstock

The demand for the CSM livestock input is foundb® more responsive to price
signals than all other output supplies and inpmaleds. The own-price coefficient of
this input demand equation is highly significantl gositive as expected (note that in
Table 18, the left-hand side of each of the inmrhdnd equations is the negative of the
guantity). The demand for CSM livestock is consiliiesignificantly related to the
prices of all livestock outputs (i.e. Sheep, Bead &V/ool). The higher the Beef price,
the higher the demand for the CSM livestock ingddwever, an increase in the
expected price of Sheep or Wool generally causesdaction in demand for CSM
livestock. The coefficient of Grains price is stétially insignificant in this demand

equation, which is reasonable.

Regarding the variable inputs, the demand for CSWstock is found to be

significantly related to FOG price, but not to Qtl@&SM or Livestock trading prices.

An increase in FOG price would generally lead tdegrease in demand for CSM
livestock. Meanwhile, both fixed inputs (physicap@al, and operator and family
members’ labour) are significantly related to tleen@nd for the CSM livestock input.
An increase in capital investment is associatedh \&it increase in demand for CSM
livestock demand. In contrast, the more devotedojperator and family are in their

farming operation, the lower the demand for CSMdiwock is.

The demand for CSM livestock is influenced by mamon-price and non-quantity

exogenous factors, based on statistical evidenogong the qualitative variables, the
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coefficient of the industry dummy variable is siggantly positive, implying that
Cropping farms have lower demand for CSM livesttithn Livestock farms, other
things being equal. Both zone dummy variables aositipe and statistically
significant. The magnitudes of the coefficientstludse two variables suggest that the
demand for CSM livestock input is highest for farmghe Pastoral zone and lowest
for farms in the High Rainfall zone. Regarding @temal scale, there is weak
evidence supporting the existence of differencesvéen large farms and farms of
other sizes in the way CSM livestock is utilisedheTlarger a farm is, the higher its
demand for CSM livestock is, other things beingefix Statistical evidence also
indicates that rainfall does not have a significafiect on CSM livestock demand.
Finally, demand for CSM livestock is found to inase with the passage of time over
the 1990-2005 period.

Demand for Other Contracts, Services and Materials

The estimated demand equation for Other CSM inpditates that this input demand
is responsive to its own price. An increase in thput price would lead to a decrease
in its own demand as expected. The estimationttdsalvever, shows that Other CSM
demand is fairly unresponsive to movements in tieep of alternative variable inputs
and all outputs. In this input demand equation,yohivestock trading price is

significant at the 5% level and Beef price at th&llevel. According to the estimated
coefficients, Other CSM demand decreases when tiee pf Livestock trading

increases, but increases when expected Beef paoeases.

In contrast to the low statistical significance tbe price variables, all non-price
exogenous variables, except rainfall, are highgyidicant in the estimated equation of
Other CSM demand. Growth in capital investmentssoaiated with increased demand
for the Other CSM input. However, the increasedoimement of the operator and
family members in production is linked with decrehisdlemand for the Other CSM
input. The estimation results also suggest thap@ing farms generally have higher

demand for Other CSM than Livestock farms with shene characteristics in all other
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aspects. The demand for this input is lower fomfain the Pastoral zone compared to
farms in the Wheat-Sheep and High Rainfall zond® &stimated demand equation
also indicates that the larger a farm is, the highats demand for the Other CSM
input, ceteris paribusFinally, the passage of time appears to havegative impact on
demand for Other CSM.

Demand for Fuel, Oil and Grease

The number of significant coefficients in the dechaguation for the aggregate FOG
input ranks among the highest across all supplydamdand equations in the estimated
system. The quantity of FOG is found to be sigaifity related to its own price in the

expected direction. However, the estimated equatidicates that the demand for FOG
is not significantly influenced by the price of abyoadacre output. In contrast, the
demand for FOG is significantly affected by chanme€SM livestock and Livestock

trading prices. An increase in these two input gmiavould be associated with a

decrease in demand for FOG.

In contrast to the low significance of price vates) demand for FOG is significantly
influenced by all non-price exogenous variablesuidhed in the estimated system. Both
fixed input quantities are positively related te tjuantity of FOG demanded. Cropping
farms have higher demand for this input than Lieelstfarms, other things being equal.
The demand for FOG input also increases with operascale. Considering

geographical location, farms in the High Rainfalhe demand less of FOG input than
farms in the Wheat-Sheep zone, which demand leshi®finput than farms in the

Pastoral zone. Furthermore, the higher rainfalleapp to imply higher demand for
FOG. Lastly, it is indicated that FOG demand isategly related to the passage of

time.
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Demand for Livestock Trading

The estimated supply and demand system signified prices are significant

determinants of demand for the Livestock tradinguin The quantity of Livestock

trading demanded is negatively influenced by itsqwice as expected. This input
demand also responds positively to changes in ¢ésgd8eef price. There is weak
evidence supporting a negative relationship betwherdemand for Livestock trading
and the expected Grains price. Regarding the Mariaputs, demand for the Livestock
trading input is found to be strongly and negativellated to the prices of Other CSM
and FOG inputs.

Many of the non-price exogenous variables includedhe system are found to
significantly influence demand for the Livestoclading input. Based on statistical
evidence, fixed capital has a positive relationswigh Livestock trading demand.
There are also significant differences in demamndttics input between farms having
different production focuses and operation scal#her things being equal, Cropping
farms demand less of the Livestock trading inpanthivestock farms while farms in
the Pastoral zone demand more of this input themdan the Wheat-Sheep and High
Rainfall zones. An increase in rainfall appearshéwve a positive influence on the

demand for Livestock trading, as does the passhijme.

7.4.2 Gross Own- and Cross-Price Elasticities ohput Demands and Output

Supplies

The gross price elasticities of output supply andut demand generated from the
estimated quantity system are shown in Table 18. dlasticity estimates obtained are
generally small in magnitude, suggesting that suppbroadacre outputs and demand
for broadacre inputs are not elastic to price cban@espite having small absolute

values, approximately 60 per cent of all price ttéges are significant at the 5% level.
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All nine own-price elasticities have the correarsi being positive for outputs and
negative for inputs. The own-price elasticity ighly significant for seven (out of nine)
inputs and outputs, being Sheep, Beef, CSM livést&€, Other CSM, FOG and
Livestock trading. In addition, the own-price eleisy of Grains supply has a p-value
of 0.051, implying that Grains supply is probabhfluenced by its own price. The
own-price elasticity of Wool supply is statistigalhsignificant, in accordance with the
insignificance of the own-price coefficient in tlestimated supply equation of this

output.

Regarding the cross-price adjustments of broadactputs and inputs, pair-wise
relationships between outputs are found to be aabbp All these pair-wise elasticities
of output supply are negative. This result implthat broadacre outputs are gross
substitutes. Moreover, two-thirds of these crossepsupply elasticities are highly
significant. At the 10% level, cross-price supplgsticities between Grains and Beef
are also significant. Regarding the magnitude @f ¢hoss-price responses between
outputs, the supply elasticities of Sheep and Waeith respect to Beef price are
highest, being around 0.30, and are highly staiyi significant. These elasticities
mean that if expected Beef price increases by éercent, Sheep and Wool production
decreases by approximately three per cent. ShedpWaol production, however,
respond very differently to changes in the expegtiéck of Grains. A ten per cent rise
in Grains price will only induce a one per centess reduction in the supply of these

two outputs.

Similar to the pair-wise elasticities between otgpthe adjustment in an input demand
with respect to the price of another input is gatigismall in magnitude. However, the
cross-price quantity adjustments of input pairs e statistically significant and
vary more greatly in terms of direction than thoseutput pairs. Sixteen of the twenty
cross-price elasticities between inputs are sieaiy significant at the 5% level. Half
of these input-input pair-wise elasticities are ateg (implying complementary

relationships) while the other half are positivaglying substitutive relationships).
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Table 19 also displays the elasticities of outpugpdies with respect to input prices
(right upper corner) and the elasticities of indamands with respect to output prices
(left lower corner). These cross-price elasticita@s less statistically significant than
the cross-price output-output and input-input &dsts discussed above. Less than
half of these input-output elasticities (seventeen of 40) are significant at the 5%
level. It is noteworthy that when the price of t88M livestock input increases, the
supply of Sheep and Wool increases but the sugpBeef decreases. Demand for the
CSM livestock and Livestock trading inputs increasgnile demand for FC decreases

if the expected price of Beef increases.

7.4.3 Gross Elasticities of Substitution and Trarfsrmation

The estimates of gross Allen partial elasticitiégransformation and substitution are
reported in Table 20. All six output-output trarrsf@tion relationships are negative,
suggesting that they are gross substitutes. Thafoianation relationships of Sheep -
Grains, Sheep - Beef, Wool - Grains and Wool - Beefs are statistically significant
at the 5% level. On the input side, most inputsadse substitutes. Among the input-
input substitution relationships, those of the FO@SC Livestock, Livestock trading -
MSC Livestock, Livestock trading - FOG, Livestodading - Other MSC, MSC
Livestock - FC and FC - Livestock trading pairs statistically significant. The FOG -
Other MSC and FC - Other CSM relationships are dempntary but statistically

insignificant.

The estimates obtained for Allen partial elas&streveal some interesting input-output
relationships in broadacre farming. Only ten outtleése twenty relationships are
statistically significant. An increase in Beef puation is found to be associated with
an increase in the usage of all inputs except feedtock trading. Meanwhile, Grains
production has negative relationships with the am®of CSM livestock, FOG and FC
inputs but no significant relationships with Ot@8M and Livestock trading inputs.
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Increases in Wool production appear to requireae®i®M livestock and FO inputs but
an increase in Sheep production appears to hagegniicant impact on the quantities

of all variable inputs except CSM livestock.

The estimates of the gross Morishima elasticitiesamsformation and substitution are
displayed in Table 21. Compared to Allen partiakétities, Morishima elasticities are
more often statistically significant. Forty-six thfe seventy-two (equivalent to 63.9 per
cent) pair-wise relationships are significant at th% level. The estimates of
Morishima elasticities are generally in line withleh partial estimates regarding the
direction of the relationships. In terms of outprainsformability, eight out of twelve
Morishima elasticity estimates are statisticallgngicant and all Morishima estimates
except one are negative. These results suggesbribatiacre outputs compete against
each other for resources regardless of which oyppige changes. The substitutive
responses between Grains and Sheep and betweenaBdeBheep are strongly
significant, regardless of which output price chesmgThe transformation elasticity

between Beef and Grains is found to be positivealsd statistically insignificant.

The Morishima elasticity estimates for pairs ofighle inputs have the expected signs.
Two-thirds of these twenty elasticities are stetadly significant. All except one of
these elasticities are negative, indicating thatallacre inputs are substitutes as
suggested by the Allen partial measure. The comgheany relationship found for
FOG input with respect to Livestock trading inpw statistically insignificant.
Interestingly, the substitution adjustments in cesge to changes in FOG price are
significant for all other variable inputs. In coextt, changes in Livestock trading price

do not appear to cause any significant substitiamong inputs.

The Morishima elasticity for an output with respéctan input is positive for all
outputs. This implies that an increase in an inpide causes a larger percentage-wise
decrease in that input’s demand than the increiisemuses in output supplies (see

discussion in Chapter 3, Section 3.3.3). Moreottaree quarters of these elasticity
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estimates are highly significant. It is notablettNrishima estimates of Beef supply
with respect to CSM livestock, Livestock tradingda®C are not statistically

significant.

Most Morishima elasticity estimates of input demavith respect to output supply are
negative. This outcome implies that when therenisnarease in an output price, the
increase in that output’s supply is generally large percentage, than the resulted
increases in demand for all inputs. Notably, a geaim the expected price of Sheep
significantly influences the demand of all variablguts while a change in the
expected price of Wool has no significant effect tbe demand for most variable
inputs.
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Table 19: Own- and Cross-Price Elasticities of Supgp and Demand® °
With respect to price of
Contracts, Other
services &  Fertilisers  contracts,
Supply of and demang materials for and services & Fuel, oil  Livestock
for Grains Sheep Beef Wool livestock chemicals materials & grease trading
Grains 0.037 -0.011" -0.040 -0.021" 0.035 -0.02 0.015 0.002" 0.009"
(0.019) (0.003) (0.022) (0.008) (0.019) (0.019) .0(®) (0.001) (0.004)
Sheep -0.107 0.246 -0.287 -0.070 0.265 0.064 -0.081 -0.036  0.018
(0.027) (0.043) (0.082) (0.067) (0.071) (0.122) .o@1) (0.019) (0.038)
Beef -0.036 -0.026 0.350° -0.084" -0.301" 0.217 -0.052 0.003 -0.062
(0.019) (0.008) (0.071) (0.022) (0.051) (0.057) .022) (0.004) (0.014)
Wool -0.074 -0.024 -0.296 0.036 0.416 0.025 -0.12% -0.001 0.035
(0.025) (0.023) (0.078) (0.066) (0.063) (0.09) 06). (0.012) (0.031)
Contracts, services &
materials for livestock -0.054  -0.047 0.579 -0.228 -0.509" 0.37 -0.07f" -0.025  -0.032
(0.029) (0.012) (0.099) (0.035) (0.093) (0.088)  .08%) (0.007) (0.018)
Fertilisers and
chemicals 0.023 -0.001 -0.321  -0.015 0.286 -0.517 0.335 0.062" 0.064"
(0.024) (0.013) (0.093) (0.025) (0.072) (0.171) .06 (0.023) (0.026)
Other contracts,
services & materials -0.028 0.016 0.117 0.079" -0.087 0.449 -0.487 0.029 -0.084
(0.017) (0.018) (0.049) (0.039) (0.039) (0.13) 168R) (0.035) (0.025)
Fuel, oil & grease -0.024 0.041 -0.033 0.003 -0.170 0.527 0.171 -0.331 -0.138
(0.016) (0.023) (0.048) (0.043) (0.046) (0.186)  .2(@) (0.059) (0.028)
Livestock trading -0.046 -0.009 0.323 -0.047 -0.094 0.230° -0.179° -0.057" -0.099
(0.021) (0.019) (0.076) (0.042) (0.051) (0.091) .06B) (0.012) (0.028)

Note:

& Medians of elasticities evaluated at all obseorafioints

® Bootstrapping standard errors (500 trials) angarentheses
Significant at the 5% level
" Significant at the 10% level
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Table 20: Allen Partial Elasticities of Substitution and Transformation ®°

Contracts, Other
services &  contracts, Fertilisers
materials for services & Fuel, oil & Livestock and
Grains Sheep Beef Wool livestock materials grease trading  chemicals
Grains
Sheep -0.076
(0.006)
Beef -0.003 -0.027
(0.002) (0.008)
Wool -0.026 -0.038 -0.027
(0.007) (0.036) (0.007)
Contracts, services &
materials for livestock| -0.006 -0.048 0.127 -0.081"
(0.003) (0.014) (0.02) (0.014)
Other contracts,
services & materials 0.003 0.004 0.074 0.002 0.086
(0.003) (0.003) (0.021) (0.003) (0.025)
Fuel, oil & grease -0.006 0.03 0.0 0.043 0.013 -0.005
(0.003) (0.032) (0.005) (0.021) (0.007) (0.013)
Livestock trading -0.005 0.077 -0.004 0.002 0.034 0.001 -0.054
(0.003) (0.041) (0.005) (0.026) (0.01) (0.017)  06T)
Fertilisers and
chemicals -0.00% -0.011 0.066 -0.019 0.034 0.050° 0.042" 0.094"
(0.004) (0.021) (0.017) (0.016) (0.017) (0.023)  .0(®) (0.021)
Note: ?Medians of elasticities evaluated at all obseorafioints

® Bootstrapping standard errors (500 trials) angarentheses
Significant at the 5% level
Significant at the 10% level
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7.5 Discussion of Estimation Results

The estimated system of supply and demand equatieriged from the restricted
normalised quadratic multi-product profit functior Australian broadacre agriculture
is reasonable, from both statistical and economintp of view. Compared to previous
studies of profit functions, the estimated systersansible with 63.2 per cent of system
coefficients being significant at the 5% level. Ftpercentage is higher than that
achieved in similar studies such as Shumway andahieer (1988), Shumwast al.
(1988), Moschini (1988) and Fulginiti and Perri®9D). Using annual data from 1951
to 1982, Shumway and Alexander estimated restrictexnalised quadratic profit
functions for ten production regions in the Unitttes. The percentage of significant
coefficients of the estimated derived supply anchaled systems ranges from 27 per
cent to 48 per cent for these ten regions. Theepéage of significant system
coefficients is 42 per cent in Shumway al. (1988) and 57.8 per cent in Moschini
(1988), despite the fact that aggregate data aed tx model estimation in these
studies.

The failure to meet the monotonicity and convexityditions for the estimated profit
function in this chapter is a result common to matydies of normalised quadratic
profit functions. Examples of these studies are nSkay (1983), Huffman and

Evenson (1989), Fisher and Wall (1990), Coxhea®Z1@%nd Ahammad and Islam
(2004). In particular, when Fisher and Wall (19@8}imated normalised quadratic
profit functions for three broadacre zones in Aaiglr the monotonicity condition was
violated for the Pastoral zone despite their useagdregate zone-state data for
estimation. Meanwhile, in the quasi-micro datasstdufor estimation in this study,

there are a large number of observations wherelieerved output supplies, especially

Grains supply, are zero or small. This data fealibkgty contributes to the significant
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Table 21: Morishima Elasticities of Substitution aml Transformation ®°

Contracts, Other
services &  contracts, Fertilisers
materials for services & Fuel, oil  Livestock and
Grains Sheep Beef Wool livestock materials & grease trading  chemicals
Grains - -0.245 -0.353  -0.046 0.425 0.465 0.49" 0.333 0.088
(0.042)  (0.075)  (0.062) (0.092) (0.158) (0.154) 0.06) (0.028)
Sheep -0.118 - -0.689 -0.110 0.786" 0.551 0.347 0.268 0.116"
(0.028) (0.126)  (0.064) (0.114) (0.175) (0.184) 0.066) (0.035)
Beef 0.005  -0.252 - -0.113 0.049 0.136 0.409 0.331 0.02
(0.021) (0.04) (0.062) (0.046) (0.107) (0.162)  .0@) (0.019)
Wool -0.092 -0.270° -0.644 - 0.906 0.514 0.3 0.329 0.125
(0.027)  (0.038)  (0.113) (0.105) (0.143) (0.163) 0.062) (0.025)
Contracts, materials &
services for livestock | -0.046  -0.284" 0.061  -0.259 - 0.100 0.370 0.347 0.060
(0.027)  (0.042)  (0.063)  (0.067) (0.086) (0.162) 0.063) (0.033)
Other contracts,
services & materials | 0.005  -0.244 -0.09 -0.049 0.176 - 0.605 0.359 0.076
(0.022)  (0.038)  (0.079)  (0.062) (0.096) (0.179) 0.064) (0.027)
Fuel, oil & grease -0.057 -0.214 -0.248 0.027 0.42 0.713 - 0.363 0.028
(0.018)  (0.051) (0.07) (0.067) (0.092) (0.201) .005) (0.029)
Livestock trading -0.056 -0.172° -0.382° -0.032 0.268 0.850" 0.657 - -0.025
(0.019) (0.05) (0.081)  (0.081) (0.102) (0.178)  3@) (0.043)
Fertilisers and
chemicals -0.017 -0.242 -0.073  -0.081 0.375 0.245 0.199 0.341 -
(0.024)  (0.038)  (0.041)  (0.053) (0.112) (0.114) .14%) (0.087)

Note: ?Medians of elasticities evaluated at all obseorafioints
® Bootstrapping standard errors (500 trials) angarentheses

" Significant at the 5% level
Significant at the 10% level
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proportion of negative supply and demand quantigesdicted from the estimated

supply and demand system.

The result that the convexity condition is not & by the estimated profit function
is surprising given the satisfaction of the curvatconditions by the estimated
normalised quadratic cost function in Chapter 5 &ydthe estimated normalised
guadratic revenue function in Chapter 6. This omtea@ontradicts the finding in Fisher
and Wall's (1990) that the convexity condition fmléiowever, only two out of eight
eigenvalues of the matrix of the estimated priceffatents are negative. This suggests
that the violation of the convexity condition magtre so severe. Moreover, all eight
own-price coefficients have the correct signs,cating that the derived supply curves
are upward sloping and the derived demand cunesi@avnward sloping as predicted
by economic theory. Six of these own-price coediits are also statistically significant
at the 5% level. This result is substantially mereouraging compared to that in
Ahammad and Islam (2004). In their study of broadagricultural production in the
state of Western Australian, the estimated ownepdoefficient is negative in two
estimated supply and demand equations. Moreovenpsil all of the own-price
coefficients of their estimated supply and demaystesn are insignificant at the 5%

level.

The failure to impose the convexity condition oga firofit function using the Cholesky
decomposition in this chapter contrasts with mamgvious duality applications.
Shumwayet al. (1988), Shumway and Alexander (1988), Dupont ()98blson and
Shumway (1992) and Marsh (2005) successfully imppdbes condition by means of
parametric restrictions. The failure to impose ¢bavexity condition in this chapter is
surprising when considering the fact that only twud of the eight eigenvalues of the
matrix of the estimated unrestricted price coedfits are negative. It is possible that
the convexity condition demands too much on thesigodcro dataset used for
estimation in this study. In contrast, as pointetlloy Coxhead (1992), the imposition
of this regularity condition by parametric restiocts is only practically possible by

forcing some cross-price coefficients to be zerbiclv has no economic justification.
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Moreover, the estimated unconstrained system ofdiémrved supply and demand
equations portrays reasonably well rational supplg demand behaviour, as shown by
the correct sign and statistical significance @& thwn-price coefficients as well as by
the positiveness of the majority of the eigenvalakthe price matrix. Therefore, the
failure to impose the convexity condition may be&sidered as not seriously violating

the assumption of profit maximisation for broaddarmners in Australia.

In contrast to the less conclusive findings regaydihe regularity conditions, the
estimated model of Australian broadacre producersetes sensible measures of
price responsiveness for output supply and inpatadel. Six out of the eight own-
price supply and demand elasticities are statifticsignificant at the 5% level.
Another own-price elasticity (of Grains supply)atso significant at the 5.5 per cent
level. All the own-price elasticity estimates obed are in line with economic
expectations, being positive for output supplied aagative for input demands. They
are also within the range of elasticity estimatdgamed in previous studies of
Australian agricultural production, supporting thiew that broadacre production in
Australia is fairly rigid in the short term. Forsitance, the estimate of the own-price
elasticity for Wool supply is 0.037 in this studihis value is almost identical to the
value of 0.04 obtained by Fisher and Wall (1990)tfe Wheat-Sheep zone. The own-
price elasticity estimate is 0.35 for Beef suppiythis chapter, compared to the 0.11—
0.43 range for the three broadacre zones in FishérWall's study. While the own-
price elasticity estimate of 0.25 for Sheep supplyhis chapter is lower than those
obtained in Fisher and Wall (1990) and much higian the long-run estimate of
0.041 in Coelli's (1996) study, it is very closetiie estimate obtained in Vincegital.
(1980) for the Wheat-Sheep zone. An exception & dbnformity of the elasticity
estimates obtained in this chapter to the previeiudies’ estimates is the own-price
elasticity estimate of Grains supply. This estim&esignificantly lower than in
previous studies, regardless of the geographicakrege and whether the profit

function is specified for the short run or the long.

The estimated system of derived supply and demgodt®ns suggests that there is

little scope for substitution among broadacre ismrid outputs in Australia. More than
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half of all pair-wise relationships are statistigaignificant, for both Allen partial and
Morishima measures of transformation and subsbiutAll output-output and input-
input relationships are found to be substitutivetiie short term. This finding is
consistent with findings from previous studies afséralian broadacre production such
as Vincentet al. (1980) and Agbola and Harrison (2005).

The relatively higher significance of non-price npguantity exogenous variables in the
estimated supply and demand system implies thae thee significant differences in
the operation of farms across broadacre industiresdacre zones and operation sizes.
Rainfall is found to have a significant positivdeet on Grains and Wool production
but not on Sheep and Beef production. Meanwhile, time trend is found to have
significant relationships with all broadacre outgupplies and input demands except
Grains supply. With time, the supply of Beef ané temand for livestock-related
inputs increase, while the supply of Sheep and Wietreases. The common
interpretation of the time trend as representimgdisembodied effects of technological
progress may not be appropriate in this studys lpiobably more appropriate to
interpret this finding as a result of the generahd over the study period in favour of
beef grazing in Australia to meet increasing demé&wodn overseas markets. The
decline in the supply of Wool and Sheep supply mesylt from the dismantlement of
government support for the wool industry via thedMerice Scheme, which collapsed
in 1991.

7.6 Summary

In this chapter, the results of estimating a retgd normalised quadratic multi-product
profit function for Australian broadacre producti@re presented. The restricted
normalised quadratic profit function is specified the same set of five variable inputs,
four outputs, two fixed inputs and six other exagenvariables as in Chapters 5 and 6.
The system of the supply and demand equationseteifmom this profit function is

estimated with the symmetry and homogeneity coomstiimposed using the quasi-
micro AAGIS data available. The estimated supplyd atemand system has a
reasonable statistical goodness-of-fit. This systéwever, does not satisfy the
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regularity conditions of monotonicity and convexityprices. It is also not possible to

impose the convexity condition on the system up@@metric restrictions.

Despite the violation of the convexity conditiohgtprofit maximisation assumption
may still be appropriate in Australian broadacredpiction. The violation of the
convexity condition is not serious and may be duthé quasi-micro nature of the data
used for estimation. All own-price coefficients tine estimated supply and demand
system have correct signs, implying that outpuipap are upward-sloping and input
demands are downward-sloping as expected by econtbmory. Most of these own-
price coefficients are also statistically signifita Moreover, all gross own-price
elasticities of supply and demand are found to rbdirie with rational economic

behaviour.

The estimates of gross price elasticities obtafraa the estimated supply and demand
system suggest that broadacre production in Austrslfairly unresponsive to price

signals in the short term. In this chapter, nonéhefoutput supplies or input demands
are found to be responsive to price changes. Thldans that the effectiveness of
government policies designed to influence the sumbland demand for broadacre
outputs and inputs through intervening market grieell be low. Many of the

elasticities are statistically significant, whichplies that over the short term, broadacre
farmers try to take advantage of positive price ements or eliminate any adverse

effects of negative price movements.

The findings regarding the Allen partial and Moish elasticities of substitution and
transformation obtained from the restricted norssli quadratic profit function are
encouraging. More than half of these elasticities statistically significant. The
estimates of these two elasticity measures sughastll broadacre outputs are gross

substitutes of each other as are all broadacreasnpu

The results indicate that production operationgedi$ignificantly between broadacre
zones, sizes and industries. This finding implileat tit is worthwhile investigating

production technology separately for each broadamee, production size and
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industry. Given the large systems of derived suplgg demand equations, obtaining a
reliable research result in such an investigatemuires a much larger dataset than the
guasi-micro dataset available for this study.
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Chapter 8

The Estimated Cost, Revenue and Profit
Functions of Australian Broadacre
Production Contrasted

8.1 Introduction

In the three preceding chapters, estimation resoitéustralian broadacre production
under cost minimisation, revenue maximisation amafippmaximisation assumptions

were presented and discussed. Profit maximisatgssuraption appears to be more
readily accepted by researchers than cost minimoisaand revenue maximisation
assumptions. However, the failure of the estimatgstem of supply and demand
equations derived from the profit function to méet curvature condition, as discussed
in Chapter 7, raises doubts about the applicabitify the profit maximisation

assumption to Australian broadacre production.dntmast, the curvature condition is
automatically satisfied in the estimation resulfstioe normalised quadratic cost
function in Chapter 5 and the normalised quadregienue function in Chapter 6.
These findings suggest that assuming cost minimisaind revenue maximisation may
be more appropriate for Australian broadacre probdndhan the profit maximisation

assumption.

In this chapter, the estimation results from themadised quadratic cost, revenue and
profit functions obtained in Chapters 5, 6 and & @ntrasted. Only the results from
the normalised quadratic functional form are disedssince the results from the
translog revenue and profit functions are eitheravailable or unreasonable.
Contrasting results is only possible between cost profit functions and between
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revenue and profit functions. Estimation resultnfrthe cost and revenue functions
cannot be contrasted since the former concernstbelynputs and the latter concerns

only the outputs.

The contrast in this chapter covers three aspdctieoestimation results. The three
result sets from the three dual objective functiaresfirst assessed with regard to their
statistical goodness-of-fit. Although these resualts not strictly comparable to one
another, since the estimated systems have diffeemilogenous variables, their
explanatory power may provide insights into the rappateness of the assumption
made about the economic behaviour of Australiaradaore farmers. The degree to
which each of the three result sets conforms to@tic theory is then contrasted.
Conformation is based on satisfaction of the themakregularity conditions by the
estimated system of derived demand and/or supphe fet elasticity estimates
obtained from the cost and revenue functions aedjtbss elasticity estimates obtained
from the profit function, while not directly compdre, should appropriately portray
rational economic behaviour as demonstrated by éh€hatelier-Samuelson principle
explained later in the chapter. Finally, estimatésthe comparablecompensated
elasticities of input demand and output supply ioleh from the estimated profit
function are compared to the corresponding nemeséis obtained from the cost and

revenue functions.

The main body of this chapter is organised intor feactions. In Section 8.2, the
goodness-of-fit of the estimated systems of the atemand/or supply equations
derived from the cost, revenue and profit functiofts Australian broadacre

production, as presented in Chapters 5, 6 anceanrtrasted. Section 8.3 follows with
a discussion on whether and to what degree to wihielresults from the three dual
functions appropriately describe the rational eeoico behaviour assumed for
Australian broadacre farmers. In Section 8.4, thnmates of price elasticities and
elasticities of substitution and/or transformatabtained from the three dual functions
are contrasted. This section includes a discussiowhether the estimation results in
Chapters 5, 6 and 7 follow the Le Chatelier-Sanarefsinciple. Section 8.5 concludes

this chapter with findings about economic behavimiuAustralian broadacre farmers.
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8.2 Goodness-of-fit of Estimation Results Contrast

The goodness-of-fit measures of the estimated dérogiand supply systems derived
from the normalised quadratic cost, revenue anfitgumctions in the three previous
chapters are displayed in Table 22. The six measuresented are more in line with
each other for the estimated cost function thanHemrevenue and profit functions. The
cost function also has the highest percentagegoifgiant price coefficients at the 5%
level. Moreover, the cost function model explaingsgistently well the demand for all
included variable inputs (excluding themerairg, with the adjustedR® ranging from
0.78 to 0.91 for the individual derived demand digus. In contrast, the adjusterf
fluctuates over a large range for equations inguantity systems derived from the
revenue and profit functions. The adjust®d varies between 0.49 and 0.87 in the
system of supply equations derived from the revenuetion and between 0.42 and

0.87 in the system of supply and demand equatierigedi from the profit function.

Regarding input demand, the estimation results filoencost and profit functions are
fairly consistent with each other. The own-priceefficient is statistically significant

and has the correct sign in all estimated equatdmsput demand derived from these
two dual functions. At the 5% level, the numbesighificant input prices is the same
in the two systems. Out of sixteen price coeffitseonly four change sign between the

two systems.

With respect to output supply, modelling resultairthe revenue and profit functions
agree well with each other. All coefficients of fmalised) output prices in the
estimated supply equations derived from these twal dunctions are positive as
expected. Both estimated systems consistently stugpat Sheep supply responds
significantly and positively to its own price whil@ool supply does not. Both systems
also indicate that Sheep price does not have gmfisant impact on Wool supply and
vice versa. One noteworthy difference between weedystem results is the influence
of Grains price on its own supply. Grains pricenigantly influences its supply in the
revenue function’s result but not in the profit étion’s result. The likely cause of this
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difference is that these two systems have diffeneimieraires being Beef price in the
revenue function case and FC price in the profitfion case.

Table 22: The Goodness-of-fit of Three Restricted dfmalised Quadratic Dual

Functions
Goodness-of-fit measure Cost function Ejen\::?igl:]e Profit function
Percentage of significant system 61.1% 77 8% 63.20
coefficients at 5% level
Percentage of significant system o o o
coefficients at 10% level 70.8% 83.3% 66.7%
Percentage of significant price coefficients 62.5% 44 4% 43.8%
at 5% level
Percentage of significant price coefficients 75 0% 66.7% 50.0%
at 10% level
Adjusted R?*for individual equations 0.78-0.91 0.49-0.87 0.42 - 0.87
System McElroyR? 0.85 0.65 Not available

8.3 Theoretical Regularity Conditions Contrasted

For the underlying economic behavioural assumptmrhold, a set of regularity
conditions should be satisfied by each of the es®oh systems of supply and/or
demand equations derived from the cost, revenue @nét functions. The key
regularity conditions consist of homogeneity, syrtijpanonotonicity and curvature in
input and output prices. Homogeneity and symmetrnyddions were imposed during
estimation for all three dual functions while mamatity and curvature conditions

were checked after estimation.

The monotonicity condition is violated in all threesult sets and is most seriously
violated in the case of the profit function. As simoin Table 23, the percentage of data
points at which the monotonicity condition is vid (i.e. when a predicted input or

output quantity is negative) is considerable forttalee dual functions. The pattern of
violation of this regularity condition is similarmeng the three models. CSM livestock
and Livestock trading inputs have high percentdgeegative predicted quantities for

both cost and profit functions. Similarly, Graingply has the highest percentage of
negative predicted quantities, followed by Wool @ypand then Sheep supply, in

results from the revenue and profit functions.
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Table 23: Monotonicity Condition — Percentage of Ngative Predicted Supply
and Demand Quantities

Supply and demand Dual function
quantity Cost Revenue Profit
Grains 22.6% 30.2%
Sheep 8.5% 5.4%
Wool 11.6% 9.7%
Contracts, services &
materials for livestock 13.0% 23.5%
Other contracts, services
& materials 5.7% 6.4%
Fuel, oil & grease 6.1% 7.2%
Livestock trading 11.1% 24.9%

All three dual functions achieve better results tfoe curvature condition than for the
monotonicity condition. The matrix of the estimajaice coefficients of the demand
system derived from the cost function is negatiedinite, implying that the cost

function specified for Australian broadacre agricté satisfies the concavity condition.
The revenue function specified for Australian bimae agriculture also satisfies the
convexity condition, implied by the positive defamess of the estimated price matrix
of the system of supply equations derived from thial function. Unlike the cost and
revenue functions, the convexity condition is natisied by the estimated system of
supply and demand equations derived from the pfofittion. This estimated system
does not have a positive semidefinite price coieffic matrix, with two out of eight

eigenvalues being negative. An attempt to imposstige semidefiniteness on this
price coefficient matrix via parametric restrictioalso failed to yield an estimation
result. These findings may suggest that the pnadiximisation assumption may be less
suitable in describing Australian broadacre productthan cost minimisation or

revenue maximisation assumptions.

Despite failing to meet the convexity conditionsults from the profit function indicate
that Australian broadacre farmers’ economic behavi® generally rational. All supply
and demand curves derived from this dual functianehthe expected slopes with

respect to their own prices, being upward slopiog dutput supply and downward
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sloping for input demand. Moreover, only two outtbe eight eigenvalues of the
estimated price matrix of the supply and demandesysderived from the profit

function are negative. These two outcomes sugfestthe violation of the convexity

condition is not too severe and that the violatiaay be due to the use of quasi-micro
farm data and national input price indices for raation as discussed in Chapter 7
(Section 7.5). These outcomes, and the satisfaestignation results from the cost and
revenue functions regarding the curvature condjtiogicate that Australian broadacre

farmers generally are rational economic agents.

8.4 The Estimated Elasticities Contrasted and Congred

The elasticity estimates obtained in Chapters &né 7 are generated under different
assumptions regarding the optimisation behavioukustralian broadacre farmers and
regarding the set of variables being exogenousxdogenous. The elasticity estimates
in these three result sets are therefore of diften®tions, as explained in Chapter 3,
and cannot be directly compared meaningfully. Tlastities obtained from the cost

and revenue functions are net (conditional or corepted) measures while those
obtained from the profit function are gross (undbadal or uncompensated)

measures. It is possible for a pair of inputs amtghuats to be classified as substitutes by

the net measure but as complements by the grossunee@ertoletti 2005).

8.4.1 The Le Chatelier-Samuelson Principle

The own- and cross-price elasticities of input dednabtained from the cost and profit
functions, despite not being comparable with eattterp are fairly similar to each

other. As shown in Table 24, all net and gross pwee elasticities of input demand
are negative. Only six out of twenty cross-pricasgtity estimates change sign
between the two result sets (Table 25). The nedtielty estimates from the cost
function are generally higher than the correspapdjross estimates from the profit
function. For instance, demand for the Fertilisensl Chemicals input is elastic with
respect to own price and to the price of Other At by the net measure but not by

the gross measure.
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The net and gross price elasticities of output Bupptained from the revenue and
profit functions exhibit high degree of similarithAs shown in Table 24, own-price
elasticities of output supply from these two duaidtions are positive. Table 26 shows
that all cross-price elasticity estimates but ooendt change sign between the net and
gross elasticity sets. In both result sets, thetieity estimates are smaller than 0.5,
indicating that output supply is not responsiveptiwe change in the short run. The
gross price elasticity estimates obtained from ghadit function are generally higher
than the corresponding net estimates obtained themevenue function. For instance,
the elasticities of Beef supply with respect toatsn price and with respect to Sheep
and Wool prices are less than 0.1 when generated the revenue function but are

approximately 0.3 when generated from the profiction.

Table 24: Own-price Elasticity Estimates from ThreeDual Functions?

Own-price elasticity of supply and demang Dual function
Cost Revenue Profit

Grains 0.073 0.037

Sheep 0.159 0.246"

Beef 0.065 0.350
Wool 0.058 0.036

Contracts, services & materials for livestock -@43 -0.509
Fertilisers and chemicals -1.756 -0.51%

Other contracts, services & materials -0.796 -0.487
Fuel, oil & grease -0.531 -0.331

Livestock trading -0.078 -0.099

Note: * Medians of elasticities evaluated at all obseorafoints
Significant at 5% level
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Table 25: Cross-price Elasticities of Input Demand:
Net Estimates from Cost Function and Gross Estimatefrom Profit Function 2

With respect to price of

Contracts, services & Fertilisers and Other contracts,
materials for livestock chemicals services & materials Fuel, oil & grease Livesto@ding
Cost Profit Cost Profit Cost Profit Cost Profit Cost Profit

Demand for function  function | function  function | function  function | function  function | function  function

Contracts, services &

materials for livestock 0.491 0.370° -0.130 -0.071 | -0.051° -0.02% 0.060° -0.032
Fertilisers and chemicals 0.391 0.286 1.030° 0.335 0.037 0.062 -0.009 0.064
Other contracts, services &
materials -0.068 -0.082 0.787 0.449 0.083 0.029 0.001 -0.084
Fuel, oil & grease -0.157 -0.170' 0.197 0.527 0.525 0.171 -0.031 -0.138
Livestock trading 0.152 -0.094 -0.055 0.230 0.006 -0.179| -0.026°  -0.057

Note: *Medians of elasticities evaluated at all observagioints
Significant at 5% level

Table 26: Cross-price Elasticities of Output Supply
Net Estimates from Revenue Function and Gross Estiates from Profit Function @

With respect to price of
Grains Sheep Beef Wool
Supply of Reve_nue Profit Reve_nue Profit Reve_nue Profit Reve_nue Prof_it
function function function function function function | function  function
Grains -0.016  -0.011 -0.029 -0.040 | -0.023 -0.021
Sheep -0.086  -0.107 -0.033 -0.282 | -0.035 -0.070
Beef -0.024 -0.036 -0.003 -0.026 -0.0002 -0.084
Wool -0.047 -0.074 -0.012 -0.024 0.004 -0.296

Note: ?Medians of elasticities evaluated at all obseorafioints
Significant at 5% level
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Although the net and gross elasticity estimatesiobtl from the three dual functions
specified in Chapters 5, 6 and 7 cannot be dirempijmpared with each other in a
meaningful manner, there are some theoretical ¢apecss regarding their relative
magnitudes. The net elasticities of demand and Igupiptained from the cost and
revenue functions can be related to the grossietaes obtained from the profit
function by decomposing the impact of a price cleaimjo substitution and expansion
effects (Lopez 1984 and Chambers 1988). The reistiips between the net and gross
elasticities demonstrate a form of the Le Chateéli@muelson principle. According to
this principle, for the multi-product case, the epnice elasticities of derived input
demand obtained from the cost function, i.e. undetput-constrained profit
maximisation, should be smaller, in absolute valban those obtained from the profit
function, i.e. under output-unconstrained profitxmasation (Chambers 1988, pages
105 and 275-276). Similarly, the own-price elasigsi of output supply derived from
the profit function should be larger than the cgpending elasticities of output supply
derived from the revenue function. In other wordsce the constraint of output or
variable input quantities being fixed is removéw turves of input demand and output
supply derived from the profit function are expectéo be steeper than the

corresponding curves derived from the cost andmexdunctions.

The net and gross price elasticities obtained fostralian broadacre production from
the cost and profit functions are consistent whih described Le Chatelier-Samuelson
principle only for CSM livestock and Livestock trad inputs. The absolute values of
own-price elasticities of FC, Other CSM and FOGuiispare higher from the cost
function than from the profit function (see Tabld).2This inconsistency is also
exhibited in results obtained by McKayal. (1983) and McKat al. (1980) when the
own-price elasticities of the variable inputs ird#d in their models (namely, labour,
and materials and services) are compared. The owe-plasticity estimates of these
two inputs from the profit function (McKagt al. 1983) have much smaller absolute
values than those from the cost function (Mckeawl. 1980).

Since reported elasticities are the medians oftielss calculated at all data sample

points, the comparison above may not be accuratein8pection of the elasticity
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estimates at each data observation point shows theatLe Chatelier-Samuelson
principle holds at 894 (out of 1272) data points@&M livestock input and at 988 data
points for Livestock trading input. For the FC inpthe Le Chatelier-Samuelson
principle holds at 501 data points, which contragith a serious violation when the
medians of the net and gross own-price elastiGtyrates of this input are compared.
Finally, the number of data points at which theQleatelier-Samuelson principle holds
is 95 and 112 for Other CSM and FOG inputs, respeagt

Similar to input demand, the net and gross ownepei@sticity estimates obtained for
output supply do not conform to the Le Chateliem8alson principle. As shown in
Table 24, the gross own-price elasticity is higtieem the corresponding net elasticity
only for Beef supply and Sheep supply. The oppasifeund for the supply of Grains
and Wool. An inspection of elasticity estimatescaidted at each sample point reveals
that the Le Chatelier-Samuelson principle is camfed to at 995 data points for Sheep
supply and 893 data points for Beef supply. For @rains and Wool supply, this

theoretical expectation is met at 423 and 239 plaitats, respectively.

The failure of the estimation results from the caswvenue and profit functions to
conform to the Le Chatelier-Samuelson principle barattributed to the failure of the
profit function to satisfy the convexity conditi@escribed in Chapter 7. This assertion
is based on the fact that the Le Chatelier-Samuogbsmciple is a consequence of the
concavity of the cost function and the convexitytloé revenue and profit functions
(Chambers 1988). Therefore, the violation of thevexity condition by the estimated
profit function appears to be serious, despitddiredegree of severity of the violation

as explained in Section 8.3.

The failure of the three dual functions to confotmnthe Le Chatelier-Samuelson
principle may suggest the proposition that the ipmoBximisation assumption is less
suitable for Australian broadacre production thla@ tost minimisation and revenue
maximisation assumptions. Among the three resul, gbe profit function has the
lowest percentage of significant price coefficier(fBable 22) and violates the

monotonicity condition most frequently (Table 23)nile failing to satisfy the
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convexity condition. This poorer result from thefirfunction is potentially due to the
tendency of producers to make separate productimices for crops and livestock
production due to popular deployment of the leyation practice, as suggested by
Reynolds and Gardiner (1980). Furthermore, accgrtbnFisher and Munro (1983), it
takes wool growers in New South Wales three yearsignificantly restructure their
enterprise combinations. This implies that adjustisien output mixture required for
revenue or profit maximisation are long-run. Anmxaation of the quasi-micro dataset
in this study shows that the revenue shares ofn&raind Beef outputs have a
correlation coefficient of —-0.69, sensibly suggegtithat if a broadacre farm is
significantly engaged in cropping activities, itnist likely to carry out significant Beef
production. Moreover, these two outputs do notuerfice the supply of the other, as
indicated by the insignificance of their priceseach other's supply equation derived
from the profit function (Chapter 7). The reventmares of Grains and Wool outputs
have a correlation coefficient of —0.5, suggestimgt production decisions concerning
these two outputs are possibly made independerittys possible separation in
production decisions is also supported by the figdthat Wool price is weakly

significant in the Grains supply equation deriveahi the revenue function.

The independent decision-making in cropping andesliock grazing activities
discussed above implies that the restricted revémoetion specified in Chapter 6 is
not appropriate for Australian broadacre productlaand and other capital inputs have
lumpy nature and are normally fixed during typigaloduction cycles. For an
individual farm, the fixity of land and the deplogmt of a fixed rotation regime
together imply that, in the short run, output levedre, to a certain extent,
predetermined. The allocation of available lancduese to different outputs over the
long-run is determined by the rotation systems setbpy farmers. This means that, in
the short run, farmers do not maximise productievenue received from crops and
livestock. This is possibly the reason why the eetage of significant price
coefficients is much lower for the revenue functitman for the cost function.
Furthermore, this probably explains why the mayooit price elasticities obtained from
the estimated revenue function are statisticakbygmificant. Finally, as a consequence

of this decision-making process, all price elas@siof output supply are significantly
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smaller than those of input demand, regardlesshather they are obtained from the

revenue or profit functions.

The results discussed above may imply that Austrabroadacre farmers focus on
minimising production costs in the short run. listis the case, demand for production
factors could be expected to be more responsipeite change than output supply, an
outcome which is supported by the results fromdbst and profit functions. In the
short run, the cost minimisation assumption app&ab® more consistent with features
peculiar to Australian broadacre agriculture thia® tevenue maximisation and profit
maximisation assumptions. Broadacre productionuigiest to the irreversibility of
large capital investments as well as uncertainty uexogenous changes in weather
conditions and unpredicted international commogitges. Other aspects of production
operation such as income stability, disease cqntfiolancial constraints, risks
preferences, and the maintenance and improvemetiteolong-term productivity of
natural resources, can cause farmers to deviateregenue and profit maximisation in
the short run. Broadacre agricultural productiotas long-term capital investment in
different broadacre enterprises. Once investmenisibas are made, the mixture of
products for subsequent production cycles is iratfpredetermined, thereby reducing
short-run production flexibility. Farmers are lilggb be risk averse (Beal 1996), which
implies that farmers, although being opportunisdi® inclined to follow their long-run
risk management strategies, instead of short-rynsadents for revenue or profit
maximisation. Furthermore, Agbola and Harrison &0@und that farmers require a
period of more than two years to adjust sheep atiecnumbers. This implies that
farmers cannot maximise their profit or revenuehimita time period shorter than two
years. Such a long-run decision-making processuti4product broadacre farming is
probably the reason why the cost minimisation aggiom has the best estimation
results in this study and why short-run price ét#gts are generally very small for the

supply of broadacre products.
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8.4.2 The Net andCompensatedPrice Elasticities Compared

After the system of input demand and output sugplyations derived from the profit
function is estimated, the system parameter estgnand the predicted demand and
supply quantities are used to calculate tmenpensatedprice elasticities of input
demand and supply using the response decompositibopez (1984), (see equations
3.14 and 3.15 in Chapter 3). Thempensateelasticity estimates obtained from the
estimated system of input demand and output sugphved from the normalized
quadratic profit function are presented in Tables &d 28, along with the
corresponding net elasticities obtained from th& eod revenue functions in Chapter 5
and 6. As shown in Table 27, tkempensatectlasticity estimates of input demand
obtained the profit function correspond fairly welith the net elasticity estimates
obtained from the cost function. Only four out oftsen compensategrice-demand
elasticities have different signs to correspondiegy elasticities. Interestingly, the net
measures of these four price-demand relationsblgajned from the cost function, are
statistically insignificant. Additionally, theompensate@wn-price elasticity of CSM
livestock and theompensateelasticity of FG with respect to Other CMS price a
significantly lower than the corresponding net etagses obtained from the cost
function.

In contrast to the similarity theompensategrice elasticities display, in terms of the
direction of substitution relationships, the stated significance of the derived

compensateelasticities are significantly lower compared e et price elasticities.

Only five of the twenty-fivecompensatee@lasticities are statistically significant at the
5% level while seventeen of the net elasticities statistically significant at the 5%

level.

With regard to output supply, the comparabtenpensategbrice elasticities obtained
from the profit function describe fairly differeprice responses compared to the net
elasticities obtained from the revenue function. gkown in Table 28, six out of
sixteen compensatedelasticities derived from the profit function diff in sign
compared to the net elasticities from the revenuactfon. Among these six
compensateélasticities are the own-price elasticities of Baed Wool, both of which
are found to be negative. Two otlmmpensate@lasticities that have different signs
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compared to corresponding net elasticities aresepose elasticities with respect to
Beef price. Similar to input demand, net measufebase price-supply relationships,
obtained from the revenue function, are statidyicalsignificant. Furthermore, the
magnitudes of theompensatedutput supply elasticities are generally highantkheir
corresponding net elasticities.

A notable feature of theompensateélasticity estimates is their much higher standard
errors in comparison to those for the net elagtiestimates from the cost and revenue
function settings. Allcompensatectlasticities obtained from the profit function are
statistically insignificant and many of the stardlarrors of these elasticities are very
high. There appears to be some correspondence dretthe compensatedand net
elasticities in terms of the magnitude of standartbrs. Among thecompensated
elasticities that have the largest standard emoesthose with respect to Beef price.
Separately, the net price elasticities with resgecBeef price estimated from the
revenue function are all statistically insignifitan

The relatively larger standard errorsamimpensategrice elasticities derived from the
profit function setting are somewhat intuitive. the case of input demands, they are
specific to output mix produced, thus conditionittgem on farm specific output
guantities as in the case of cost function setnkely to achieve better statistical fit
and hence lower standard errors. In contrast, wihis exogeneity of output supply is
relaxed in the profit function setting, the nonnfiaspecific input prices as explanatory
variables are likely to have much less explanapmwer. Another way of looking at
the likely causes is the inversion of the estimaigde matrix required in calculating
these compensatedorice elasticities (see equations 3.14 and 3.1Xlapter 3).
Because inversion of a matrix is a nonlinear trammsétion, small changes in the
estimated price coefficients can result in vergéachanges in elasticities, and hence
large standard errors. The consequences of ingeatimatrix on standard errors was
highlighted by Binswanger (1974a) as an advantdfgredl by the duality approach
over the primal approach since when the primal @ggr is used, calculating the
substitution/transformation elasticities requireserrting the matrix of the estimated
production function coefficients.
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Table 27: Net andCompensatedPrice Elasticities of Input Demand from Cost and Fofit Functions ®°

With respect to price of

Contracts, services & Fertilisers & Other contracts,
materials for livestock chemicals services & materials Fuel, oil & grease Livesto@ding
Cost Profit Cost Profit Cost Profit Cost Profit Cost Profit
Demand for function function | function | function | function function function function | function function
Contracts, materials &
services for livestock -0.431 -0.038 0.491 | -0.065 -0.13 0.066 -0.051 -0.028 0.06 0.067
(0.123) (0.712) (0.124) (0.501) (0.076) (0.419) (0.014) (0.037 (0023 (0.092)
Fertilisers and chemicals 0.391 -0.046 | -1.756" | -0.402 1.03 0.370 0.037 0.062 -0.009 0.009
(0.108) (0.36) (0.198) (0.45) (0.167) (0.256) (0.034) (0.03) (0.011) (0.032)
Other contracts, services &
materials -0.068 0.075 0.782 | 0.506 -0.796  -0.529 0.083 0.030 0.001 -0.065
(0.041) (0.506) (0.118) (0.388) (0.143) (0.503) (0.031) (0.052 (0009 (0.106)
Fuel, oil & grease -0.157  -0.192 0.197 0.522 0.525 0.178 -0.531 -0.325 | -0.031 -0.139
(0.046) (0.259) (0.166) (0.261) (0.197) (0.316) (0.048) (0.064 (0009 (0.054)
Livestock trading 0.152 0.194 -0.055|  0.040 0.006 -0.139 -0.:026 -0.057 -0.078 -0.046
(0.061) (0.269) (0.071) (0.135) (0.04) (0.213) (0.008) (0.022 (0.017) (0.064)

Note:

#Medians of elasticities evaluated at all observagioints

® Bootstrapping standard errors (500 trials) anedrentheses
Significant at 5% level



Table 28: Net andCompensatedPrice Elasticities of Output Supply from Revenue ad Profit Functions °

With respect to price of
Grains Sheep Beef Wool

Revenue Profit Revenue Profit Revenue Profit Revenue  Profit
Supply of function function function function function function | function  function
Grains 0.073 0.028 -0.016" -0.017 -0.029 0.032 -0.023" -0.043
(0.019) (0.199) | (0.005) (0.232) (0.018)  (0.766) | (0.009)  (0.294)

Sheep -0.086" -0.161 0.159" 0.177 -0.033 0.287 -0.035 -0.306
(0.025) (2.33) (0.034) (3.28) (0.06) (9.904) | (0.048) (3.962)

Beef -0.024 0.028 -0.003 0.026 0.065 -0.272 | -0.0002 0.129
(0.013) (0.671) | (0.007) (0.825) (0.045)  (4.271) | (0.026)  (1.981)

Wool -0.047" -0.147 -0.012 -0.107 0.004 0.454 0.058 -0.293
(0.021) (1.03) (0.019) (1.358) (0.06) (6.924) | (0.05)  (3.652)

@ Medians of elasticities evaluated at all obseorafioints
b Bootstrapping standard errors (500 trials) anedrentheses
Significant at 5% level

Note:
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8.4.3 Allen Partial Elasticities of Substitution ad Transformation Contrasted

and Compared

A contrast of result sets from Chapters 5, 6 amr@véals that the input substitution
relationships described by Allen partial elastegtdiffer significantly between net and
gross measures obtained from the cost and profdtions. As shown in Tables 29 and
30, six out of ten Allen partial elasticity estiraatfor inputs change sign between the
net and gross result sets from these two dual fumetIn contrast, estimates of net and
gross Allen partial elasticities of output transhation obtained from the revenue and
profit functions are negative, a result which sgignsuggests that broadacre outputs

are substitutes of one another.

The compensatedAllen partial elasticities of input substitutionndx output
transformation are presented in Table 31 and 3gawith the net Allen patrtial
elasticities obtained from the cost and revenuetfans. As shown, theompensated
elasticity estimates are significantly smaller iragnitudes compared to the net
elasticities. A majority of theseompensateelasticities are smaller than 0.05. Almost
all compensatedAllen partial elasticities of substitution and risformation are

statistically insignificant.

211



Table 29: Allen Partial Elasticities of Substitutian:
Net Estimates from Cost Function and Gross Estimatefrom Profit Function 2

Contracts, services & Fertilisers and Other contracts,
materials for livestock chemicals services & materials Fuel, oil & grease Livestock trading
Cost Profit Cost Profit Cost Profit Cost Profit Cost Profit
Input function function function function function  function | function function | function  function
Contracts, services &
materials for livestock
Fertilisers and
chemicals 0.551 0.086°
Other contracts,
services & materials -0.242 0.013 1.694 -0.005
Fuel, oil & grease -0.598  0.034 0.332 0.001 0.975 -0.054
Livestock trading 0.384 0.034 -0.163 0.050 0.012 0.042 | -0.306°  0.094
#Medians of elasticities evaluated at all obseorafioints
™ Significant at 5% level
Table 30: Allen Partial Elasticities of Transformaton:
Net Estimates from Revenue Function and Gross Estiates from Profit Function ?
Grains Sheep Beef Wool
Revenue Profit Revenue Profit Revenue Profit Revenue Profit
Output function function function function function function function function
Grains
Sheep -0.158  -0.026'
Beef -0.047 -0.003 -0.045 -0.027
Wool -0.094 -0.020° -0.165 -0.038 -0.001 -0.027
& Medians of elasticities evaluated at all obseorafioints
™ Significant at 5% level




Table 31: Net andCompensatedllen Partial Elasticities of Input Substitution from Cost and Profit Functions® ®

Contracts, services & Fertilisers & Other contracts,
materials for livestock chemicals services & materials Fuel, oil & grease Livestogding
Cost Profit Cost Profit Cost Profit Cost Profit Cost Profit
Input function function | function | function | function  function function function | function function
Contracts, materials &
services for livestock
Fertilisers and chemicals 0.551 -0.011
(0.25) (0.122)
Other contracts, services &
materials -0.242 -0.012 1.694** -0.006
(0.142) (0.083) (0.318 (0.02)
Fuel, oil & grease -0.598  0.038 0.332 0.001 0.975* -0.056
(0.165) (0.052) (0.353 (0.018 (0.371) (0.2)
Livestock trading 0.384 -0.069 -0.163 0.004 0.012 0.032 -0.306** 0.09%
(0.153) (0.094) (0.153 (0.03) (0.153) (0.051) 0.163) (0.037)

Note:

#Medians of elasticities evaluated at all observagioints

® Bootstrapping standard errors (500 trials) anearentheses
” Significant at 5% level




Table 32: Net andCompensatedllen Partial Elasticities of Output Transformation from Revenue and Profit Functions™ "

Grains Sheep Beef Wool
Revenue Profit Revenue Profit Revenue Profit Revenue Profit
Output function function function function function function | function  function
Grains
Sheep -0.158 -0.039
(0.045) (0.504)
Beef -0.047" 0.002 -0.045 0.027
(0.024) (0.043) (0.087) (0.807)
Wool -0.094 -0.039 -0.165 -0.168 -0.001 0.041
(0.04) (0.271) (0.217) (2.022) (0.1) (0.635)
Note: *Medians of elasticities evaluated at all obseorafpioints

® Bootstrapping standard errors (500 trials) aneadrentheses

” Significant at 5% level
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8.4.4 Morishima Elasticities of Substitution and Tansformation Contrasted and

Compared

The gross and net Morishima elasticities exhibgager consistency than the Allen
partial elasticities in classifying substitutivedacomplementary relationships when the
underlying economic behavioural assumption chaneshown in Tables 33 and 34,
the gross Morishima elasticities from the profinétion and the net Morishima
elasticities from the cost and revenue functiores @ositive for input demands and
negative for output supplies. Both the net and groseasures are also highly
statistically significant. These results suggest til broadacre inputs and outputs are

gross and net substitutes.

Similar to the price elasticities, tmempensated/orishima elasticities from the profit
function differ significantly from the net Morishemelasticities from the cost and
revenue functions. The magnitudes of teenpensatectlasticities are significantly
smaller than the net elasticities. The standamremwf thecompensateeélasticities are

also much higher compared to the correspondinglasticities, especially for output

transformation. The likely reasons for this aredssed in Section 8.4.2.
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Table 33: Morishima Elasticities of Input Substitution:
Net Estimates from Cost Function and Gross Estimatefrom Profit Function 2

Contracts, services & Fertilisers and Other contracts,
materials for livestock chemicals services & material§ Fuel, oil & grease Livestock trading
Cost Profit Cost Profit Cost Profit Cost Profit Cost Profit
Input function function | function function | function function | function function | function function
Contracts, services &
materials for livestock - - 1.448 0.100 | 0.583 0.370° | 0459 0.347 | 0.116  0.060
Fertilisers and chemicals 0394  0.176 - - 1.247  0.605 | 0525 0.359° | 0.061° 0.076
Other contracts, services
& materials 0.320 0.420° 1.953° 0713 - - 0.628 0.363 | 0.079  0.028
Fuel, oil & grease 0.193 0.268 | 1.676° 0.850° | 1.314 0.657 - - 0.045 -0.025
Livestock trading 0.471 0.375 1.481° 0.245 | 0.798 0.199 0.503  0.341 - -
Note: @ Medians of elasticities evaluated at all obseorafioints
“ Significant at 5% level
Table 34: Morishima Elasticities of Output Transformation:
Net Estimates from Revenue Function and Gross Estiates from Profit Function 2
Grains Sheep Beef Wool
Revenue Profit Revenue Profit Revenue Profit Revenue Profit
Output function function function function function function function function
Grains - - -0.169 -0.245 -0.074 -0.353 -0.073 -0.046
Sheep -0.133  -0.118 - - -0.083 -0.689 -0.094" -0.110
Beef -0.082 0.005 -0.152 -0.252" - - -0.056 -0.113
Wool -0.100 -0.092 -0.174 -0.270° -0.058 -0.644 - -
Note: * Medians of elasticities evaluated at all obseorafioints

“ Significant at 5% level



Table 35: Net andCompensated/orishima Elasticities of Input Substitution from Cost and Profit Functions® °

Contracts, services & Fertilisers & Other contracts,
materials for livestock chemicals services & materials Fuel, oil & grease Livestaglding
Demand for Cost Profit Cost Profit Cost Profit Co;t Profit Cost Profit
function function | function | function | function function function function | function function
Contracts, materials &
services for livestock - 1.193 0.312 1.260 0.535 0.861 0.341 1.052 0.115
(0.128) (0.318) (0.084) (0.783) (0.059) (0.07%) (0.036) (0.149)
Fertilisers and chemicals 1.743  -0.006 - 1.209 0.688 0.723 0.353 0.743 0.040
(0.103) (0.488) (0.173) (0.585) (0.042) (0.062) (0.05) (0.064)
Other contracts, services &
materials 1.514 0.102 1.085 | 0.711 - 0.951 0.358 0.749 0.001
(0.065) (1.038) (0.142) (0.576 (0.069) (0.106) (0.032) (0.037)
Fuel, oil & grease 1.386 -0.176 | 0.685 0.765 1.496 0.706 - 0.723 -0.092
(0.074) (0.725) (0.093) (0.514 (0.167) (0.478) (0.063) (0.072)
Livestock trading 1.952 0.240 0.934 0.354 0.618 0.300 0.782 0.331 -
(0.074) (0.868) (0.127) (0.341 (0.064) (0.309) .08%) (0.091)

Note:

#Medians of elasticities evaluated at all observagioints

® Bootstrapping standard errors (500 trials) angarentheses
Significant at 5% level




Table 36: Net andCompensated/orishima Elasticities of Output Transformation fr om Revenue and Profit Functiong' °

Grains Sheep Beef Wool

Revenue Profit Revenue Profit Revenue Profit Revenue Profit
Output function function function function function function | function  function

Grains - -0.169** -0.177 -0.074* 0.274 -0.073 0.276
(0.035) (3.334) (0.039) (4.346) | (0.051) (3.489)

Sheep —0.133** -0.161 - -0.083 0.629 —0.094** 0.020
(0.032) (2.303) (0.09) (14.376) | (0.043) (2.369)

Beef —0.082** -0.002 —0.152** -0.108 - —-0.056 0.401

(0.017) (0.536) (0.036) (4.129) (0.069)  (5.35)

Wool —0.100** -0.156 —0.174** -0.287 -0.058 0.729 -

(0.028) (1.026) (0.036) (1.741) (0.094)  (11.041) 0.276

Note:

& Medians of elasticities evaluated at all obseorafioints

b Bootstrapping standard errors (500 trials) angarentheses
Significant at 5% level




Chapter 8 Three Dual Functions Contrasted

8.5 Conclusion

In this chapter, estimation results obtained forsttalian broadacre farming under
assumptions of cost minimisation, revenue maxingsaand profit maximisation in
Chapters 5, 6, and 7 are contrasted. Overall,hadlet result sets display reasonable
goodness-of-fit. With respect to the theoreticabutarity conditions, all three
estimation results fail to satisfy the monotoniaindition. Violation of this condition
is most serious for the profit function. The cunrat conditions are met by the
estimated cost and revenue functions but not bytbét function. The net own-price
elasticities obtained from the cost and revenuections and the gross own-price
elasticities obtained from the profit function dat mlways conform to the Le Chatelier-
Samuelson principle. Theompensategrice, Allen partial and Morishima elasticities
from the profit function are significantly differemo, and less statistically significant

than, the corresponding net elasticities from & function and revenue functions.

Based on goodness-of-fit measures and the degreeshich the three models
appropriately describe rational economic behavigost minimisation may be more
appropriate for Australian broadacre farmers thhe #lternative assumptions of
revenue or profit maximisation over the short-ruk. potential explanation for

Australian broadacre farmers’ focus on minimisimgduction costs over the short run
is the popular deployment of the ley rotation pract Australian broadacre farmers
may also seek to minimise production costs to aeiple uncertain weather conditions,
international price setting for broadacre outputel dahe irreversibility of capital

investments.

Regarding measures of substitutability and tramséduility, results from the three dual
functions suggest that the Morishima elasticity suea appears to be more stable than
the Allen partial elasticity measure. The Allentgdmeasure is found to classify input
and output pairs differently under the three ddfgrassumptions regarding economic

behaviour of Australian broadacre farmers. In astir the Morishima elasticity
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measure consistently indicates substitutive ratatigps for input pairs and output pairs
across all three dual functions. Also, the Morishiralasticity measure is more

statistically significant than the Allen partial asare for all three estimation result sets.

220



Chapter 9

Estimating Australian Broadacre
Production Models Using Semi-Regional
Data—An Empirical Investigation into
Aggregation Issues

9.1 Introduction

The unavailability of farm-level data leads to ttanmon use of aggregate time-series
data for model estimation in duality applicatio@mmonly used aggregate data are
state or national average time series data. Theallgt estimation results obtained
from aggregate data reflect the underlying econdreltaviour of individual producers
if the conditions for consistent aggregation arésBad. However, the theoretical
conditions for consistent aggregation across faaragoo restrictive to be applicable in
reality, especially to agricultural production (@hizers 1988; Wolfson 1993; Shumway
and Davis 2001; Liu and Shumway 2004). Agricultumbduction consists of
thousands of farms operating under such diverssigdlyand climatic conditions that
the production technology employed is not identgedoss farms. Therefore, the bias
introduced by data aggregation across farms igylikebe nontrivial in the agricultural
sector and empirical findings that rely on geogreglly aggregated data may not

accurately portray production behaviour at the fevel.

The effects of cross-farm data aggregation on rekdandings in duality applications
have been scarcely investigated in empirical liteem Many benefits, such as

interpretation ease and policy relevance, have hesed as rationales for using
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aggregate data in place of farm-level data. Biag#esduced by the aggregation of data
across farms are implicitly assumed to be trivilahpirical studies on the impacts of
data aggregation across farms or geographical ameassearch findings are few and
have produced mixed results (Shumway and Davis 208dme of these studies,
including Reed and Riggins (1981) and Shumwagl. (1988), use aggregate data at
two different levels, such as at the state- antretpvel, for model estimation in their
evaluation of aggregation bias. Since farm-levéhdaie not used for model estimation

at any stage in these studies, the aggregationsoiex truly dealt with.

The aim of this chapter is to provide some empireadence of the effects of data
aggregation across farms on the estimated techmindl economic relationships
between Australian broadacre inputs and outputss T$h achieved by estimating
normalised quadratic cost, revenue and profit fionst using the available semi-
regional data, described in Section 4.3.4, thdtasvn from the same survey data but is
more aggregated than the quasi-micro data usedewigous chapters. The three dual
objective functions are all estimated, since thpaot of data aggregation on estimation
results may depend on what economic behaviour (eostimisation, revenue
maximisation or profit maximisation) is assumed andhow the nature and behaviour
of production inputs and outputs differ between rodicand macro-level. The results
from the cost, revenue and profit functions usihg semi-regional data are then
compared to their corresponding results using tlesigmicro data in Chapters 5, 6 and
7. It is hoped that the best among the resulthefthree dual functions will be least

affected by data aggregation.

The organisation of this chapter is as follows.t®ac9.2 provides a brief description
of the AAGIS semi-regional dataset and empiricglli@ption in this chapter. Section
9.3 presents results from the normalised quadecast function using the semi-regional
dataset and compares these results with thosenelltéiom the quasi-micro dataset in
Chapter 5. Sections 9.4 and 9.5 follow the sametstre of Section 9.3 in dealing with

the revenue and profit functions. The overall firghi about the effects of farm-wise
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data aggregation will be discussed in SectionMrally, Section 9.7 offers a summary

of this chapter.

9.2 Semi-Regional Data and Empirical Implementatio

The data used for model estimation in this chaistext a higher aggregate level than
the quasi-micro data used in Chapters 5, 6 andhit& AAGIS aggregate data are
referred to as semi-regional data for the reasgpkamed in Chapter 4 (Section 4.3.4).
Essentially, the semi-regional data are the quasiendata aggregated across three

farm sizes.

Similar to the quasi-micro dataset, observatioralscin the AAGIS semi-regional
dataset are formed by broadacre region and broadadustry with the average data of
these cells observed. Essentially, one semi-regaata cell is made up of three quasi-
micro data cells of large, medium and small fargesithat are in the same broadacre
region and industry. This cell’'s observed datathesaverages of the component quasi-
miro data cells (of three sizes), weighted by théngated populations represented by
these quasi-micro cells, instead of the actual rerab farms surveyed. In doing so,
the obtained average data are representativeddatm population represented by that
semi-regional data cell. With 32 production regiamsl two broadacre industries, 795
semi-regional observations are available over 8@042005 period. To be consistent
with the quasi-micro models, observations of famliscthat do not produce multiple
broadacre outputs are excluded and the final datssel for estimation in this chapter

has 621 observations.

The empirical implementation in estimating semiioegl models is the same as in
estimating quasi-micro models in previous chaptetsept for one or two aspects.
Importantly, the variables are not weighted by te#l sample size to correct for
heteroskedasticity, as required for the quasi-micoalels. This is because, in the semi-
regional dataset, the number of constituent farms idata cell is generally large.

Moreover, the way the data are weighted to genesatai-regional averages, as
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explained above, makes it less clear if heteroskemty, if present, is related to the

sample size of individual cells.

9.3 The Restricted Multi-Product Normalised Quadraic Cost

Function

With variable inputx,, X, ..., X], outputs[y,,¥,,...y)], fixed inputs z and z,,
industry dummy variable,, zone dummy variableg, and z, rainfall variablez, and

time trend T, the restricted normalised quadratic cost functi@s the following

representation:
4 4
C'W"Y, Z D=a, +Za w+2ﬁk y+ZA g+% 1 f’”’ W vjv+%k2“21ﬁk. i
i=1 j= =1l=
6 6 4 4 6 4
+%ZZAQhZ z,+ Zalkwi X"'Zzyig w; {J+Zz¢kg s %"‘an w T
g=1 h=1 i=1 k=1 i=19g=1 k=1g=1 E1l

4
¢ YT+ YW, 7, T+OT + 16T,
k=1 g=1

where C'(W", Y, Z T) and [w', w',,..w’,] are total variable cost and prices of CSM

livestock, Other CSM, FOG and Livestock tradingutgnormalised by the price of the

aggregate FC inputy, . FC price is chosen to be thameraireto be consistent with the

guasi-micro model. Applying Shephard's lemma, tystesn of derived input demand

equations is obtained as:
4

X =a+> oW, +zcjK Y +Zyg%+,qlTW|th|—123and‘
j=1 k=1

The FIML estimates of the derived demand systemgusiie semi-regional data are
presented in Table 37. The results here are bbter those obtained using the quasi-
micro data (see Chapter 5, Table 6) in terms aissitzal significance and directions of
price-quantity relationships. The proportion ofrsfigant system coefficients is 68.8
per cent in this aggregate model compared to 64rlcent in the quasi-micro model.
All own-price coefficients are negative and stataty significant at the 5% level as in

the quasi-micro model. More price coefficients atatistically significant in this
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aggregate model than in the quasi-micro model. t&&ir out of the 64 system
coefficient estimates change their signs betweenwio models. There are more price
coefficients than non-price coefficients among éhtsrteen coefficients. In particular,
all the coefficients of alternative inputs in th&X2 livestock demand equation change
signs between the semi-regional and quasi-microetsod he relationships the rainfall
variable and time trend have with all input demaretsain unchanged with the data

aggregation.

The overall goodness-of-fit of the estimated sesgional model is close to that of the
estimated quasi-micro model. This aggregate moaglahsystem McEIroyR® of 0.84,
close to the quasi-micro model’'s measure of 0.8&mil&ly, its individual equation
adjusted R*of 0.78-0.87 range is comparable to the quasi-minomlel’'s range of
0.78-0.91.

Regarding theoretical regularity conditions, thenseegional model’s results are better
than the quasi-micro model's results. At the aggtegsemi-regional level, the
convexity condition is satisfied by the estimateglivkd demand system, with all
eigenvalues of the price matrix being negative. Viwation of the monotonicity
condition is also less frequent at the semi-rediteael than at the quasi-micro level.
In the semi-regional model, the percentage of megaredicted quantities are 1.4 per
cent for CSM livestock input, 0.6 per cent for QtlESM input, 2.7 per cent for FOG
input and 5.6 per cent for Livestock trading inplihe corresponding percentages in
the quasi-micro model are 13.0 per cent, 5.7 pet, &1 per cent and 11.1 per cent,
respectively. The better result of the semi-redionadel is expected because there are
considerably fewer observations that have very Ismaut quantities in the semi-

regional data than in the quasi-micro data.

The estimates of net price elasticities, Allen iphrelasticities of substitution and

Morishima elasticities of substitution obtained nfrathe normalised quadratic cost

function using semi-regional data are shown in @a88, 39 and 40, respectively.

These elasticity estimates, when compared to tbhbsEned in the quasi-micro model
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(Tables 8, 10 and 12), reveal some notable resltown-price elasticity estimates

here are negative, as in the quasi-micro model,hagiay statistically significant. Out

of twenty cross-price elasticities, ten are stiatdly significant at the semi-regional
level, compared to twelve at the quasi-micro levdlIf of the cross-price elasticities
obtained change signs between the two levels ofegggion, some of which are
statistically significant in one or both result seffor example, the elasticity of FOG
with respect to CSM livestock price is significgntlegative in the micro-quasi model
but significantly positive in the semi-regional nebdMoreover, it appears that the
larger the magnitude of a price elasticity estinattéhe quasi-micro level is, the more
stable it is when data are further aggregated.ifgiance, an own-price elasticity of
—-1.785 for FC input in the semi-regional model lis@st identical to an estimate of
—1.756 obtained in the quasi-micro model. It i©dsund that the demand of FC input
is elastic with respect to the price of Other C3idut in both semi-regional and quasi-

micro models.

Concerning input substitutability, the stability efasticity estimates with respect to
data aggregation depends on the measure employesl. Allen partial elasticity
estimates obtained from the semi-regional modelfedifsignificantly to the
corresponding estimates from the quasi-micro mddialf of the Allen partial elasticity
estimates change sign between the semi-regionaj@esl-micro models. For example,
according to this measure, the FOG-CSM livestoditimship is significant and
substitutive in the semi-regional model but sigrafit and complementary in the quasi-
micro model. In contrast, none of the Morishimasegtity estimates changes sign
between the quasi-micro and semi-regional modéis. Nlorishima elasticity estimates
obtained at the semi-regional level here suggestath broadacre inputs are substitutes
of one another.
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Table 37: Parameter Estimates of Demand System Dggd from Cost Function Using Semi-Regional Data

Input quantity equation
Contracts, services & Other contracts,
materials for livestock  services & materials Fuel, oil & grease Livesto@ding
Z- Z- VA Z-
Coefficient Statistic  Coefficient Statistic  Coefficient Statistic = Coefficient Statistic
Constant 366.12 3.81 851.99 3.92 21.37 0.45 -80.32 -2.57
Contracts, materials & services for
livestock -195.71 -5.56 95.51 2.27 39.24 3.28 -3.67 -1.04
Other contracts, services & materidls 9551  2.27 -1351.3 -4.89 150.3% 2.44 9.82 1.68
Fuel, oil & grease 39.74 3.28 150.3#%* 2.44 -166.87 -9.12 -4.47 -2.49
Livestock trading -3.67 -1.04 9.82 1.68 -4.47 -2.49 -3.24 -2.21
Crops -0.011 -0.96 0.186 21.03 0.031 17.82 0.002 0.53
Sheep 0.361 9.69 -0.069 -0.68 0.033 1.55 0.055 3.14
Beef 0.28 26.05 0.265 14.08 0.028 7.62 0.128 52.04
Wool 0.117 4.62 0.476 9.43 0.004 0.38 -0.009 -1.08
Capital 5.635 3.52 22.58 12.09 2.668 5.88 -0.07 -0.13
Fixed labour 0.171 1.21 0.725 3.74 0.207 4.53 0.135 2.79
Dummy variable D -86.23 -2.47 209.57 4.13 81.32 7.91 -12.91 -1.03
Dummy variable Z1 48.06 1.24 16362 2.60 -22.3 -2.13 -37.91 -3.31
Dummy variable 72 -22.17 -0.50 -71.98 -1.08 -70.54 -5.74 -18.78 -1.32
Relative rainfall -148.56 -3.52 -269.54 -3.23 11.67 0.83 28.91 2.15
Time -17.61 -3.86 -13.56 -1.50 -7.77 -4.60 4.4% 3.52
Adjusted R? 0.80 0.85 0.78 0.87

Note: D =1 when the farm is in the Cropping indysZ1 = 1 when the farm is in the Wheat-Sheepezamd Z2 = 1 when the farm is in the High
Rainfall zone

” Significant at the 5% level
Significant at the 10% level
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Table 38: Own- and Cross-Price Elasticities of InpuDemand—The Semi-

Regional Cost Function ModeF-®

With respect to price of
Contracts, Other
services & Fertilisers  contracts,
materials for and services & Fuel, oil & Livestock
Demand of livestock  chemicals materials grease trading
Contracts, services &
materials for livestock -0.374 0.144 0.144 0.057 -0.012
(-0.055) (-0.083) (-0.07) (-0.014) (-0.011)
Fertilisers and chemicals 0.121 -1.785  1.486 -0.03 0.006
(-0.084) (-0.272) (-0.274) (-0.047) (-0.015)
Other contracts, services
& materials 0.067 0.697" -0.859" 0.093 0.015
(-0.032) (-0.12) (-0.144) (-0.036) (-0.009)
Fuel, oil & grease 0.167 -0.114 0.552 -0.603°  -0.034
(-0.042) (-0.155) (-0.213) (-0.059) (-0.01)
Livestock trading -0.036 0.026 0.086  -0.035  -0.044
(-0.033) (-0.063) (-0.051) (-0.01) (-0.014)

Note: ®Medians of elasticities evaluated at all obseorapoints
® Bootstrapping standard errors (500 trials) anesirentheses
** Significant at the 5% level

Significant at the 10% level

Table 39: Allen Partial Elasticities of Substitution between Inputs—The Semi-

Regional Cost Function ModeF-®

Contracts, Other
services & Fertilisers  contracts,
materials for and services & Fuel, oil & Livestock
livestock chemicals  materials grease trading
Contracts, services &
materials for livestock
Fertilisers and chemicalg 0.62
(-0.426)
Other contracts, services
& materials 0.301 3.364°
(-0.146) (-0.627)
Fuel, oil & grease 0.709 -0.457 1.151
(-0.179) (-0.576) (-0.446)
Livestock trading -0.134 0.069 0.197 -0.48
(-0.121) (-0.121) (-0.121) (-0.121)

Note: ®Medians of elasticities evaluated at all obseorapoints
® Bootstrapping standard errors (500 trials) anedrentheses
Significant at the 5% level

" Significant at the 10% level
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Table 40: Morishima Elasticities of Substitution béween Inputs—The Semi-

Regional Cost Function ModeF®

Contracts,
services & Other
materials Fertilisers  contracts,
for and services & Fuel, oil & Livestock
livestock chemicals materials grease trading
Contracts, services &
materials for livestock - 1.978 1.047 0.66 0.031
(-0.34) (-0.186) (-0.062) (-0.019
Fertilisers and chemicals 0.475 - 2.469" 0.566 0.045
(-0.125) (-0.448) (-0.043) (-0.017
Other contracts, services
& materials 0.399 2.617 - 0.692" 0.057"
(-0.069) (-0.405) (-0.091) (-0.018
Fuel, oil & grease 0.518 1.679 1.457 - 0.011
(-0.086)  (-0.287)  (-0.342) (-0.017
Livestock trading 0.292 1.83 1.028" 0.574 -
(-0.071)  (-0.292)  (-0.156) (-0.065)

Note: ®Medians of elasticities evaluated at all obseorapoints

® Bootstrapping standard errors (500 trials) anesirentheses
™ Significant at the 5% level
" Significant at the 10% level
9.4 The Restricted Multi-Product Normalised Quadrdic Revenue

Function

With the same set of model variables as in Sedi@n the restricted normalised
quadratic revenue function has the following repnegtion:

R(X, P, Z,T>=ao+§ai ?("'kZ:;,@ q+2:lﬂg g+%;;mj %ﬁ%é%@. b P

6 6 5 3 5 6 3 6 5 3
+%ZZAthgzh+ Ou X pk+zzyig )|(§+Zz¢kg Py §+Zpti TP*Z%( TR
=1 he1 i1 k=1 1g=1 11 = o~
: 2
+gZ:;z//thzg +4T +%¢9HT _

whereR'(X, P, Z, T), p,, p, and p; are the variable production revenue, Grains

price, Sheep price and Wool price normalised byf Baee. Beef price is chosen as
the numeraireto be consistent with the quasi-micro model in @ba6. Applying
the Samuelson-McFadden lemma to this revenue fumcthe system of supply

equations is derived as follows:

3 5 6
Ve =B+ D BuP' i+ 2 0%+ b 7+ T, withk =1,2 and &
1=1 i=1 g=1
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Coefficient estimates of the derived supply systesing semi-regional data are
presented in Table 41. The results here are lesiyeothan that of the quasi-micro
model in Chapter 6 (Table 14). The proportion ghgicant system coefficients at
the 5% level is 62.5 per cent here compared to pér8cent in the quasi-micro
model. Further, the semi-regional model has onlg @ignificant own-price
coefficient, compared to two in the quasi-micro mlodCompared to the cost
function, a smaller proportion of system coefficiestimates change sign between
the quasi-micro and semi-regional models derivedhfthe revenue function. Only
eight of the 48 system coefficient estimates chasige, and most are statistically
insignificant. It is notable that the coefficierfttone trend is positive in all supply
equations in the semi-regional model while beingatiee in the Sheep and Wool

equations in the quasi-micro model.

The overall fit of the estimated output supply systusing semi-regional data is
comparable to the overall fit obtained using thasiumicro data. The adjustdgf s

of the individual supply equations in this aggregatodel are fairly close to those
in the quasi-micro model. However, the system MoEIR® is higher for this
aggregate model than for the quasi-micro modehd@i71 compared to 0.65.

The revenue function’s results concerning the iyl conditions are improved
when the data used for estimation is aggregated ffe quasi-micro level to the
semi-regional level. The convexity condition isisid in the semi-regional model,
as in the gquasi-micro model. Similar to the costction case, the violation of the
monotonicity condition is considerably less sevieréhe semi-regional model than
in the quasi-micro model. The percentage of negapvedicted quantities for
Grains, Sheep and Wool outputs is respectively p8rxcent, 0.3 per cent and 18.1
per cent in this model, compared to 22.6 per c&btper cent and 21.5 per cent in

the quasi-micro model.
The estimates of price elasticities and elastgit@ transformation for four

broadacre outputs generated from the estimated-sgnonal model are presented
in Tables 38, 39 and 40. These elasticity estimal¢gined, when compared to their
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corresponding estimates obtained in the quasi-mmordel of the revenue function
(Tables 15, 16 and 17—Chapter 6), appear to be stabde under data aggregation
than those obtained from the cost function. All epvite supply elasticities are
positive as expected in the semi-regional moded dinection of the majority of the
cross-price relationships also remain unchangewdsst the semi-regional and
quasi-micro models. Moreover, the direction of alhir-wise transformation
relationships do not change when data are aggeegaiag both Allen partial or
Morishima measures. However, fewer price and tansition elasticities are

statistically significant in the semi-regional mbtiean in the quasi-micro model.
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Table 41: Parameter Estimates of Supply System Dered from Normalised Quadratic Revenue Function Usig Semi-Regional Data

Output quantity equation
Grains Sheep Wool
Coefficient z-Statistic Coefficient z-Statistic €fticient Z-Statistic
Constant -83478 -1.93 288.26 2.43 751.35 4.02
Grains price 99.05 1.35 -49779 -2.16 -50.28 -1.61
Sheep price -49.79 -2.16 186.03 5.37 3.63 0.09
Wool price -50.28 -1.61 3.63 0.09 44.51 0.71
CSM livestock quantity -06 -2.39 0.42 13.46 0.43 7.81
FC quantity 3.712 25.02 0.378 6.94 0.338 3.99
Other CSM quantity 0.716 6.38 0.047 1.20 0.436 7.77
FOG quantity 0.342 0.76 -0.13 -0.81 -1.225 -4.79
Livestock trading quantity -0.981 -1.62 -0.633 -6.30 -1.163 -7.63
Capital quantity -1.894 -0.32 -2.271 -1.08 -5.065 1.58
Fixed labour quantity -1.002 -1.66 -0.32 -2.07 -0.378 -1.51
Dummy variable D 368.61 2.53 -73.06 -2.33 -180.19 -3.22
Dummy variable Z1 -242.38 -1.92 -214.78 -5.42 -865.29 -15.13
Dummy variable Z2 -480.71 -2.87 -163.31 -3.62 -703.93 -10.52
Relative rainfall 680.75 3.21 137.47 2.74 349.31 4.54
Time 54.18 3.55 2.01 0.48 13.32 2.06
Adjusted R? 0.83 0.42 0.59

Note: D =1 when the farm is in the Cropping indysZ1 = 1 when the farm is in the Wheat-Sheepezamd Z2 = 1 when the farm is in the High Rairdalhe

™ Significant at the 5% level
Significant at ten per cent level
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Table 42: Own- and Cross-Price Elasticities of Outpt Supply—The Semi-

Regional Revenue Function Modet®

Grains Sheep Beef Wool
Grains 0.044 -0.016' -0.001 -0.024
(-0.026) (—0.005) (-0.026) (-0.013
Sheep -0.093 0.276 -0.164 0.009
(-0.03) (-0.053) (-0.099) (-0.071
Beef 0 -0.025 0.055 -0.004
(-0.026) (-0.015) (-0.067) (-0.042
Wool -0.064 0.004 -0.005 0.08
(-0.036) (-0.033) (-0.106) (-0.088

Note: *Medians of elasticities evaluated at all obseorapoints

® Bootstrapping standard errors (500 trials) angarentheses

™ Significant at the 5% level
" Significant at the 10% level

Table 43: Allen Partial Elasticities of Transformaton of Output Supply—The
Semi-Regional Revenue Function Modét®

Grains Sheep Beef Wool

Grains
Sheep -0.20%

(-0.065)
Beef -0.006 -0.365

(-0.062) (-0.212)
Wool -0.165 0.038 -0.019

(-0.085) (-0.309) (-0.216)

Note: ®Medians of elasticities evaluated at all obseorapoints

® Bootstrapping standard errors (500 trials) anedrentheses

** Significant at the 5% level
* Significant at ten per cent level

Table 44: Morishima Elasticities of Transformation of Output Supply—The
Semi-Regional Revenue Function Analysis’

Grains Sheep Beef Wool
Grains - -0.3 -0.051 -0.116
(-0.053) (-0.077) (-0.093)
Sheep -0.153 - -0.203 -0.07
(—-0.047) (-0.164) (-0.075)
Beef -0.047 -0.297 - -0.089
(—0.044) (—0.065) (-0.141)
Wool -0.13% -0.271 -0.065 -
(—0.055) (—0.06) (-0.179)

Note: ®Medians of elasticities evaluated at all obseorapoints

® Bootstrapping standard errors (500 trials) angarentheses

™ Significant at the 5% level
" Significant at the 10% level
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9.5 The Restricted Multi-Product Normalised Quadrdic Profit

Function

Following the estimation of the normalised quadradrofit function using quasi-
micro data in Chapter 7, the price of FC inputhesen as thaumeraireto specify
the normalised quadratic profit function in thisapter. Using the same set of
variables as in sections 9.3 and 9.4, this normdlcgiadratic profit function has the

following representation:

WP ZT=ap+ Y a WY A B+ YA g 12 D a W

i=1 j=1

4 4 6 6 4 4 4J 6
Y Y BaP P+ oD Y Az 2D Y B W Bt DD Vi W g

k=L I=1 g=1h=1 i=1 k=1 i=1g=1

4 6 4 4 6

+Zz¢kg plk Zg+zptiwi T+Z¢¥k pk T+Z¢/tgng+0tT+%0ttT2

k=1 g=1 i=1 k=1 g=1

where T'(W', P',Z,T), w' and p' are profit, input prices and output prices

normalised by FC price.

Applying Hotelling’s lemma, the system of deriveentand and supply equations

IS:

4 4 6
=X =0+ oW, +> & P+ K, g +a Twithi=1,23and -and
j=1 k=1 g=1

4 4 6
Yo =B+ D BuP'+ Y O W, +> 4 7 +@, T with k=1,2,3 and -
I=1 i=1 g=1

The FIML estimates of this demand and supply sysisimg the semi-regional data
are shown in Table 45. The result obtained hereoissiderably less statistically
significant and differ significantly to that froniné quasi-micro data (Chapter 7,
Table 18). Only 46.9 per cent of the system coffits in this aggregate model are
significant at the 5% level, compared to 63.2 mten the quasi-micro model. The
percentage of significant price coefficients isoatsuch lower for the semi-regional
model than for the quasi-micro model, being 32.8 gent compared to 43.8 per
cent. In addition, the own-price coefficient of Geains supply equation is negative
in this aggregate model while being positive in thmsi-micro model. The own-

price coefficient of the Beef supply equation alsecomes insignificant in this
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model. Moreover, a large proportion of system dogfhts, including many of
Sheep, Wool and CSM livestock prices, change segwéen the two models.

The weaker goodness-of-fit of the semi-regional ehotbmpared to the quasi-

micro model under the profit maximisation assumpigalso shown in the adjusted
R? obtained for individual system equations. The sidjd R® is significantly lower

in this model than in the quasi-micro model for afihall equations, especially for
Sheep supply and Other CSM demand equations. bicylar, the Sheep supply
equation has an adjustéRf of 0.19 in this aggregate model, compared to @46

the quasi-micro model.

With respect to the regularity conditions, the oate is mixed when the results of
the semi-regional and quasi-micro models are coetpaThe monotonicity
condition is violated less frequently in the seertfional model than in the quasi-
micro model, which is expected. Notably, the projpms of negative predicted
quantities are 20.7 per cent, 12.0 per cent, It ¢@at and 11.5 per cent for Grains,
Beef, CSM livestock and Livestock trading, respesii. These figures are
considerably lower than those obtained for the godsro model, which are 30.2
per cent, 27.8 per cent, 23.5 per cent and 24.T@a. The convexity condition,
however, is more seriously violated in the semigegl model than in the quasi-
micro model. The price matrix of the estimated dypmd demand system has three
negative eigenvalues when using semi-regional daimpared to two negative

eigenvalues when using quasi-micro data.

A comparison of the elasticity estimates obtairrednfthe semi-regional and quasi-
micro models reveals that geographical aggregatiatata has a notable impact on
the estimated economic and technical relationsbigisveen inputs and outputs
under the profit maximisation assumption. Fewertlué price elasticities and
elasticities of substitution and transformation atatistically significant in this

aggregate model than in the quasi-micro model. Asierable number of these
elasticities also change sign between the two nsodeiportantly, as shown in

Table 46, the own-price elasticity of Grains supiglyegative in the semi-regional
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model but positive in the quasi-micro model (ChafteTable 19). The own-price
elasticities of Wool supply and FC demand also bexmsignificant in the semi-
regional model. In addition, the magnitude of theneprice elasticity estimates of
Beef supply, CSM livestock demand and FC demandigréficantly lower in the
semi-regional model than in the quasi-micro modélese elasticity estimates are
0.218, -0.365 and —0.2 respectively in the semierey model, compared to their
corresponding estimates of 0.35, —0.509 and -0iBlthe quasi-micro model.
Moreover, 27 out of 72 cross-price elasticitiesmgesign between the two models.
When transformation and substitution elasticityneates obtained in semi-regional
model (Table 47 and Table 48) are compared to tlwidained in quasi-micro
model (Chapter 7, Table 20 and Table 21), 14 o@6oAllen partial elasticities and

11 out of 72 Morishima elasticities change sigmiaein the two models.
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Table 45: Estimated Parameters of Supply and Deman8lystem Derived from Profit Function Using Semi-Reignal Data

Output supply quantity equation
Grains Sheep Beef Wool
Coefficient z-Statistic Coefficient z-Statistic €fbicient z-Statistic Coefficient z-Statistic
Constant -3462.7 -3.289 680.44 4.323 18.92 0.039 1210.09 4.914
Grains price -200.94 -1.018 -87.64 -2.648 222.03 2.007 -130.9 -2.595
Sheep price -87.64 -2.648 214.94 4.243 -107.32 -1.442 -71.56 -1.187
Beef price 222.03 2.007 -107.32 -1.442 192.39 0.669 -191.03 -2.052
Wool price -130.9 -2.595 -71.56 -1.187 -191.03 -2.052 40.9 0.418
CSM livestock price -22.2 -0.501 -121762 -2.893 -40.8 -0.424 -46.79 -0.833
Other CSM price 40.9 0.823 -49.11 -0.668 -62.86 4749, 108.54 1.210
FOG price 9.81 0.950 9.3 0.533 -1.72 -0.070 44.38 2.204
Livestock trading price -22.98 -1.513 11.56 0.636 58.37 -1.390 12.21 0.569
Capital 63.65 5.137 8.513 3.752 45.46 6.070 15.95 3.629
Fixed labour 0.87 0.654 -0.1 -0.465 1.76 2.618 -0.06 -0.172
Cropping industry 2274.09 9.231 -29.24 -0.804 -10438 -7.019 -71.71 -1.001
Wheat Sheep Zone 835.84 2.252 -160.4 -3.116 -891.15 -5.818 -790.18 -8.549
High Rainfall Zone -278.7 -0.631 -216.4 -4.037 -925.42 -4.922 -824.61 -8.707
Rainfall 1093.46 2.497 43.8 0.604 58.87 0.306 128.86 1.146
Time 90.57 2.797 0.5 0.072 42.63 2.463 -6.06 -0.612
Adjusted R? 0.51 0.19 0.51 0.41

Note: D =1 when the farm is in the Cropping indys71 = 1 when the farm is in the Wheat-Sheepezamd Z2 = 1 when the farm is in the High Rainfall
zone

= Significant at the 5% level
* Significant at the 10% level



Table 45 (continued): Estimated Parameters of Suppland Demand System Derived from Profit Function Ugsig Semi-Regional

Data

Input demand quantity equation

Contracts, services &

Other contracts, services &

materials for livestock materials Fuel, oil & grease Livestock trading
Coefficient z-Statistic Coefficient z-Statistic €fbicient z-Statistic Coefficient  z-Statistic
Constant -743.62 -3.817 -500.91 -1.456 -58.98 -0.843 76 1.045
Grains price -22.2 -0.501 40.9 0.823 9.81 0.950 982 -1.513
Sheep price -121.62 -2.893 -49.11 -0.668 9.3 0.533 11.56 0.636
Beef price -40.8 -0.424 -62.86 -0.474 -1.72 -0.070 -58.37 -1.390
Wool price -46.79 -0.833 108.54 1.210 4438 2.204 12.21 0.569
CSM livestock price 226.94 4.128 -108.27 -1.434 -3811 -2.616 62.18 3.733
Other CSM price -108.27 -1.434 846.47 2.608 -3.42 -0.040 -13.93 -0.467
FOG price -38.11 -2.616 -3.42 -0.040 105.4 3.978 11.21 1.421
Livestock trading price 62.18 3.733 -13.93 -0.467 11.21 1.421 1887 2.334
Capital -20.81 -6.748 -51.63 -14.162 -6.91 -10.423 -6.91 -6.514
Fixed labour -0.65 -2.484 -1.31 -3.780 -0.28 -4.263 -0.33 -3.624
Cropping industry 397.22 7.671 -313.86 -4.335 -117.71 -10.391 147.47  6.729
Wheat Sheep Zone 383732 5.963 287.94 2.854 20.39 1.367 160.73  7.025
High Rainfall Zone 475.42 7.078 721.44 6.427 104.53 5.967 152.94 5234
Rainfall 145.43 1.811 -3.58 -0.030 -4354 -2.140 -48.7 -1.783
Time 15.45 1.832 -0.29 -0.021 4.47 1.813 -12.84  -4.015
Adjusted R? 0.51 0.64 0.70 0.56

zone

= Significant at the 5% level
* Significant at the 10% level

Note: D =1 when the farm is in the Cropping indys71 = 1 when the farm is in the Wheat-Sheepezamd Z2 = 1 when the farm is in the High Rainfall




Table 46: Own- and Cross-Price Elasticities of Denmals and Supplies—The Semi-Regional Profit FunctioModel °

Contracts, Other
services &  Fertilisers  contracts,
materials for and services & Fuel, oil  Livestock
Grains Sheep Beef Wool livestock chemicals materials & grease trading
Grains -0.065 —-0.02+ 0.088+ —-0.048+ -0.008 0.052 0.013 0.003 -0.014
(-0.037) (-0.005) (-0.028) (-0.014) (-0.01) (-@p3 (-0.012) (-0.002) (-0.007
Sheep -0.1% 0.272+ —0.254+ -0.15% -0.26+ 0.588+ -0.094 0.017 0.036
(-0.038) (-0.051) (-0.119) (-0.078) (-0.06) (-®12 (-0.101) (-0.024) (-0.035
Beef 0.17% —-0.063+ 0.218 -0.198 -0.045 0.053 -0.06 -0.002 -0.091
(-0.056) (-0.029) (-0.185) (-0.075) (-0.069) (-2BL (-0.082) (-0.015) (-0.037
Wool -0.172+« -0.064 —0.34+ 0.068 -0.072 0.3¥2 0.156 0.05%+ 0.031
(-0.049) (-0.033) (-0.132) (-0.105) (-0.06) (-®12 (-0.089) (-0.018) (-0.036
Contracts, services &
materials for livestock 0.031 0.119 0.074 0.082 -0.365 0.046 0.16% 0.052+ -0.174*
(-0.038) (-0.028) (-0.115) (-0.068) (-0.065) (-9mBD (-0.075) (-0.014) (-0.03)
Fertilisers and chemicals -0.064 -0.#24 -0.033 -0.168 0.014 -0.2 0.532 0.092+ 0.031
(-0.049) (-0.031) (-0.102) (-0.065) (-0.041) (821 (-0.142) (-0.036) (-0.031
Other contracts, services &
materials -0.024 0.02 0.05 -0.082 0.079+ 0.494+ —0.55% 0.002 0.019
(-0.022) (-0.021) (-0.069) (-0.047) (-0.037) (21 (-0.151) (-0.037) (-0.03)
Fuel, oil & grease -0.033 -0.02 0.008 -0.485 0.15% 0.508* 0.012 -0.355 -0.08+
(-0.022) (-0.029) (-0.075) (-0.056) (-0.042) (1 (-0.224) (-0.065) (-0.037
Livestock trading 0.109 -0.043 0.394 -0.073 -0.41% 0.177 0.082 -0.064 -0.16%
(-0.052) (-0.041) (-0.159) (-0.085) (=0.07) (-@B15 (-0.133) (-=0.029) (-0.046

Note: *Medians of elasticities evaluated at all obseorafioints
® Bootstrapping standard errors (500 trials) angairentheses

** Significant at the 5% level
* Significant at the 10% level




Table 47: Allen Partial Elasticities of Substitution and Transformation—The Semi-Regional Profit Funcion Model *°

Contracts, Other
services &  Fertilisers  contracts,
materials for and services & Fuel, oil  Livestock
Grains Sheep Beef Wool livestock chemicals materials & grease trading

Grains

Sheep -0.039
(-0.01)

Beef 0.039% -0.063*
(-0.014) (-0.03)

Wool -0.039+ -0.079 —-0.069+
(-0.011) (-0.042) (-0.027)

Contracts, services &
materials for livestock 0.009 0.15%8 0.014 0.034
(-0.011) (-0.037) (-0.023) (-0.029)
Fertilisers and chemicals -0.006 0.031 0.005 0.012 0.006
(-0.005) (-0.033) (-0.011) (-0.019) (-0.005)
Other contracts, services &
materials -0.006 0.032 0.015 -0.845 -0.054* 0.026
(-0.005) (-0.035) (-0.022) (-0.026) (-0.025) (1P
Fuel, oil & grease -0.008 -0.037 0.003 -0+11 -0.116* 0.034 -0.005
(-0.005) (-0.052) (-0.027) (-0.033) (-0.031) (1P (-0.085)
Livestock trading 0.025% -0.048 0.102 -0.03 0.16% 0.022 -0.024 0.1¥9

(-0.012) (=0.045) (-0.042) (-0.034) (-0.029) (-8B (-0.038) (-0.055)

Note: ®Medians of elasticities evaluated at all obseorafioints

® Bootstrapping standard errors (500 trials) aneairentheses
= Significant at the 5% level
= Significant at the 10% level




Table 48: Morishima Elasticities of Substitution arml Transformation—The Semi-Regional Profit FunctionModel *°

Contracts, Other
services &  Fertilisers  contracts,
materials for and services & Fuel, oil  Livestock
Grains Sheep Beef Wool livestock chemicals materials & grease trading
Grains - -0.28% -0.154 -0.12 0.374 0.265 0.5%+ 0.359+ 0.16%+
(-0.05) (-0.216) (-0.103) (-0.065) (-0.15) (-®B)14 (-0.065) (-0.047)
Sheep -0.093 - -0.493* -0.22} 0.105 0.848 0.454+ 0.374+ 0.2+
(-0.045) (-0.232) (-0.091) (-0.068) (-0.192) ) (-0.067) (-0.05)
Beef 0.26% -0.327% - -0.264* 0.3+ 0.318 0.528+ 0.35+ 0.055
(-0.085) (-0.06) (-0.125) (-0.073) (-0.163) (681 (-0.066) (-0.033)
Wool -0.119+ -0.33% -0.56+ - 0.295+ 0.593+ 0.719+ 0.413+ 0.195+
(-0.058) (-0.052) (-0.236) (-0.081) (-0.19) G4l (-0.07) (-0.043)
Contracts, services &
materials for livestock 0.108 -0.125 -0.141 0.014 - 0.27 0.763 0.412~ 0.013
(-0.066) (-0.048) (-0.141) (-0.106) (-0.197) 12342)) (-0.069) (-0.041)
Fertilisers and chemicals -0.004 -0.419  -0.277 -0.235 0.418* - 1.094+ 0.42+ 0.199+
(-0.024) (-0.053) (-0.17) (-0.1) (-0.084) (-0.278 (-0.051) (-0.041)
Other contracts, services &
materials 0.04 -0.242 -0.141 -0.156 0.465 0.732+ - 0.35% 0.187+
(-0.032) (-0.058) (-0.155) (-0.097) (-0.072) (9.2 (-0.095) (-0.052)
Fuel, oil & grease 0.035 -0.293 -0.204 -0.258 0.56+ 0.778* 0.563 - 0.077
(-0.033) (-0.059) (-0.179) (-0.114) (-0.087) (-2Lp (-0.349) (-0.066)
Livestock trading 0.198 —-0.304+ 0.115 -0.139 -0.001 0.486 0.702+ 0.349+ -
(-0.079) (-0.057) (-0.096) (-0.108) (-0.062) (-app (-0.206) (-0.087)

Note: ?Medians of elasticities evaluated at all obseorafioints
® Bootstrapping standard errors (500 trials) aneairentheses
= Significant at the 5% level

*

Significant at the 10% level
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9.6 Discussion and Summary

Data aggregation is often expected to have negaipgacts on estimation results, since
it reduces the sample size. Their potential impactsluality applications include

reduced statistical significance as well as violatof regularity conditions (Squires

1987; Kohli 1993; Shumway 1995; Tombazos 1998)intzdton results obtained in

this chapter using the AAGIS semi-regional dataj anprevious chapters using the
AAGIS quasi-micro models, suggest that the impatidata aggregation on modelling
outcomes may depend on the assumption made abeueédbnomic behaviour of

producers.

Among the semi-regional models, estimation resfitien the cost function display
higher statistical significance and are more cdestswith economic theory than those
from the revenue or profit functions. The estimasgdtem of input demand equations
derived from the cost function has the highest gmiage of significant system
coefficients. All own-price coefficients of this tesated system are statistically
significant and negative as expected. This estichdeamand system also satisfies the
theoretical convexity condition without parametrgstrictions on system coefficients.
Moreover, results from the cost function have eéhlrgpercentage of significant price
and substitution elasticities than estimation rssdtom the revenue and profit
functions. This is in line with the estimation oomees using quasi-micro data as
discussed in Chapter 8.

Data aggregation appears to have no unfavourabfgmadts on estimation results
obtained from the cost function but to have disid¥ymegative impacts on the revenue
and profit function results. As presented in Sec8d3, for the cost function, the semi-
regional model has higher fractions of significgmice coefficients and significant
system coefficients than the quasi-micro modelkdntrast, the statistical significance
of the estimated systems derived from the revemek mofit functions diminishes
when data are aggregated from the quasi-micro keviie semi-regional level. Given
the supply system derived from the revenue funchias fewer parameters than the
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demand system derived from the cost function, aatithe cost function results are not
negatively affected by this data aggregation fréva uasi-micro level to the semi-
regional level, the deterioration of the revenuacfion results is unexpected. This
implies that poorer results from the revenue functusing the semi-regional data
compared to those using the quasi-micro data atesolely caused by the smaller
sample size of the aggregated semi-regional datéket surprising result may be due
to the inappropriateness of the assumed revenuamsaion behaviour.

Across the three dual functions, the impact of da&fgregation on estimation results is
most serious for the profit function. The statiatisignificance and the degree of
conformity to economic theory of the estimated deaidemand and supply system are
reduced when data are aggregated. The price diastiobtained from this dual
function change sign and become statistically mfigant or vary significantly in
magnitude between the quasi-micro and semi-regil@vals. A significant proportion
of Allen partial elasticity estimates and some Mbnna elasticity estimates also
reverse their sign between the semi-regional arasiguicro models. Despite reduced
sample size being the likely cause, the unsuitgbiif the profit maximisation
assumption for Australian broadacre farmers careotuled out as a contributing
factor of this negative finding. This is discounagjisince the dual profit function has
been most commonly specified, and often estimatgdgudata aggregated across
farms, in applications of the duality approach tastalian and international
agricultural production.

Regarding measures of substitution and transfoomatihe estimates of Morishima
elasticities are most stable when data are agg@gatross farms. The Morishima
elasticity estimates generated from the cost aadnee functions do not change sign
between the semi-regional and quasi-micro modeiscdntrast, the Allen partial
elasticity estimates frequently reverse their dioexs when data are aggregated. For
instance, half of the Allen partial elasticities sifibstitution obtained from the cost
function, including some statistically significaohes, change sign between the two
models.
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Chapter 10

Summary and Conclusions

10.1 Summary of the Thesis

This thesis is motivated by the significant conitibn broadacre agricultural
production makes to the Australian economy and l#ok of an updated national
econometric model for this sector in productionrexuics literature. In this thesis, a
set of models were estimated for Australian broeslaagricultural production

following common model formulations conducted ire tempirical literature. In

Chapters 5, 6 and 7, the three alternative assangtf cost minimisation, revenue
maximisation and profit maximisation were respeaiivassumed for Australian
broadacre farmers. Econometric models were deriveder these alternative
assumptions and estimated using a nationally reptasve AAGIS quasi-micro

dataset for the period 1990-2005. The most impbdattome of this thesis is a set of
current national econometric models and key measafeeconomic and technical
relationships between inputs and outputs for Aliatrebroadacre agriculture that are

useful for economic assessment and policy making.

The modelling of Australian broadacre agriculturehis thesis accounted for many of
the special and important features of the sectadtiMroduct dual cost, revenue and
profit functions were specified to accommodate phevalent practice of producing a
mixture of different products in broadacre farmifidhese dual functions were also

specified in their restricted forms to allow forethguasi-fixity and lumpiness of
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production capital over the short run. The exogsnimpacts of weather conditions,
production focuses, production scales and techimdbgrogress on broadacre farming
were also incorporated into econometric models rtuding rainfall information,
qualitative dummy variables and time trend. Aftastricted multi-product cost,
revenue and profit functions were specified for #aigan broadacre agriculture,
systems of input demand and/or output supply egusitwere derived by applying the
Shephard, Samuelson-McFadden and Hotelling lemififteese systems were estimated

using the available AAGIS quasi-micro dataset.

Besides estimating new econometric models and géengrelasticity estimates for
Australian broadacre agriculture, this thesis agntributes to production economics
literature by providing empirical evidence on sosmgnificant issues in application of
the duality theory to agricultural production. Tadassues include: the choice among
different formulations of econometric models assugnilifferent economic behaviour
for producers, the relative performance of the twost popular translog and
normalised quadratic functional forms in the dyaliased production literature and the
effects of data aggregation across production unitsestimation results and key

economic and technical measures.

10.2 Key Estimation Results

As presented in Chapters 5, 6 and 7, the estimatidhe dual normalised quadratic
cost, revenue and profit functions using the AAGJ&si-micro data of Australian
broadacre agriculture yielded reasonable resulssimated systems of the demand
and/or supply equations derived from these duattfons generally have adequate
statistical significance. At the 5% level, the mar@age of significant system
coefficients is above 60 per cent for the threel duactions. In patrticular, the
estimated demand system derived from the normadisedratic cost function and the

estimated supply system derived from the normalmestiratic revenue function have

reasonable McElroy system-wid&’ . Considering the especially large sample size and
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the quasi-micro nature of the dataset used fomasion in this study, in contrast to
small datasets of aggregate time-series data cotgmesed in past agricultural

production studies, the obtained estimation resuksstrongly reliable.

The results obtained from the normalised quadcatst, revenue and profit functions in
this study are significantly better than many poeei duality applications. The
regularity condition of curvature is satisfied Ietestimated system of input demands
derived from the cost function and the estimatestesy of output supplies derived
from the revenue function. These findings contsagingly with the frequent violations
of this regularity condition in the existing dugliliterature. Although the estimated
system of output supplies and input demands deffreed the profit function violates
the convexity condition, the violation is not sexeln this supply and demand system,
all estimated own-price coefficients have the adrreign and the matrix of the
estimated price coefficients is close to being fpasisemi-definite. Overall, all derived
supply and demand curves estimated in this studg tiee expected slopes with respect

to their own prices.

The estimates of price elasticities and elastiné substitution and transformation
obtained from the estimated models of Australiamatacre agriculture in this study
are mostly sensible. Own-price elasticity estimatédained from the three dual
functions are negative for input demands and p@siior output supplies as expected.
These elasticity estimates suggest that, in thet glm, input demand and output
supply in Australian broadacre agriculture are galheinelastic with respect to market
price changes. In other words, broadacre agri@lloroduction is fairly rigid in the

short run. Therefore, the development of exchangarkets for agricultural

commodities and the deployment of financial risk naigement strategies using
products traded on exchange markets, such as foramad futures contracts, can

improve farming profitability and resilience.
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Two exceptions to the general price-inelasticityngfut demand and output supply in
Australian broadacre farming were identified instistudy. According to the results

obtained from the normalised quadratic cost fumgtalemand for fertilisers and crop-

pasture chemicals are elastic with respect to tbein prices and prices of other

variable inputs, except for petroleum-based argstivck-related inputs. From a policy-
making perspective, this implies that in the shornt, Australian broadacre farmers will

cut back purchases of fertilisers and chemicalscfops and pasture, tolerating lower
yields or even risking crop failure, in responserioreases in these input prices and
general production costs.

With respect to production substitutability andnstormability, the Allen partial and
Morishima elasticity estimates obtained from theeé¢hdual normalised quadratic
functions suggest that inputs and outputs in Aliatrabroadacre agriculture are
substitutes for one another. The statistical sigaiice of these elasticities also implies
that there is some scope for broadacre farmerslistitute inputs and outputs in the
short run. Moreover, the elasticities obtained ssgighat the Morishima elasticity is
more reliable than the more popular Allen partistcity. Compared to the Allen
partial measure, the Morishima measure was fourgktiess influenced by the choice
of the dual objective function, the choice of flebei functional form used and the level
of data aggregation across production units. Thection and statistical significance of
Morishima elasticities were found to be quite cetesit across the cost, revenue and
profit functions, across the translog and normdlisgadratic functional forms and

across quasi-micro data and semi-regional data.

10.3 Three Alternative Formulations of Duality-bagd Econometric

Models of Production

Previous studies of Australian broadacre producassume that farmers minimise
production costs or maximise production profits.this thesis, models of Australian

broadacre farm production were estimated undemrnatee assumptions of cost
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minimisation, revenue maximisation and profit maisiation using the same farm
dataset. Many aspects of the estimation resulsepted in Chapters 5, 6 and 7, and the
prevalence of ley rotation as a farm managementtipea suggest that Australian
broadacre farmers may seek to minimise productistscn the short run. Of the three
models of farm production, the estimated input deinaystem derived from the
normalised quadratic cost function has more satisfg statistical fit. This equation
system has more price variables that are stafigtisggnificant than the estimated
systems derived from the revenue or profit funcioMoreover, in the cost function
result, all input prices are found to be significdeterminants of their own demand.
The system of demand equations derived from the¢ fiosction also meets the
regularity condition of curvature without imposipgrameter restrictions. In contrast,
wool price was not found to significantly influends own supply in the revenue
function result despite the fact that the estimatgstem of output supply equations
derived from this function satisfies the curvatwendition. Meanwhile, grains and
wool prices were not found to significantly inflntheir own supplies in the profit
function result. Moreover, the estimated demandesyslerived from the cost function
explains the demand of individual inputs fairly elewhile the estimated systems
derived from the revenue and profit functions db hoaddition, when the quasi-micro
data are aggregated further to semi-regional dhtaresults from the cost function
remain sensible while those obtained from the regeand profit functions deteriorate.

The conformity of data with short-run cost minintisa assumption for Australian
broadacre farmers discussed above is supporte@d\srad characteristics specific to
this sector. The popular practice of crop and liwels rotation, in which cropping and
livestock grazing activities are operated sepayateiplies that farmers are unlikely to
maximise production revenue and profit in the shont Moreover, broadacre farming
is subject to great uncertainty, caused by variai@ather conditions and stochastic
changes in international commodity prices, and Kemeously requires large initial
capital investment, which is partly or largely wreesible. In dealing with uncertainties

and capital irreversibility, farmers would incorpte other objectives such as short-
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term income stability and long-run investment retuinto their decision-making. This
means that they do not seek to maximise producdeenues or profits in the short run.

Cost minimisation, in contrast, does not conflidtmthese objectives.

10.4 Choice of Functional Forms

Another significant contribution of this thesistes provide further empirical evidence
regarding the relative performance of the transind normalised quadratic functional
forms, the two most popular flexible functional s in duality literature. In this
thesis, these two functional forms were used tccifpehe dual cost and revenue
functions in Chapter 5 and Chapter 6. For eachhe$a dual functions, the results
obtained from the two functional forms using thegéa quasi-micro dataset available
show significant differences. For the cost functime two functional forms display
similar statistical fit. However, the estimated teys of translog cost share equations
does not satisfy the regularity condition of contavin contrast, the estimated
normalised quadratic input demand system autonligticatisfies this condition.
Similarly, the estimated output supply system dsivirom the translog revenue
function fails to meet the convexity condition, gigs having reasonable statistical fit,
and the own-price elasticities generated from sliggem do not have the expected sign.
On the contrary, the results obtained from the mdised quadratic revenue function
are as expected by economic theory regarding theesity condition and own-price
elasticities.

10.5 Impacts of Data Aggregation

The final empirical evidence sought in this theisisto assess the impacts of data
aggregation across production units on estimagsnlts and policy-relevant economic
elasticities. Due to the unavailability of farm-&vdata, past duality studies of
agricultural production have often used aggregatzage state, regional and national

data for estimation, despite the fact that the iduaheory is concerned with
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microeconomic behaviour. In this thesis, the moaél&ustralian broadacre farming
derived from the dual cost, revenue and profit fioms were estimated at two data
levels using the available AAGIS quasi-micro andnhiseegional datasets. For each
dual objective function, the results obtained ughegse two datasets were compared to
assess the impacts of data aggregation on resdiadihgs. The results obtained
suggest that data aggregation across productionsfamay have serious impacts on
research findings, depending on what economic agdition behaviour is assumed for
the producers. When the quasi-micro data was agggdgo semi-regional data, the
statistical significance and consistency with ecnimotheory of the cost function
results did not appear to be adversely affectedlewwhose of the revenue and profit

function results were worsened.

Regarding key price and substitution/transformasétasticities, research findings at the
two data levels in this study were found to differtably. The cross-price and Allen
partial elasticities, including statistically sifjnant elasticities, frequently change sign
between the two data levels, even for the well-betiacost function. However, it was
found that the Morishima elasticity measure is sibn classifying complementary and

substitutive relationships with respect to dataraggtion across farms.

10.6 Limitations and Future Research

In this thesis, the estimated system of input dehard output supply derived from the
normalised quadratic profit function does not $atilse regularity convexity condition.

When this condition was imposed using the Choledkgomposition, the FIML

method failed to yield an estimation result. Tlagure may be due to insufficient data
sample size, limitations of the software used fstingation or an inappropriate
assumption of economic behaviour for Australianaliacre farmers. Therefore, further
investigation into the well-accepted perception Aafstralian broadacre farmers as
short-run profit maximisers is required. Futuredstigation could be an attempt to
impose this condition using a larger dataset diedght estimation software. Another
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potential approach to investigate this issue isassess the impact of imposing
regularity conditions on elasticity estimates usiBgyesian methods such as in
Griffiths et al. (2000), O'Donnelet al. (1999) and Terrell (1996).

Regarding the performance of the translog and niarethquadratic functional forms
in this thesis, it should be noted that no attemps made to impose the curvature
condition on the translog functional form in esttima. The decision to not impose the
curvature condition using the Cholesky decompasifior this functional form was
taken due to the potential fer priori restrictions on price elasticities resulting from
such an action (Terrell 1996 and Diewert and Wdl887). Use of the Cholesky
decomposition at a representative data point mréutesearch, such as in the procedure
proposed by Moschini (1999), may guarantee a nmetisfactory empirical assessment.
Bayesian methods may also be employed to asses$félots that the imposition of the

curvature condition has on elasticity estimategHd functional form.

In this thesis, empirical evidence of the choicdl@tible functional form is limited to
the two most popular functional forms, being tragsand normalised quadratic. The
approach used to assess the performance of theséutetional forms here can be
employed to investigate the suitability of otherxible functional forms such as the
Generalised Leontief, Fourier, Box-Cox, Asymptadticddeal and Full Laurent. Like
models derived from the translog and normaliseditate forms, models derived from
the other flexible functional forms commonly haviaeaye number of parameters to be
estimated. Therefore, a large dataset, ideallyr@tticro or quasi-micro level, would
be valuable for the assessment of the performahtieese functional forms in duality

applications.

The positive outcomes regarding the curvature c¢mmdi in this thesis can be
attributed to the large AAGIS quasi-micro datassedi for estimation. This large
dataset allows for the inclusion of many qualitatdummy variables to accommodate

potential differences across geographical locatignsduction focuses and operation
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scales. These dummy variables were found to bestatatly significant in all models

estimated in this study, indicating that broaddarening operation differs significantly

across zones, industries or scales. The samplesistudy is not large enough to allow
the estimation of separate models for individualesy industries and scales. However,
information regarding differences in broadacre fagnacross zones, industries and
production sizes is valuable for policy making. fidfere, in the future, a larger dataset
that allows estimation of separate models for diffé broadacre zones, industries and

sizes will help in broadening the knowledge of Aalsan broadacre agriculture.

Risks and uncertainties caused by weather condit@ma market price changes were
not explicitly dealt with in this thesis and in dibaapplications in general. This has
been considered a significant limitation of the ldyatheory. Future research can
explicitly incorporate risks and uncertainties lpesifying error-components models
such as in O'Donnell and Woodland (1995) or stategiegent models proposed by
Quiggin and Chambers (2006) and Chambers and Qu{ggD4).

There are structural characteristics of Australapnadacre agricultural production
technology that were not in the scope of this stbdy are of significant economic
interest. These characteristics include returnsctde, homotheticity, separability and
non-jointness in production. The formulation of retsdand tests described in Morrison
Paul (2001), Featherstone and Moss (1994), Fuilgind Perrin (1990) and Chambers
(1988) for multi-product production technologieshdze applied to investigate further

into these structural characteristics of Austrabamadacre agriculture.

Broadacre farming in Australia requires large alitinvestment in capital that is
partially or completely irreversible. This would aessitate long-run production
decision-making that would discourage farmers froaximising short-run profits. The
findings in this thesis are not consistent withrsion profit maximisation behaviour.
This implies that future applications of dualityetiry in agricultural production should

entail careful consideration of the assumption ehosegarding the economic
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behaviour of farmers. Models of intertemporal dyrenof production decisions, such
as Fernandez-Corneg al. (1992), Vasavada and Chambers (1986) and McLardn a
Cooper (1980), can be applied to further undersfantiers’ adjustment behaviour.
Real-options models, traditionally used for pricingky financial products such as
options and futures, can also be applied to modainérs’ investment decisions

concerning different enterprises simultaneouslyrateel on their farms.
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Appendix A: Definition of Variables in
AAGIS Data

Variables Definition

Accounting services ($) Accounting expense forghevey year.

Total advisory fees paid during the survey yealuiding to farm

Advisory services ($) consultants

Al stud fees and herd testing Total expense during the survey year of artifioigemination, herd
(%) testing and stud fees.

Cost of cropping contracts during the survey yeahiding spraying

Contracts - cropping ($) and harvesting.

Contracts - livestock ($) Cost of livestock contsaduring the survey year including mustering.
g)op and pasture chemicals Expenditure on crop and pasture chemicals duriagtinvey year.
Electricity (%) Expenditure on electricity durinlget survey year.

Fertiliser ($) Expenditure on fertilisers and smwihditioners during the survey year.
Fodder (%) Expenditure on fodder during the suryesy.

Fuel oil and grease ($) Expenditure on fuel, od grease during the survey year.
Insurance ($) Insurance expense during the sureay. y

Interest paid ($) Total interest paid during thevey year.

Land rent ($) Total rent paid on land rented osé&hduring the survey year.
Leasing charges ($) ;/I’g;arll payment made on leased plant and/or livestioeig the survey
Livestock materials ($) Expenditure on livestockieni@ls during the survey year.

Water charges ($) Water expense for the survey year

Expenditure on repairs and maintenance of planthimary, buildings

Repairs and maintenance ($) and structures during the survey year.

Seed ($) Expenditure on seed chemicals duringuhey year.

Shearing crutching ($) Total amount paid to shearing and crutching cotwraaduring the
survey year.

Stores and rations ($) Cost of stores and ratiomgged to workers during the survey year.

Telephone ($) Telephone charges during the sureay. y

Vet fees ($) Total veterinarian expense duringstiveey year.

Age of owner manager (yrs) Age of the primary diecisnaker in the farm business.

Age of spouse (yrs) Age of the spouse of the piyrdacision maker in the farm business.

Off farm contracts ($) fj\(/%?\?er(;ecelpts from contract work where part offtlie capital is

Average micron of wool sold . . .
Average micron of the main fleece line.

(micron)
Beef bulls at 30 June (no.) Number of beef bulldiand at 30 June.
Beef calves at 30 June (no.) lglgr;ubr?é of branded beef calves less than 12 morithgeoon hand at
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Variables Definition

Beef cows at 30 June (no.) Number of beef cowsamlat 30 June.

Beef cattle transferred onto The number of beef cattle transferred onto theested property during

farm (no.) the financial year from other properties ownedeaskd.

Beef cattle transferred off The number of beef cattle transferred off the sygdeproperty during

farm (no.) the financial year to other properties that are edvor leased.

Steers and other beef cattle Number of other beef cattle on hand 30 June. Theratattle category

at 30 June (no.) includes steers, bullocks, speyed cows and othfareeot included
elsewhere.

Beef heifers at 30 June (no.) Number of beef reptant heifers on hand at 30 June.

Branding rate (%) Number of calves marked/branded percentage of the number of cows
mated.

Capital appreciation ($) Change in the value oflland improvements, plant, livestock and other

tradeable stocks such as wool and grain, arismg fthanges in their
process during the financial year.

Canola area sown (ha) Area of canola sown for Isaidwring the survey year.
Canola receipts ($) Gross receipts for canola dofihg the survey year.
Canola produced (t) Total quantity of canola pratlic

Field peas area sown (ha) Area of field peas s@whdrvest during the survey year.
Field peas receipts ($) Gross receipts for fielaspsold during the survey year.
Field peas produced (t) Total quantity of field peaoduced.

Lupins area sown (ha) Area of lupins sown for hsirgeiring the survey year.
Lupins receipts ($) Gross receipts for lupins ghldng the survey year.
Lupins produced (t) Total quantity of lupins proddc

Cotton receipts ($) Gross receipts for cotton skldng the survey year.
Rice sold (t) Total quantity of rice sold.

Barley receipts ($) Gross receipts for barley shldng the survey year.

Grain legumes receipts ($) Gross receipts for degjumes sold during the survey year. Grain
legumes includes lupins, field peas, chick peas, @eas, pigeon peas,
mung beans, faba beans, navy beans and otherlggaimes.

QOats receipts ($) Gross receipts for oats (graild) during the survey year.

Off farm sharefarming ($) Receipts from sharefagrivestock or crops on land that is owned by
someone else.

Oilseeds receipts ($) Gross receipts for oilseeltsduring the survey year. Oilseeds include

linseed, sunflowers, safflower, canola, soybeaio|d and other oilseeds.

Payments to sharefarmers Payments made to sharefarmers who use land onitheyed property to

(%) produce crops or livestock.

Rice receipts ($) Gross receipts for rice soldmythe survey year.

Sorghum receipts ($) Gross receipts for sorghuih doting the survey year.

Total crop gross receipts ($)  Total gross recdipim sale of crops and hay during the survey year.

Wheat receipts ($) Gross receipts for wheat softhduhe survey year.

Value of land and fixed Estimate of the market value of all land operated fixed improvements

improvements ($) as of the end of the financial year. Estimatedigydwner-manager or
co-operator in the survey.

Total area cropped (ha) Total farm area croppddl(wea of crops sown or planted less areas
double counted or interplanted) including areasa@ubay.

Barley area sown (ha) Area of barley sown for hstrdeiring the survey year.

Barley produced (t) Total quantity of barley proddc
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Variables Definition
Grain legumes area sownrArea of grain legumes sown for harvest during thevey year. Grain
(ha) legumes include lupins, field peas, chick peas, paas, pigeon peas,

mung beans, faba beans, and navy beans.

Grain legumes produced (t)  Total production of giagumes during the survey year. Grain legumes
includes lupins, field peas, chick peas, cow pe@gon peas, mung
beans, faba beans, navy beans and other grain ésgum

Oats area sown (ha) Area of oats sown for haruestglthe survey year.
Oats produced (t) Total quantity of oats produggdif).
Oilseeds area sown (ha) Area of winter oilseedsndowharvest during the survey year and area

of summer oilseeds sown during the survey yease@ds include
linseed, sunflower, safflower, canola, soybeanlardda.

Oilseeds produced (t) Total area of oilseeds sawimg the survey year. Oilseeds include
linseed, sunflowers, safflower, canola, soybeao|d and other oilseeds.

Rice area sown (ha) Area of rice sown for harvesing the survey year.

Sorghum area sown (ha) Area of sorghum sown dthiegurvey year.

Sorghum produced (t) Total quantity of sorghum piczti.

Wheat area sown (ha) Area of wheat sown for hawsng the survey year.

Wheat produced (t) Total quantity of wheat produced

Wheat sold (t) Total quantity of wheat sold durthg survey year.

Total closing capital ($) Total capital at JuneiSthe closing value of all assets used on the farm

including leased equipment but excluding machireny equipment
either hired or used by contractors. ABARE usesketaralue of land
and fixed improvements and livestock/crop inver®@and replacement
value less depreciation for plant and machinery.

Capital at 1 July ($) Total capital at 1st of Jislyhe opening value of all assets used on the
farm including leased equipment but excluding maehi and equipment
either hired or used by contractors. ABARE usesketaralue of land
and fixed improvements and livestock/crop invem®i@nd replacement
value less depreciation for plant and machinery.

Change in farm debt ($) (1)  Increase or decreaain debt during the survey year.

Farm business debt at 30  Total farm business debt at the 30th June.
June ($) (1)

Equity ratio at 30 June (%) Value of owned capitgs farm business debt at June 30 expressed as a
percentage of owned capital.

Area other crops fertilised Total area of other crops (excluding wheat andysathat fertiliser was

(ha) applied to during the survey year.
Area pasture fertilised (ha) Total area of pasthae fertiliser was applied to during the survegrye
Area wheat fertilised (ha) Total area of wheat fediliser was applied to during the survey year.

Total quantity of gypsum  Total quantity of gypsum applied to crops and pastluring the survey
applied (t) year.

Total potassium applied (t) Total quantity of psias applied to crops and pasture during the

survey year.

Total quantity of lime Total quantity of lime applied to crops and pastlmeng the survey

applied (t) year.

Total nitrogen applied (t) Total quantity of nitexgapplied to crops and pasture during the survey
year.
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Variables

Definition

Total NPK fertilisers applied
(t)

Total quantity of NPK fertilisers applied to croasd pastures during the
survey year.

Total phosphorus applied (t)

Total quantity of phusurus applied to crops and pasture during the
survey year.

Total area fertilised (ha)

Total area that fertitisvas applied to during the survey year.

Total area gypsum applied
(ha)

Total area of crops and pasture that gypsum wadsedpp during the
survey year.

Total area lime applied (ha)

Total area of crops asture that lime was applied to during the surve
year.

Total area NPK applied (ha)

Total area of crops@asture that NPK fertilisers were applied to
during the survey year.

Buildup in trading stocks ($)

The imputed valueatifchanges in the inventories of trading stocks
during the financial year. It includes the valueaaf/ change in herd or
flock size or in the stocks of wool, fruit and graiheld on farm. It is
negative if stocks are run down.

Depreciation ($)

Estimated by the diminishing vatoethod, based on the replacement
cost and age of each item. The rates applied arstémdard rates
allowed by the Commissioner of Taxation. For itggnschased or sold
during the financial year, depreciation is assessaflthe transaction
had taken place at the midpoint of the year. Cattn of farm business
profit does not account for depreciation on itemigject to a finance
lease because cash costs already include finaase payments.

Farm cash income ($)

Farm cash income is the diffar between total cash receipts and total
cash costs.

Farm business equity June 30 Value of owned capital, less farm business debtaé 30.

® @)

Produce purchased for resale Produce purchased for resale.

(%)

Profit at full equity ($)

Profit at full equity egis farm business profit, plus rent, interest and
finance lease payments, less depreciation on légsad. It is the return
produced by all the resources used in the farrmessi

Profit at full equity including
capital appreciation ($)

Profit at full equity plus capital appreciation.

Farm business profit ($)

Farm business profit exjtein cash income plus buildup in trading
stocks, less depreciation expense, less the impaled of the owner
manager, partner(s) and family labour.

Farm liquid assets at 30 June

$)

Liquid assets (readily convertible to cash) owngabavailable to the
farm business at June 30

Total cash costs ($)

Sum of payments made by tine faisiness for permanent and casual
hired labour (excluding operator or manager, parane family labour),
materials, services, produce purchased for relbadstock purchases and
transfers onto the property, interest and paymensbarefarmers.
Capital and household expenditures are excluded foval cash costs.

Total cash receipts ($)

Total of revenues recebsethe farm business during the survey year,
including revenues from the sale of livestock, diteek products and
crops, plus the value of livestock transfers gffraperty. It includes
revenue received from agistment, royalties, rebagdsnds, plant hire,
contracts, sharefarming, insurance claims and casgt®n, and
government assistance payments.
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Variables Definition
Hours worked on farm by Hours worked by the primary decision maker in tlenrf business.
owner manager Labour as measured here in hours a week is avemgedhe whole year

and includes all hours worked in excess of 40 haurany one week.
This variable is available from 1994-1995 onwards.

Handling and marketing ($) Total handling and mérigeexpense during the survey year on all
commodities.

Harvest loan at 30 June ($) Balance outstandidgr 30 on advances made for grain sold through
the pools system. Repayment of harvest loans isrwnriten.

Hours worked on farm by Hours worked by the spouse of the primary decisiaker in the farm

spouse business. Labour as measured here in hours a weeleliaged over the

whole year and includes all hours worked in excd<g) hours in any
one week. This variable is available from 1994-168#ards.

Hours worked on farm - total Total hours workedféiyn business managers, partners, family, hired
permanent and casual workers and sharefarmersitiudeng work done
by contractors. Labour as measured here in howeek is averaged
over the whole year and includes all hours workeebicess of 40 hours
in any one week. This variable is available fror84-9995 onwards.

Area grazing land irrigated Total area of land primarily used for grazing thais irrigated during the
(ha) survey year.

Total area irrigated (ha) Total area of land thas\vrigated during the survey year.

Imputed labour cost ($) Payments for owner/managdrfamily labour may bear little
relationship to the actual work input. An estimatéhe labour input of
the owner/manager, partners and their familieslisutated in work
weeks and a value is imputed at the relevant FeEBestoral Industry
Award rates.

Total labour used (weeks) Labour used is the tataiber of full time weeks worked by all farm
workers including hired labour. If an individual vks less than 40 hours
in an average week, the estimate is convertedairitdl time week

equivalent.

Wages for hired labour ($) Wages paid to casualpgmchanent labour. Excludes amounts paid to
contractors such as shearers and wool classers.

Agistment ($) Amount paid on livestock agistedfaffm (excludes lot feeding costs off
farm).

Beef cattle sold ($) Gross receipts for beef catble during the survey year.

Beef cattle purchased ($) Cost of beef cattle mseh (including beef bulls) during the survey
year.

Sheep sold ($) Gross receipts for sheep sold dtnmgurvey year.

Sheep purchased ($) Cost of sheep purchases (imgltains) during the survey year.

Livestock transfers - inwards The value of livestock transferred onto the surdgyeperty during the

(%) financial year from other properties that are owoebkased.

Livestock transfers - outward The value of livestock transferred off the survepeaperty during the

(%) financial year onto other properties that are ownrelgased.

Beef herd at 30 June (no.) Number of beef cattleand at 30 June.

Beef cattle purchased (no.) Number of beef catitkelpased during the survey year.

Beef cattle sold (no.) Number of beef cattle saldm the survey year.

Beef cattle sold or transferred The number of beef cattle turned off equals thelmemof beef cattle sold

off farm (no.) plus any cattle transferred to other properties.
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Variables

Definition

Dairy cattle at June 30 (no.)

Number of dairy eatth hand 30 June.

Sheep and lambs shorn (no.)

Number of sheep arukslahorn during the survey year.

Sheep flock at 30 June (no.)

Number of sheep od Bardune.

Sheep purchased (no.)

Number of sheep and lambkased during the survey year.

Sheep sold (no.)

Number of sheep and lambs soldgitire survey year.

Area operated at 30 June (ha)

Includes all landabee by the farm business at the end of June
whether owned or rented by the business. Land frared on another
farm is excluded.

Net capital additions (%)

Total additions/purchaskland, buildings, structures, plant and
equipment (excluding leased items) less total ammarived from the
sale of land, buildings, structures, plant and popant.

Total family income ($)

Family share of farm casbdme less family share of depreciation plus
all off- farm income of owner manager and spouse.

Family share of farm income

) 4

Ownership share of farm income of owner managensp and
dependant children.

Total non-farm income ($)

Total off farm incometb& owner manager and spouse in the survey
year including rent, dividends and interest.

Total off farm wages ($)

Total off farm wages amtbses earned by the owner manager and
spouse during the survey year.

Off-farm work for owner
manager

Hours the primary decision maker in the farm bussngorks off farm
for wages and salaries. Labour as measured hé@iirs a week is
averaged over the whole year and includes all hoorked in excess of
40 hours in any one week.

Off-farm work for spouse

Hours the spouse of thmpary decision maker in the farm business
works off farm for wages and salaries. Labour aasueed here in hours
a week is averaged over the whole year and incladiésurs worked in
excess of 40 hours in any one week.

Other administration expensesincludes bank fees, legal fees, postage, prinsitagionary, subscriptions

(%)

and other administrative expenses not listed agragpexpense items.

Other farm income ($)

Other farm related receipt aire not listed as a separate revenue items.

Other livestock purchased ($)

Other livestock pasgs, excluding sheep, beef cattle and dairy cattle
purchased during the survey year.

Other materials ($)

Other material expenses indwdaol packs, tree and vine replacements,
packing materials, water for livestock, electrictyd other material
expenses not listed as separate variables.

Other services ($)

Includes business related matbicle expenses, plant hire, packing
charges, travel and entertainment and other serglated expenses not
listed as separate cost items. Note that servicdade leasing charges.

Other livestock sold ($)

Gross receipts for othedtock sold. Other livestock excludes sheep,
beef cattle and dairy cattle sold during the suryesr.

Population

Estimated number of farms in the setecttegories.

Rate of return including
capital appreciation (%)

Profit at full equity expressed as a percentagetaf opening capital
(including capital appreciation).

Rate of return excluding
capital appreciation (%)

Profit at full equity expressed as a percentagetaf opening capital
(excluding capital appreciation).

Shire and PPB rates ($)

Includes shire rates, pdgimtection board rates and other rates
appearing in financial accounts.

Sample Contributing

Number of sampled farms insblected categories.
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Variables

Definition

Ewes at 30 June (no.)

Number of ewes on hand 3. Jun

Lambs at 30 June (no.)

Number of marked lambsthess 12 months of age on hand 30 June.

Rams at 30 June (no.)

Number of rams on hand 3. Jun

Wethers at 30 June (no.)

Number of wethers on Banitline.

Total freight ($)

Total freight paid during the 8ay year on all commodities.

Total wool sold (kg)

Total quantity of wool soldrihg the survey year.

Total wool gross receipts (%)

Gross receipts fooleuring the survey year.

Total wool produced (kg)

Total quantity of wool preced during the survey year.

Wool cut per head (kg)

Estimated quantity of womduced per sheep shorn (including lambs).
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Appendix B: The McElroy System-Wide R

The adjustedR? for individual equations in the derived share/ditgrsystem are not
useful in judging how well the estimated systemgla&x the variation in the shares or

guantities. Rewrite the derived supply/demand syst®y stacking M columns of

Y| [X 0 - 0} h &
O X -~ 0 £
shares/quantities s¥2 =L Q + 7 |=XB+e.

Ym 0 0 - X]h, Ewm
McElroy (1977) presents a goodness-of-fit measwe d& system of seemingly

_ECTOE

— where £ is the estimatedVl x M
yE oAy

unrelated regressions &k’ =1

covariance matrix of the disturbancdsjis a TxT identity matrix;T is the number

of observationsj is aT x1 column vector of onesy is the column vector of stacked
dependent variables; anob\:l—%ii'. This system-wide R> can be used in

conjunction with the adjuste®&’ of individual equations to evaluate the perforneanc
of the share or quantity systems.
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Appendix C: Bootstrapping Standard
Errors for Elasticities

Elasticity reports encompass their point estimaded standard errors. Because
elasticities are nonlinear functions of the parametstimates and the predicted
shares/quantities, it is not appropriate to usealinTaylor series approximation (the
delta method) to calculate the standard errorghik study, bootstrapping is used to
generate the standard errors of the elasticitibss Technique uses the sample data
itself to obtain sampling properties of elastigtiePrevious applications of the
bootstrapping method for reporting elasticitieslude Marsh (2005), Eakiet al.
(1990), Greeret al.(1987), Krinsky and Robb (1986), Freedman andrB€1®84) and
Gallant and Golub (1984). This study follows thegadure for calculating standard
errors described in Eaket al.(1990), which has the following steps:

1. Estimate the share/quantity system using FIML metho

2. Create and save the residuals from the estimastdray

3. Create a new sample of residuals by drawing rangomth replacement, from
the estimated residuals.

4. Create an artificial sample of the dependent végalby adding the newly
drawn sample of residuals to the fitted valuesegfehdent variables from Step
1.

5. Run the estimation of the share/quantity systemgu&iIML and the artificial
sample of the dependent variables formed in Stapddthe actual sample of the
independent variables.

6. Calculate and save Allen partial, own-price andstprice elasticities using the
estimated parameters and predicted shares/quartiitained in Step 5.

7. Save the medians of the calculated elasticities.

8. Repeat the procedure described in Step 3 to steprial) for 500 times.
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9. Calculate the standard deviations of the distrdutof the elasticity medians
repeatedly generated from the 500 trials. Thesedatd deviations are the

bootstrapped standard errors of the elasticities.
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Appendix D: Heteroskedasticity in the
System of Share Equations Derived from
the Translog Cost Function

If farm-level prices and quantities are observdie tost share for input is:

W%

c= =f(W,Y,Z )+ y, (E.1)

(R
2 W%

=1
where n is the number of inputs used in production and eé&won u. is independently

and identically distributed with a normal distribution @hnstant variance and mean
zero. In this study, the input prices observed for a geaithe same for all cells since
the ABARE national price indices are used in place of tiebserved actual prices. On
the other hand, the cells’ observed quantities are thmgeef the constituent farms’
guantities. Consider a cell with farms over which the average is taken. Hetlenote

the index of farms in this cell. The observed cost st@mrmputi becomes:

Becausew, =w with d =1, 2, ... ,e, we have:
e WX D W
d=1 — d=1

QWK L2 W

= d j=1d=1

(E.2)

1 n
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From the definition ofc, in (E.1), we can writec, ZWJ- Xq = WX - Summing the share
j=1

over all farms in the cell it follows tha} ¢, > w %, =>_ w1 . Substituting this into
d=1

d=1 =1

chZle X >cyC,

(E.2) results in € = d:e - ==L , Wwhere C, is the total cost incurred by
2 WX .G
d=1 j=1 d=1

farm d. In a special case, if all farms in the cell have theeseostC, this observed

e

> cC dZ_qd

share reduces t§ =<4 =

1
>e o ©

d=1

=5 (E3)

where C is the observed average of cost shares for indot the cell. Although it is

unrealistic to assume that all farms within a cell have theesproduction cost, the
derivation above shows that there would be some ebivel between the cell sample
size and the variance of the error terms, and that wegghsinliikely to be more
appropriate than to ignore the effects of nonconstamnee. (Note that in the AAGIS
dataset, the surveyed farms are classified into thaem fizes and therefore the
production cost for farms within a cell can be fairly simita each other, which

reinforces (E.3)). In the case whe@ instead of ¢ are used for econometric

estimation, weighting by the square root of the sample sizeuld be appropriate to
account for heteroskedasticity (Wooldridge, 2006). Inditeah, simple linear
regressions show that at least some linear relationghiist between the cell sample
size and the squared estimated residuals obtained frenshare system estimated
without weighting. So, weighting the variables included in tiesgived cost share
system is appropriate to correct for heteroskedastiaitged by the quasi-micro nature

of the data used for estimation in this study.
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