Copyright is owned by the Author of the thesis. Permission is given for
a copy to be downloaded by an individual for the purpose of research and
private study only. The thesis may not be reproduced elsewhere without
the permission of the Author.



APPLICATIONS OF
MATHEMATICAL PROGRAMMING
ON FOUR NEW ZEALAND

HORTICULTURAL HOLDINGS

L.N. RAE

Thesis Presented in Partial Fulfilment
of the Regquirements for the Degree
of
Master of Horticultural Science

in

Massey University

L

November 1968



ACKNOWLEDGEMENTS

The author wishes to thank his two supervisors, Professor W.V.
Candler and his successor, Professor A.R. Frampton, for their advice
and encouragement received during this study. ©Special thanks are due
to Professor Candler who obtained a sclution to the quadratic
programming study of Chapter 5 at Purdue University, Indiana, U.S.A.
But for a lack of time a soluticn to the guadratic programme of
Chapter 6 would have been obtained from the same source.

The author also wishes to express his thanks to the four
horticulturalists who willingly gave of their time to allow the various
programming models to be constructed.

Thanks are due to Mesdames J. Bishop and M. Clifford for typing,
and to the library staff for their assistance in obtaining references.

Finally, thanks are due to members of the Horticulture Depart-
ment, Massey University, with whom the author had discussions from

time teo time.



CCNTENTS

Page
CHAFTER 1 INTRODUCTICON ~ND THxSIS CUTLINE 1
1.1 Introduction 1
I Cbjectives of the Study 2
T3 The Agpproach to the Study 3
1.4 Some Common Criticisms of Mathematical
Programming for Horticulture 5
1e401 Problems of price and yield variability b
1.4.2 Methods of overcoming price =zand yield
variability L
1d6:3 The problem of lack of farm records 5
Teltalt Frovlems peculiar to process vegetable
production 6
1.5 An Cutline of the Thesis 6
CHArTLR 2 A DESCRIFTION OF LINELR ~ND QUADReTIC FROGRAMMING 8
2.1 Linear Frogramuing 8
2.1.1 Introduction 8
2e1s2 The assumptions 9
25Ne24M The linearity assumption 9
2e14242 The additivity assumption 9
2elele3 The non-negetivity assumption 10
2.1.2.4 Single-value expectztions 10
2:Te2.5 The convexity assumption 10
2eTe3 The objective functicn 11
2.7.4 The activities 1
2eTe5 The restraints - 12
2.1.6 The non-negativity requirement 12
i B 4 A summary of the linear programme problem 12
2.1.8 Disposal activities 12
219 The valuation of resources 13
2.7.10 Linear programme solutions and their
interpretation 14
2:1.11 Sensitivity analysis 15
2.1.11.1 Stability of the optimum plan to price
changes 15
2.1.11.2 The limits to which non-basic activities "

may enter the basis



2.2 Quadratic Programming 18

2e2 s Introduction 18
2e2.2 Statement of the quadratic programming
problem 19
2ee The related lagrangizn problem 19
2.2.4 The partial derivatives 20
2.2.5 The related linear programming problem 22
2240 An algorithm for solving quadratic
programuing problems 22
2ee7 Interyretation of the solution 25
by S | Real activities in the basis 25
Badel el Real zctivities not in the basis 25
2elialnd Imputed values of scarce resources 25
2.2.7.4 Resources in disposal 25
2.3 Risk Programming 25
2¢3e7 Introduction 25
243542 Some examples of stochastic errors in
horticultural production data 27
2:3.3 An outline ofrisk programming 28
2.3.4 LA measure of risk 30
2e el Mathematic:zl statement of the risk
programming problem 32
CHAFTER 3 LINEAR PROGRAMMING ‘ND FROFIT MAXIMISATICN ON
N OGTAKI HORTICULTURAL HOLDING 34
3.1 Intrecduction 24
2.2 A Description of tihe Holding 34
Jele Locaticn ~nd size 4
Belsl Leased iand 35
Bela3 Glasshcuse area 25
3e2alt Cropping practice 35
3245 Soil types 25
24246 Rainfall 2nd irrigation 36
36247 Disease problems 36
3.5 The Restraints 37
3e3e1 Problems of timing ol production 37
R Freehold land (restraints R1-R7) 39
3e3e3 Leased land (restraints R8-R15) 39
3.3k Labour availability (restraints R16-R3%) 4o

BadeD Cropping limits (restraints R4O-R52) L2



3.4 The isctivities

Folb
3.4.2
3.4.3
3.h.4
3.4.5
3.4.6
34,7
3.4.8
3.4.9
3.4.10
3.4.11
3.b.12
Jelia 13
3.ba1b

Production on leased and freehold land
Cauliflower (P1)
Cucumber (P2)

Tomato (F3)

Lettuce (P4)

Pumpkin (P5 and P10)
Rhubarb (P6)

Soleil d'Ors (P7)
Lettuce (P8)

Carrot (P9)

Cucumber (P11)
Cabbage (P12)
Cauliflower (P13)

Glasshouse cucumber (P14)

3.5 The GCbjection Function

3.5.1
o5
BeFelal
3.5.242
35243
3543
3e5¢35.1
3e5:3.2
2D b
3541
3.5.4.2
34545

Introduction

Calculation of gross margins
Expected prices znd yields
Variable costs

Gross margins

Perennial crops and discocunting
Present value of rhubarb (P6)
Present value of Soleil d'Ors (P7)
Calculation of annuities
Rhubarb (P6) annuity

Soleil 4'0Ors (P7) annuity

Overhead costs

3.6 Input-Output Coefficients

= P
3642
34643
3.6,k
3.6.4.1

265

Freehold land restraints
Leased land restraints

Labour restraints

Cropping limit restraints

The glasshouse restraint (R52)

Dominated restraints

3.7 The Basic Matrix



3.8

39

3410

The Solution
B84l The cropping programme

3.8.2 Comparison of the linear programme
solution with the grower's plan

3.8.2.1 Comparison of activity levels
3.8.2.2 Comparison of prefits

3.8463 Stability of the optimum plan
3.8.4 Unused resources

3.8.4.1 Land

3.8.4.2 Labour

5:.8.5 Value of resources

3.8.5.1 Land

3.8.5.2 Labour

3.8.5.3 Cropping limits

3.8.5.3.1 The tomato cropping limit

A Parametric Solution

3491 The reason for computing alternative plans
K, = P Parametric linear programming
%:9:3 Activity levels in the parametric

scluticn
3.9.4 Resource values in the parsmetric solution
34945 Supplementary, complementary and

competitive relationships within the
parametric solution

Adoption by the Grower of & Linear rrogramme
Solution

%5+ T0:1 Introductiocn

3.710.2 Comparison of the adopted plan with the
grower's plan

3.10.2.1 Comparison of activity levels
3¢10.2.2 Comparison of profits

3.10.2.3 Comparison of resource requirements
3.170.3 Stability of the adopted plan
3.10.3.1 Stable components of the plan
3+410.3.2 Unstable components of the plan
3,10.3+.3 Crop which may become profitable
3.10.4 Unused resources

3.10.%.1 Land

3.10.4.2 Labour

68
68

68
71
71
73
75
74
75
72
76
76
77
77
77
77

79
79

82

35

86
86
88
88
91
91
93
b
95
95
96



3.10.4.2.9 COverhead labour
3.10.4.2.2 Replanting perennial crops

3410.5 Value of rescurces

3«11 Increased Profits and Taxation

3.12 Grower's Comments on the Programming Solutions

Je1241 Physical plans

Zeld.2 Rescurce disposesl levels

3:.124.3 Shadow prices

3. 124 Further comments on the adopted plan

CHAFTER 4 INVESTMENT IN PrRENNIsL CRCES - A CAFITAL

ba

4,3

BUDGETING, INTERTEMPORAL LINEAR PROGRAMME

Introduction
he141 The reason for an intertemporal approach
b.1.2 Brief review of intertemporal

programming in farm management
4143 An outline of the intertemporal
programming matrix

Description of the Holding

ho2.1 Location and size

L.2.2 Present cropping practice

L.2.3 Future cropping prsctice

b,2.3.1 Treatment of the young apple and
young asparagus crops in the model

h,2.h Intercropping

he245 Soil types

4.2.6 Irrigation

427 Disease problems

The Restraints

4,3.1 Land

h.z.2 Labour

.33 Crops grown under contract for
processing

h.3.4 Restrictions on fresh market crops

4.3.5 Rotation restraints

k,3.6 Cash and taxation restraints

L,3.6.1 Treatment of cash flows in the model

L,3.6.2 Tax-free cash avsilable at the
veginning of the development period

4.5603 Net revenue from the young apple and
asparagus Ccrops

L,3.6.4% Wiithdrawals of tax-free cash

97
97
98
98
101
101
102
103
105

107
107
107

108
110

110
110

i <

113

114
114
114
115
115
115
115
117

119
122
122
124
124

125

126
127



ok

b.5

4.3.6.5 Tax-deductible overhead costs

h.3.6.6 Total tax-deductible expenditures
be3.6.7 Taxation limits

4.2.6.8 Summary of cash and taxation restraints
I P Objective function accounting restraints

The Activities

b.4.1 Introduction
4oh.2 Intercropping activities
L.h.3 Annual cropping activities

b4eh.3.1 Tomato
holie3.2 Green bean

L.bh,3.3. Beetrcot

b.h.3.4 Potato

b,h.3.5 Pea

Lh.b.3.6 Carrot

L.4.3.7 Broad bean-kumars

hob.3.8 Kumara

4.4.3.9 Mangold

L.4%.2.10 Ryegrass

Lol Existing perennial plantings
Lo b1 Old asparagus

hoh, 4,2 0ld peach

4. 4.5 New plantings of perennizls
b.4.5.1 Asparagus

Loh.5.2 Apple

hoha6 Land transfer activities
b,4.6.1 Annual cropland transfer
bolk.6.2 Asparagus land transfer
heh.6.3 Peach land transfer

hoeh.6.4 Fallow

LoL,7 Activities to hire labour
L,L4,8 Taxation and tax-deductible expenditures
L.4.8.17 Taxation transfer activities
L,4,8.2 Tax-deductions transfer
Lohk.9 Bank activities

L.4k.10 Final tax-free cash and final assets

Input-Output Coefficients

137
137
137
137
137
137
138
138
138
139
139
139



4.6
4.7
4.8

1!’.9

4.10

b.5.1
bhe5.2
4.5.3
L.5.k
k,5.5
4,5.6
4457
§:5.2:1
Bl el
4.5.8
4,5.841
4.5.8.2
4e5.8.2.1
by S Bl
4.5.8.2.3
b.5.8.2.4

Introduction

Land restraints

Labour restrzints

Process crop restraints

Fresh market crop restraints
Rotation restraints

Cash zand taxation restraints
General description of coefficients
Derivation of marginal tax rates
Objective function accounting restraints
General description of coefficients
Derivation of asset values
Introduction

The procedure adopted

Optimum replacement times

Calculation of asset values

The Cbjective Functicn

The Basic

Matrix

The Sclution

4.8.1
4.8.2
h:8.2.9
4.8.2.2

4.8.2.3
,8.2.4
4.8.3
4.8.4
4.8.5
4.8.5.1
4.8.5.2
4,8.5.3
4.,8.5.4
4.8.5.5
4.8.6

4 parametric sclution
Activity levels: Flan 4
Intercropped and annual cropping activities

Perennial crops and land transfer
activities

Activities to hire labour

Cash flows znd taxation

Value of the objective function: Plan &
Resources in disposal: Flan 4

Value of resources: Flan %

Introduction

Annual cropland restraints

Labour restraints

Process and fresh market crop restraints
Tax-free cash restraints

Opportunity costs of growing excluded
crops: Plan 4

Effect of Varying the Length of the Planning

Horizon

Discussion on the Programming Results

139
140
142
143
145
145
147
147
149
150
150
152
152
153
153
155
156
158
158
158
162
162

163
164
165
168
168
170
170
171
171
172
173

174

176
177



Lk.10.2 Resource use znd disposal levels
4.10.3 Problems associated with the variability
of input-output coefficients
L.10.4 Value of resources
L,10.5 Summary
CHAFTER 5 QUADRATIC IPROGRAMMING AND PROFIT
MAXTMISATICN
541 Introduction
_ 5.2 The Approach Adopted
5D The Restraints
5s3:1 Glasshouse restraints
5e3+1.:1 Propagating-house (restraints R1-R13)
5+3«1.2 Growing-house (restraints R14-R26)
543413 Shade-house (restraints R27-R36)
o e Labour (restraints R37-R41)
5.3.3 Land (restraint RL2)
Se3ekt Summary of resource supplies on the
hypothetical nursery
5l The ictivities

L,10.1

Selts1
S.lta2
Salta3
Selt bt
5.k.5
5.4.6
5.4.7
5.4.8
5.4.9
S5.4.10
Sel.11
5.4.12
5.4.13
S.h.1k

5¢4.15
Selte16

Se4.17

Physical plans and problems with
changed contracts

Telopea speciosissima (F1)

Acacia baileyana (P2)

Passiflora 'Crackerjack' (P3)
Banksia grandis (P4)

Photinia robusta (P5)

Eucalyptus ficifolia (P6)
Stachyurus praecox (P7)

Cistus purpureus 'Brilliancy' (P8)
Protea cynaroides (P9)

Tibouchina grandiflora (P10)
Azalea indica 'Salmonea' (P11)
Viburnum japonicum (P12)
Rhododendron 'Christmas Cheer' (P13)

Weigela florida variegata (P14) and
Forsythia 'Karlsax' (PB)

Azalea occidentalis (P16)
Magnolia stellata (P17)

Callicgrpa dichotoma (P18) and
Hypericum 'Hidcote Gold' (P19)

177
172

180
180
181

183

183
185
186
186
186
187
188
189
190

190
191
191
191
192
192
192
183
193
193
193
194
194
194
195

195
195
196

196



55 Input-Output Coefficients
e Froblems of multi-period production
54542 Glasshouse restraints
Be5e 3 Labour restraints
5.5.4 Land restrzint
56545 Dominated restraints
5.6 Matrix of fLctivity Resource Requirements
57 The Objective Function
Hega Introduction
5.7.2 Estimation of the demand functions
Be TS Variable costs
54744 Total net revenue objective function
5745 Overhezad costs
5.8 The Solution
54841 Introduction
5.8.2 Comparison of the optimum plan and
the nurseryman's plan
5 8e241 Production levels and prices
5.8.2.2 Comparison of net revenue
5.8.2.3 Comparison of resource reguirements
5.8.2.3.1 Glasshouse restraints
5.8.2.3.2 Labour and land restraints
583 Rescurces in disposal
5.8.4 Value of resources
5.8.5 The cost of including non-basic
activities in the optimum plan
5.9 Comments on the quadratic Frogramming lModel
and Results
5.9 Extension of the model to represent
actual situations
5.9.2 Incorporation of demand cross-effects
into the quadratic programme
56943 Problems associated with the demand
curves
5.9.4 Shadow prices and resource disposal
levels
CHAFTER 6 RISK FROGRAMMING AND FRESH VEGETABLE
FPRODUCTICN
6.1 Introduction
6.2 The Restraints
6.241 Land

6242 Labour availability

196
196
198
198
200
201
201
203
203
203
205
208
209
209
209

210
210
213
213
213
216
216
216

2%

222
222
223
223
22k



643 The Activities
64341 Production on freehold and leased land
B.5a2 Spring carrot and parsnip
6:3.3 Crown puwpkin
6.3.4 Buttercup puunpkin and butteraut pumpkin
64345 Brassica activities
6a3 a5 dinter cuuliflower and Winter cabbage
€.3.9.2 Spring cauliflower and Gpring cabbage
6.3.6 Wwinter lettuce
637 Spring lettuce
6ok Input-Cutput Coefficients
6.5 The Objective Function
6.541 Introduction
64542 Activity prices and yields
5453 Variable costs
a5 Activity net revenues
64545 Net revenue variances znd covariances
§:5:5:9 The variance of activity net revenues
6+5.5+.2 The covariance of activity net revenues
ST The variznce - covariance matrix
6546 Overhead costs
6.6 Construction of the Initial Risk Programming
Matzix
647 The Maximum Risk Solution
6701 Introcduction
B2 Comparison of the maximum risk solution
with the grower's plan
e I | Comparison of activity levels
6.7.2.2 Expected net revenue and net revenue
variance
6sTale3 Comparison of resource requirements
BeTed Value of resources
6.7.4 Marginal opportunity costs
6.8 Summary of the Risk Programming Model
CHAPTER 7 SUMMARY OF RESULTS .AND COMMENTS ON
MATHEMATICAL FROGRAMMING IN HORTICULTURE
% Introduction

7.2

6.2.3 Rotations cnd cropping limits

The Linear Programming Applications

239
239

240
22
ah2
2h4L
245

247
247
247



7e5
74

745

Ar¥FENDIX A

A1

A.2

A3

AT FPENDIX

B.1

-

b

The Quadratic FProgramming Applications

The Fotential of Mathematical Frogramming
in the New Zealand Horticultural Advisory
Service

7.4%e1 The general use of programming
techniques

7+4%.2 The use of farm records
7.4s% The role of market intelligence

Conclusions

DATA RELATING TC THE INTERTEMPCRAL LINEAR
FROGRAMME OF CHAFTER 4

Frice, Yield and Variable Cost Estimates
for Annual Crops

Price, Yield and Variable Cost Estimates
for Perenniazal Crops and their Cptimum
Replacement

A.2.1 Apple

A.2.2 Asparagus

A.2.3 Peach

Part of the Basic Matrix

DAT4a OF THE RISK FROGRAMMING MCDEL CF
CHAFTER 6

Description of the Data

2k9

250

250
251
252
253

254

254

257
257
258
261
263

267
267



.21
3.22
325

3.24
3.25
3.26
3.27
3.28
3.29
3.30

LIST OF TABLES

Initial Simplex Tableau for Quadratic Programming
Labour Restraints and Supply
Cropping Limit Restraints

Price and Yield Assumptions
Variable Costs

Gross Margins

Variable Costs - Rhubarb (P6)
Present Value of Rhubarb (P6)
Variable Costs - Soleil d'Ors (P7)
Present Value of Soleil d'Ors (P7)
Overhead Costs

Labour Input - Lettuce Activity (P8)
The Basic Matrix

The Cropping FProgramme

Comparison of Activity Levels and Farm Profits
Between the Optimum and the Grower's Flan

Gross Margin Stability Limits
Land in Disposal

Labour in Disposal

Land Shadow Prices

Cropping Limit Shadow Prices

The Parametric Solution - Activity Levels and
Farm Profits

The FParametric Solution - Value of Scarce Resources

The Adopted Cropping Programme

Comparison of Activity Levels and Farm Frofits
Between the Adopted and the Grower's Flan

Land Requirements of the Adopted and the Grower's Plan

Labour Requirements of the Adopted and the Grower's Plan

Gross Margin Stability Limits - Adopted Plan
Price Limits - Adopted Flan

Yield Limits - Adopted Flan

Land in Disposal - Adopted Flan

Labour in Disposal - Adopted Plan

Page

23
L1
b3
51
53
bL
55
56
57
58
60
oL
67
69

70
72
73
74
75
76

80

86

87

90
92
93
ok
95
96



3.31
4.1
4,2
4.3
Ib

k.5
L.6
L,7
L.8
4.9
L,10
k.11
k.12
L.13
bob
k.15
L.16
k.17

4,18
4.19
4,20
4,21

L.22

4,23
h.2b
L.25
L.26
L.27
4.28
4.29

4.30

5.1
5.2

5.3

Impact of Taxation on Increased Profits
Schematic Representation of the Basic Matrix
Process Crop Contracts

Land Restraints

Labour Requirements of Maintenance Work and the
Young Apple and Asparagus Crops

Labour Restraints

Process Crop Restraints

Fresh Market Crop Restraints

Rotation Restraints

Tax-Deductible Overhead Costs

Cash and Taxation Restraints

Objective Function Accounting Restraints

Land : Input-Cutput Coefficients

Labour: Input-Output Coefficients

Rotation Restraints: Input-Qutput Coefficients

Cash and Taxation Restraints: Input-Output Coefficients

Marginal Tax Rates

Objective Function Accounting Restraints:
Input-Output Coefficients

Asset Values of Perennial Crops
The Objective Function
Price Limits of the Final Assets Activity

Crop Activity Levels Which Vary in the Parametric

Solution

Values of the Objective Function in the
Parametric Solution

Intercropped and Annual Cropping Activities - Plan 4

Perennial Crops and Land Transfer Activities - Flan &4

Labour to be Hired - Plan 4
Cash Flows and Taxation - Plan 4
Resources in Disposal - Plan &

Labour Shadow Prices - Plan 4

Shadow Prices of Process and Market Crop Restraints -

Plan 4

Marginal Opportunity Costs of Growing Non-Basic Crops -

Plan 4

Labour Restraints

Labour Input-Photinia (F5)

Planting Methods and Land Requirements

100
111
112
116

120
121
121
123
124
128
130
131
141
144
146
148
150

109
156
157
159

160

161
162
163
165
166
169
172

173

175
190
199
200



Selt
5.5
5.6
5.7

5.8
5.9
510
5,11

5.12
5.13
6.1
6.2
6.3
6ok
6.5
6.6
6.7
6.8
6.9
6.10

6.11
6.12

6.13
6.1%

W
A.2
A3
Ak
A.5
A.6
A7
A.8
B+
B.2

Activity Resource Requirements and Resource Supplies
The Demand (Average Revenue) Functions
Variable Costs

Output and Prices for the Optimum and the
Nurseryman's Plan

Fropagating-House Requirements of the Optimum and
the Nurseryman's Flan

Growing-House Requirements of the Optimum and the
Nurseryman's Flan

Shade-House Requirements of the Optimum and the
Nurseryman's Plan

Land and Labour Requirements of the COptimum and
the Nurseryman's ilan

Value of Resources

Marginsl Opportunity Costs

Labour Restraints and Supplies

Cropping Restraints

Activity Resource Regquirements and Resource Supplies
Wholesale frice and Quantity Sold - Crown Pumpkin
Prices, Yields and Gross Revenue - Crown Fumpkin
Net Revenue - Crewn Fumpkin

Activity Net Revenues

Variance of Activity Net Revenues

Overhead Costs

Comparison of Activity Levels Between the Maximum
Risk and the Grower's Flan

Expected Net Revenue

Resource Requirements of the Maximum Risk and the
Grower's Flan

Value of Resources

Marginal Opportunity Costs

Gross Revenue from Annual Crops

Variable Costs of Annual Crops

Revenue, Costs and Optimum Replacement: Apples
Revenue, Costs and Optimum Replacement: Asparagus

Revenue, Costs and Optimum Replacement: FPeaches

Sub-Matrix a
Sub-Matrix g
Sub-Matrix h
Quantities Sold, Acreages and Yields

Average Net Wholesale Frices, Yields and Gross
Revenues

202
206
207

211

215

215
217
218
225
226
229
231
232
233
234
235
237

2ho
2k

243
by
24l

255
256
259
260
262
264
265
266
268

269



Be3 Variable Costs

B.h The Net Kevenue Variance - Covariance Matrix

LIST O FIGURES

Figure

Tl An B - V Indifference System
242 Expected Incoume as a Function of Income Variance
Sl Activity Land Requirements

5.2 The Farametric Solution

270
271

Page

29
29
38
81



CHAPTER 1

INTRCDUCTION AND THESIS OUTLINE

3 Introduction

Although fifteen years have passed since the publication of
Y
Dorfman's article describing linear programming in terms readily

understood by the most non-mathematical agricultural economist, and
fourteen years have lapsed since Heady published an articleg/
demonstrating the obvious potential of linear programming in solving
a large class of farm management problems, 'real life' applications
of programming, particularly those concerned with horticultural

2/

management are surprisingly few.

1a Dorfman, Robert, "Mathematical or 'Linear' Programming, a Non-
Mathematical Exposition,'" American Economic Review, vol.kh3,
P.797, 1953.

2e Heady, Earl O., "Simplified Presentation and Logical Aspects
of Linear Programming Technigue,'" Journal of Farm Economics,

vol.36, p.1035, 1954,

3. For interesting applications of programming to horticultural or
part-horticultural holdings, see:
Simpson, I1.G., Hales, A.W., and Fletcher, A., "Linear Programming

and Uncertain Prices in Horticulture," Journal of Agricultural
Economics, vol.15, p.617, 1963;
Camm, B.M., "Risk in Vegetable Production on a Fen Farm," The
Farm Economist, vol.10, p.89, 1962-65;

Wesney, D., "A Study of the Financial Returns to Process Fea
Growers in Hawkes Bay,'" unprublished M.Agr.Sc. thesis, Massey
University Library, 1964; and

Tyler, G.J., "An Application of Linear Programming," Journal of
Agricultural Economics, vol.13, p.473, 1960.




Linear programming has been accepted in the U.S.A. as an extreme-
ly useful and versatile tool for both farm management research and
advisory work but has not as yet been widely accepted in the United
Kingdom, where simpler technigues such as Programme Planningﬁ/are
advocated. Official advisory services in New Zealand tend to be
based on technigues used in the United Kingdom and hence linear

programming has not been given adequate opportunity to demonstrate its

usefulness.

Tl Objectives of the Study

The objective of this study is to evaluate the usefulness of
horticultural management plans formulated by linear and nonlinear"
programming. Such an evaluation will include the feasibility of the
plan itself, the nature of additional information (such as the imputed
value of resources) obtained from the programmed solution (which is
not easily provided by the simpler budgeting methods), and the extent
to which profits may be increased if the programmed solution was put
into practice. Rather than comparing the programmed profits with those
the horticulturalist received in the previous season, they should be
compared with the expected profit, using the prices, yields and costs
assumed in the programme, for the management plan the horticulturalist
considered best before being presented with the programmed solution.

This is considered desirable due to the wide fluctuations in horticultur-

b, Clarke, G.B. and Simpson, I.G., "A Theoretical Approach to the
Profit Maximisation Problems in Farm Management,' Journal of
Agricultural Economics, vol.13, p.250, 1959. For a comparison
of the merits of Programme Planning and Linear Programming see
Candler, Wilfred and Warren Musgrave, "A Practical Approach to
the Profit Maximisation Problems in Farm Management,'" Journal of
Agricultural Economics, vol.14, p.208, 1960.




al incomes that may occur from one year to the next - it is possible
that a linear programme may show a lower level of profit than that
obtained the previous season, simply due to high prices the previous
year.

It will be possible, then, to see just how near the horticultural-
ist's management plan is to the optimum and dependent on this, how
useful mathematiczal programming may be in horticultural management

advisory work.

1e3 The Approach to the Study

Two fresh vegetable growers, one process vegetable grower, and
a nurseryman were chosen as sources of information to allow their
respective production situations to be analysed by either linear or
gquadratic programming.

Although an orchardist was not included in the study, problems
of orchard development are dealt with since the process vegetable
grower intends to plant his property in orchard, gradually phasing out
the vegetable crops grown for processing.

In general, two visits to each grower were necessary to collect
the data required for the programme. The problem was then solved gnd
taken back to the grower for discussion. This resulted, in some cases,
in modification of the programme, so that a further visit to the grower

was necessary before his comments on the final solution could be obtained.



1.4 Some Common Criticisms of Mathematical Programming for Horticulture

It is the belief of some that for various reasons, linear
programming is unsuitable as a method of formulating horticultural
management plans. Some of these reasons are now mentioned, along with
the way in which this study attempted to overcome, or nullify, these

criticisms.

1.4.1 Problems of price and yield variability

Great difficulty is experienced in estimating the next season's
prices of some horticultural products, especially vegetables and flowers
sold at auction, and this uncertainty regarding prices is no doubt the
greatest problem encountered when programming fresh vegetable holdings
in particular. Since weather tends to be an unpredictable factor of
production, problems of yield variability also exist.

It is emphasised, however, that the uncertainty attached to

prices and yields is not a weakness of linear programming techniques

- prices and yields ;ould still require estimation even if crop manage-

ment planning was carried ocut using the most simple budgeting techniques.
Furthermore, a horticulturalist, in deciding what crops to grow

in the following season, either implicitly or explicilly makes some

estimation of expected prices and yields.

1.4.2 Methods of overcoming price and yield variability

Two methods are demonstrated in the thesis.

First, the lihear programme solution includes the range of crop
net returns over which the optimum plan will remain unchanged. If it
can be shown that the range of net returns for each crop permits some

considerable degree of price and/or yield variation without altering



the optimum combination of crops, then the uncertainty attached to price
and yield estimation will not hinder the practical application of the
results as much as had been previously anticipated.

The second method of overcoming price and yield variability is
through the use of quadratic programming to take specific account of
risk aversion, where data is available on price and yield variability.
Since risk (as opposed to uncertainty) refers to variability which is
measurable in an empirical manner, this approach assumes that although
prices and yields cannot be exactly predicted in any specified year,

the probability of their outcomes can be established.

1.4.3 The problem of lack of farm records

Although well kept farm records can readily provide much of the
information required to set up a linear (or nonlinear) programming
model, the lack of such records does not mean that mathematical
programming is impossible.

It was the author's experience that although all growers contact-
ed were becoming increasingly aware of the benefits of keeping production
and marketing records, the lack of a wide range of data did not prevent
the various production situations from being programmed. By careful
questioning and discussion with the grower, estimates of all the requir-
ed information could be obtained.

It is possible that information carried 'in the grower's head!'
may be more subject to error than if such information was available
from records. Again, this is no reason for rejecting mathematical
programming - exactly the same information has been used as the grower
himself would have available in his memory to allow him to plan for the

future.



Tololt Problems peculiar to process vegetable production

At first sight, mathematical programming may appear to be of
little use to process vegetable growers, since the acreages of crops
grown is beyond the control of the grower, being set in the form of
contracts by the processing company. This means that the process
vegetable grower has 'room for manoceuvre' only in the production of
those crops he may grow for the fresh market, or in the carrying of
livestock. This, however, doés not detract from the usefulness of a
programming study - first, it is intended to show just what room for
manoeuvre (production possibilities) the grower actually has, and
secondly, by imputing values to the contracts, the programme will
indicate what each contract is worth to the grower, and how he should

attemEt to alter them.

1.e5 An Qutline of the Thesis

In Chapter 2, both linear and quadratic programming have been
described and concepts used in the thesis, such as the range of crop
net returns mentioned in section 1.4.2, have been developed.

The next four chapters discuss the formulation of various
programming models and their solutions. Where necessary, reference
has been made to Chapter 2 to avoid duplication of the theoretical or
mathematical background of programming.

Chapter 3 illustrates an application of linear programming to
an Otaki fresh vegetable holding and Chapter 4 describes an intertemporal
linear programming application to a Heretaunga Plains process vegetable

holding.



Chapters 5 and 6 both illustrate quadratic programming as applied
to horticultural management. Chapter 5 formulates the optimum manage-
ment plan for a nurseryman who faces downward-sloping demand curves for
some of his products, and Chapter 6 deals with risk aversion on a
Wanganui fresh vegetable holding.

Chapter 7 concludes the thesis by drawing together the various

ideas developed in the preceding chapters.



CHAPTER 2

A DESCRIFPTION OF LINEAR AND QUADRATIC PROGRAMMING

2.7 Linear Programming

1/

2.1.1 Introduction

Linear programming problems are concerned with the efficient
allocation of scarce resources to meet desired objectives. Many
problems which have a definite objective, alternative methods of
achieving the objective and restrictions (for example on the availabil-
ity of resources) can be expressed as linear programming problems.

The objective may be the maximisation of a linear profit
function, or the minimisation of a linear cost function. Specificat-
ion of the problem includes the quantity of resources available, the
possible outputs, the guantity of resources required per unit of out-
put, and the profit (or cost) from a unit of output.

A solution to the linear programme that satisfies both the
conditions of the problem and maximises (or minimises) the given

objective, is termed an optimum feasible solution.

Te For an elementary exposition of linear programming, see:
Heady, Barl O. and Wilfred Candler, '"Linear Frogramming Methods",
Iowa State University Press, 1958, Chapters 1 and 2; and
Dorfman, R., Samuelson, P. and Solow, R., '"Linear Frogramming
and Economic Analysis', McGraw-Hill Book Company, New York, 1958,
Chapter 2.




2e1e2 The assumptions

Linear programming makes use of several assumptions, all of
which must apply to the problem under consideration if realistic

2/

solutions are to be obtained.

2.742s7 The linearity assumption

Linear programming regquires all input-input, input-output and
output-output relationships to be of a linear (straight-line) nature.
That is, the curvilinear isoquants, production functions and trans-
formation curves of production economics theory are replaced by
segmented straight-line relationships.é/

This is analagous to a constant-returns-to-scale assumption, in

that a given change in resource input levels must change output from

the same resources in the same proportion.

2.7.2.2 The additivity assumption

This assumption states that the total output and amounts of
resources used by several enterprises must be equal to the sums of
those of the individual enterprises. That is, a complete accounting,

b/

by enterprises, can be made for each resource and product.

2a If some assumptions do not hold, linear programming may still provide
a useful approximation to the optimum plan.
3. This does not mean that curvilinear relationships cannot be closely

approximated. See Heady, op.cit., p.1038.

L, This does not mean that non-additive relationships cannot be handled.
Thus a rotation activity for tomatoes, sweet corn and ryegrass may
give a greater yield of all three crops than the sum of each crop's
yield when the crops are grown continuously in the same land.
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o The non-negativity assumption

The solution must contain variables at non-negative levels only,

54

since the prcduction of a negative output is meaningless.

2T 2.4 S5ingle-value expectations

Linear programming assumes that resource supplies, input-output
coefficients and prices are known with certainty.é/ Although this
assumption would appear unrealistic in horticultural production, it
must be remembered that this same assumption applies to other manage-
ment techniques such as budgeting.Z/ Therefore linear programming can

provide solutions as realistic as those obtained from other methods

which employ the same assumptions.

2.1.2.5 The convexity assumption

The set of feasible solutions to a linear programming problem
(if a feasible solution exists) is a closed convex set. Therefore if

any two points X, and x2 are in the convex set X of feasible plans

then any point on the line segment joining x, and x, is also feasible
8/ 1 2
(in the set X).™

5. However an activity could be defined as buying, for example, hay,
and another (with coefficients of opposite sign) as selling hay.
This effectively results in the introduction of activities which
can occur at negative levels.

6. If the variance of prices is known, a quadratic objective function
may be constructed to minimise income variance for each level of
expected income. See section 2.3 on risk programming.

7 For a comparison of linear programming and budgeting see Heady,
op.cit., p.1035, and Heady and Candler, op.cit., pp.42-46.
Briefly, budgeting is used to find which of a relatively few
likely production situations yields the most profit, but there is
no guarantee that this is the maximum possible profit. Iinear
programming has the advantage that the unique maximum profit plan
is found by examining a large number of alternatives. It can also
provide much extra information such as the value of resources,
which is not easily obtained with budgeting.

8. Situations with increasing marginal products give rise to non-convex

sets of feasible plans and such situations cannot be handled with
linear programming. Heady and Candler,opcit., Pp.220-224, suggest a
way around this problem.



i)

24143 The objective function

The objective of the linear programme models of Chapters 3 and

9/

4 is to maximise a linear profit function of the form

n
Z = 2: I (2-1)
joq JJ

where Z 1is the linear programme profit,
cj are per unit profits and
xj are the operation levels of the n cropping alternatives

included in the model.

Given the cj values, the linear programming problem is to find
values of xj such that Z is a maximum, subject to the appropriate

restraints.

2.1.4 The activities

Two processes of production represent different activities if
they
(i) use different resources;
(14) produce different products;
(iii) require different proportions of the same resources
to produce the same product; or
(iv) use the same resources in the same proporticns, but

produce products in different proportions.

For example, a comparison of various ways of producing a c¢rop
may be included in a linear programme. This would appear to be an

important consideration in horticultural maznagement since profits may

9. The motation used is similar to that found in Heady and Candler,
op.cit., except that the input-output coefficients (r.. in the above
; ij
text) will be represented by aij).
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just as likely be increased by improving technical efficiency as by

changing the structure of output.

p2 i IS The restraints

For a linear programme soclution to be feasible, the total amount
of each resource used in producing the total output must be no greater

than the supply of each resource available. That is,

n

j—Z*] 8 5% < b, : = Tossl 3§ (2-2)

where aij is the amount of the ith resource used in the production of
one unit of the jth activity; and

bi is the total supply of the ith resource.

2.1.6  The non-negativity requirement

The non-negativity assumption states that each activity must be

operated at a zero or positive level. That is,

x, S 0 5 Jo= lewen (2-3)

2+1a7 A summary of the linear programme problem

The problem concerns the maximisation of a linear objective
function (equation 2-1) subject to a set of linear inequalities (2-2)

and the non-negativity condition (2-3).

2.1.8 Disposal activities

Even though the presence of inequalities in (2-2) gives rise to
computational difficulties, it is desirable to allow the possibility of
less than the total supply of a resource being used, since this may
result in more profitable plans than if it was necessary to use exactly

all resources.
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Therefore the inequalities of (2-2) are converted to equalities

10/
by adding disposal activities, one for each restriction. Inequality
(2-2) then becomes
n
J; aijxj + xn+i = bi H 1 = Tlesam (2—‘,4')

where X4 is a disposal activity to allow the ith resource to
remain partly or wholly unused.
To distinguish between the n activities (the xj's) and the m

disposal activities, the former will be referred to as real activities.

267149 The valuation of resources

Associated with every linear programming maximisation problem
(such as described in section 2.1.7) is a closely related minimisation
problem, with such pairs of problems termed dual linear programming

TEL

problems.__

ihereas the primal problem is to meximise (2-1) subject to the

restraints (2-2) and (2-3), the dual problem may be represented as:

m
minimise G = ¥ w;b, (2-5)
1=1
m
i H i = e H -6
subject to éE% aijwi = cj 4 A 1 n (2-6)

i

10. Strictly, disposal activities are required only for those in-
equalities which specify that the amount of a resource used must
be 'less than or equal to' the supply. For treatment of 'greater
than or eqgual to' and equality restraints, see
Hadley, G., "Linear Programming,' Addison-Wesley Publishing
Company Inc., U.3.A., 1962, pp.72-76.

g & I Dual linear programming problems and their interpretation are
discussed in Heady and Candler, op.cit., pp.90-107; Hadley,
op.cit., Chapter 8 and pp.u483-486; and Baumol, William J.,
"Economic Theory and Operations Analysis,'" Prentice-Hall, Inc.,
New Jersey, 1961, Chapter 6 (second edition only).
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12/

where W is a value imputed to the :i.th resource,
The dual problem therefore determines the we values so that the
total value of resources is minimised and the value of resources used
in the production of one unit of activity j is at least as great as
the profit received on the sale of one unit of the jth activity.
For either the primal or dual problem to be optimised it is
necessary that resources be valued so that total profits are completely
imputed to the resources, and total profits equal the total value of

resources. Hence for an optimum sclution,

Il m
Z = _chxj = & = X wb (2-8)
i=1 1=1

The imputed values are often referred to as shadow prices, and
measure the rate of change of the objective function with respect to
changes in the resource supply. Thus valuation of resources by means
of the shadow prices is an opportunity cost valuation and has no

relation to the actual costs of the resources.

2.7.10 Linear programme solutions and their interpretation

Any set of xj which satisfies the conditions (2-3) is a solution
to the linear programme problem; a solution which also satisfies the
conditions (2-2) is a feasible solution; &and any feasible solution
which optimises the objective function (2-1) is an optimum feasible
solution.

13/
The simplex algorithm  may be employed to obtain the optimum

12. Linear programming problems may be solved as either the primal or
dual as both give the same information. Since the activities of
a primal problem form the restraints of the dual, (primal)
problems with many restraints but few activities may be solved
with less effort by expressing the problem in its dual form.

135. For a lucid description of the simplex method, see Heady, op.cit.,
p.1039-1048. A comprehensive treatment of the simplex algerithm
8 to be found in Hadley, op.cit., Chapters 3 to 5.
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solution, with the final simplex tableau providing much useful data.lﬁ/

2.1:11 Sensitivity analysis

P [P Stability of the optimum plan to price changes

In Chapter 1, section 1.4.2 it was mentioned that the range of
crop net returns over which the optimum sclution would remain un-
altered, can be calculated directly from the final simplex tableau.

A solution which permits the net returns of all included activities
to fluctuate over a wide range can be considered stable, and hence
problems of price variation may be less serious than is commonly
thought.

The maximum increase in the net return from an activity included
in the solution (that is, a basic activity) which would leave the

optimum solution unchanged is given by:

Kogs = m?n -(z.=c.) a; ;< o (2-9)
L]
a. -
1]
m
where z. = Z C..a, . and
J j=1 ¢ 1
min i : : ;
F refers to the limiting variable which would enter the
basis should the net return of the ith basic activity increase by more
157

than &¢; . The upper price (net return) limit will be equal to
(ci-+£3 ci), where cy is the original price of the ith basic activity.

Similarly, the lower price (net return) limit is (ci + A ci).

14,  Puterbough, H.L., Kehrberg, E.W., and Dunbar, J.0., "Analysing
the Solution Tableau of a Simplex Linear Programming Problem in
Farm Organisation,'" Journal of Farm Economics, vol.39, p.478, 1957.
15, Should the net return of the i“" basic activity become egual to
either the upper or lower limit, the jth non-basic activity can
be included in the optimum plan with no effect on total profits.
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where«ﬁci, the maximum decrease in the price of the ith basic activity

which would leave the optimum plan unchanged, is given by

Aci = m:'i]:n -(zj-cj) ; aij > 0 (2-10)
33 3

It can be seen, then, that so long as the realised net return
from a crop included in the optimum plan lies somewhere between the
upper and lower limits, the optimum plan initially recommended to the
horticulturist will still remain the optimum.lé/

Assuming that the net returns of all basic activities remain
unchanged, the stability of the solution will be affected by the likeli-
hoed of non-basic activities entering the basis. The (zj-cj) value of
the jth non-basic activity represents the extent to which profits would
fall should the activity be forced into the basis, and such a value may
be interpreted as the marginal opportunity cost of including the non-
basic activity in the solution. Therefore the extent to which the net
returns of non-basic zctivities would have to increase to make their
marginal opportunity costs equal to zerc are easily found. The likeli-
hood of these higher net returns being realised will determine which
non-basic activities form stable elements, and which form non-stable

17/

elements of the optimum solution.

21172 The limits to which non-basic activities may enter the basis

Should a real non-basic activity be forced into the basis profits

will fall by an amount which depends upon the marginal opportunity cost

16. This will be true, as long as only one net return has altered -
all other net returns must remain unchanged.
17 Again, this assumes that all other net returns remain constant.
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of that activity. However, profits will increase should the supply of
a limiting (scarce) resource be added to, with the increase in profits
depending upon the shadow price (or marginal value product) of that
resource,
It is possible to compute the limits over which a given marginal
cost or marginal value product will hold. For example, as the supply
of a sgarce resource is increased, its ahadow price will remain constant
for a range, and then, at some discrete point, fall to a lower level.
The upper limit to the amount of a non-basic (real or disposal)
activity which can be added to the plan without changing the shadow

price is given by:

min by 255 > 0 (2-11)
i —— 3

-

ij

where min gives the limiting basic activity and
i

bi gives the upper limit at which the jth non-basic
> T
1]
activity may enter the plan to replace the ith basic activity, without
the imputed value being changed.
Similarly, the lower limit (or amount of the activity which could

be "removed from the plan'" without changing the marginal value product)

is given by:

min by . 2 5 O (2-12)
—— )
254

Since the lower limits are negative, they have no significance
as far as real activities are concerned since a real activity cannot

exist at a negative level. The lower limits are most important for
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disposal activities, however, since they indicate the limit to a decrease
in the resource disposal level (that is, an increase in resource supply),

which leaves the shadow price of the resource unchanged.

2.2 Quadratic Frogramming

18/

2.2.1 Introduction

This section discusses the slightly more general problem of
19/ 20/

optimising a guadratic function subject to linear inequalities.

Section 2.1 dealt with linear programming in which it was
assumed that product (and factor) prices remain constant no matter what
output is produced. This restricts linear programming analyses to
firms in perfect competition, and excludes study of imperfectly
competitive market forms such as monopoly and oligopoly.

Quadratic programming can handle the latter market forms. For
example, if a firm must lower product prices in order to sell extra

output, it may double all inputs and find that profits increase

proportionately less. The firm's optimum production plan can be found

18. For a practical application of quadratic programming see:
Louwes, S5.L., Boot, J.C.G., and Wage, S., "A Quadratic Programm-
ing approach to the FProblem of the Optimal Use of Milk in the
Netherlands'", Journal of Farm Economics, vol.49, p.309, 1963.

19. A quadratic function is of the form:

2

2
& = ax1 - bx2 + cx1x2 + dx1 + ex

2

which contains no powers or products of the variables of higher
degree than the second.

20. For a general coverage of non-linear (quadratic) programming, see:
Hadley, G., '"Nonlinear and Dynamic Programming', Addison-Wesley
Publishing Company, Inc., 1964;

Dorfman, Samuelson and Solow, op.cit., Chapter 8; and
Baumol, op.cit., Chapter 7.
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by quadratic programming since the problem is one in which the rate of
change of the objective function with respect to changes in activity

levels diminishes.

21/
2.2.2 GStatement of the quadratic programming probleﬁ__

The problem is to find a 1 x n vector x such that

Z = cx' + xBx' is maximised (2-13)
subject to Ax'€ b!' (2-14)
and x2 0 (2-15)

where ¢ and x are 1 x n vectors of activity net returns and operation
levels respectively;

b is 1 x m vector of resource supplies;

A dis an m x n matrix of input-output coefficients; and

B 4is an n x n negative definitegéﬁatrix.
It will be noticed that the restraints (2-14) and (2-15) are similar to

the linear programming restraints (2-2) amd (2-3), except that the

former are written in matrix motation.

2243 The related lagrangian problem

By the addition of disposal activities, inequality (2-14) may be

converted to an equality:
b' - Ax' - IL' = O (2-16)

where W is a 1 x m vector of disposal activities, and therefore (2-15)

is augmented to:
x, ¥ >0 (2-17)

2%, Candler, Wilfred, and Evans, D.A., '"Classical Quadratic Maximisat-
jon and Parametric Quadratic Programming', Technical Discussion
Paper No. 2, Department of Agricultural Economics and Farm Manage-
ment, Massey University, October 1963.

22, B is negative definite when xBx'< 0, for all values of x.
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Equations (2-13) and (2-16) may now be re-written in lagrangian
form. Since (2-16) is equal to zero, it can be added to equation (2-13)
without causing any change in the value of the objective function.

The lagrangian form is:

Z* = ex' + xBx' + A(b' - &x' - ') a maximum, (2-18)

—_— — —_—— —

subject to (2-15), where i is 2 1 x m vector of lagrangian multipliers.
If the i*® restraint in (2-18) is effective, Tr, will equal zero

and N, (the shadow price of the restraint) will be either positive or

23/

ZEro. Should the ith restraint be non-effective, however (so that
the inequality holds), L1 will be positive (the i esource Will e
in disposal) aﬂﬂ.hi will be zero.

Therefore a further condition for finding the vector x which
maximises the lagrangian expression (2-18) and the vector é which
minimises the lagrangian expression is:

A = o (2-19)

and A, w > © (2-20)

2.2.4 The partial derivatives

To maximise (2-18) with respect to an element of x (xj), the

partial derivative with respect to the element x, is taken, te cobtain:
J

9z* = ¢, + X' - Ax'., = 0 ; x.>0 ; (2-21)
J A= == 3 iy B '
axj ¢ 0o ; szo ; (2-21)1
where [gj is the row of B conforming to X 3 and
5& is the column of A conforming to xj.
235 Both 7v. = 0 and A. = O represent the degenerate case where the

optimum plan uses ﬁp exactly the available amount of resource i,
but any further units of the resource would be allocated to
disposal.
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Vriting Wx as the vector of partial derivatives of 2* with

respect to the elements of x, gives:

Ve = ¢' + 2Bx' - A'MN (2-22)

o)

To express the possibilities of (2-21) and (2-21)', eguation

(2-22) may be modified to give the conditicns:

e # 2Bx' - 4A'A' - ¥ = c' (2-23)
xy' = 0 (2-24)
XX 3y £ (2-25)

where y is a 1 x n non-negative vector.

The maximisation of the lagrangian expression alsc requires that
the partial derivatives of that expression with respect to the lagrang-
ian multipliers (é) be obtained. Setting these partial derivatives

equal to zerc gives:

28 = b' -  Ax' - mw’ = o' (2-26)

- —_— — —-—

4

where VA is a 1 x m vector of partial derivatives of Z* with respect
to the elements of A.
The conditions for maximising the lagranglan expression may now

be summarised:

c' 4+ 2Bx' - AN + ' = o (2-27)
-b' o+ Ax' + M = o (2-28)
L2y 0 9 (2-29)
Amo oy O (2-30)
xy' = o' (2-31)
A’ = o (2-32)
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where (2-27) is the condition that Px!

i
1o

(2-28) is the condition that VA!

e
(2-29) and (2-31) are (2-25) and (2-24), and (2-20) and (2-32)
are (2-20) and (2-19).

Equations (2-31) and (2-32) are often referred to as the orthogonality

conditicns.

2.2.5 The related linear programming problem

Equations (2-27) to (2-32) represent an (n+m) x (n+m) linear
programme, without an objective function, but with the addition of the

orthogonality conditions xy' = AT’ = O. The problem, therefore,

is to find an initial basis of equations (2-27) and (2-28) subject to
the conditions (2-29) to (2-32). Equation (2-31) ensures that only n
of the 2n elements xj, yj may be positive, and eguation (2-32) ensures
that only m of the 2m elements Ai' T, may be positive.

This means that the basis will consist of & maximum of (n+m)
activities at positive levels, and equations (2-31) and (2-32) imply
that each activity can be replaced in the basis by only one other.
That is, xj can only be replaced by yj, and Ai can only be replaced by

"i.

24/
2.2.6 An algorithm for solving quadratic programming problems

The disposal activities yj and rri are used to form an initial
simplex tableau as in table 2.71. The algorithm explained here involves

simplex-type calculations and can be divided into two phases. After

each iteration the columns are rearranged to maintain the format of

2k, L good summary of alternative aslgorithms is to be found in
Hadley, G., '"Nonlinear and Dynamic Programming", op.cit, Chapter 7.
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Table 2.1 Initial Simplex Tableau for Quadratic Frogramming
Disposal
1-;Ctlvlty B x1 eses X A,‘ "'A y1 . s .Yn Tr . s e "m
y1 -c,l - 1
- L4 [2B] -[A'] -
Y, —e = 1
LI By} = 1
LLE bm - ['A] [‘}] 3

Phase 1:

(2)

(b)

Find the most negative of the first n elements in

B column and call this row p.

Fhase II).

The R ratios are calculated:

a

r tis o]

P —L
a

PP

= = o0

Y

a,

Ir = 10

l e —
a

ip

-

O .
ST
o -
ap 20
%10 20 ;

(If a
po

the

2 0, go to



Phase II:

(c)

(d)

(e)

(f)

2h

The smallest Ty is found in order to locate the
25/

pivot. If the smallest Ty is rp, the pivot is
L and step (a) is repeated.

If the smallest r, is less than rp. the row in
which r, occurs is called row g, and the pivot is
B . The next step is (b).

qaq
The most negative element in the B column for
i=n+l...n+m is found, and this row is row p.

If apo) 0, the problem is solved.

The R ratios are calculated:

a

r = o] a o -
p B2 o B, L 0
a
PP
rp = o0 B app a ¢} H
a, ) . e
r, = io . a3 > 0 ; aip>o 3 A AP 3 1=1ceenem.
a,
ip

The smallest Ty is located. If it is equal to o,

the problem is infeasible.

If the smallest r, is r., a is the pivot, and the
- P PP

algorithm returns to step (d).

If the smallest ry is less than rp, the row in which

it occurs is row g, and the pivot is aqq' The next

step is (e).

25« If the smallest pivot is r = €0, then the matrix B is not negative
definite (contrary to the ¥nitial assumption).
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P Interpretation of the solution

Basic and non-basic variables have the same economic interpretat-

ion as their linear programming counterparts.

2sZs e Real activities in the basis

If xj > 0, the jth activity is in the optimum solution, and

should be operated at a level xj.

224 fal Real activities not in the basis

If xj > 0, the marginal revenue product of the jth activity is

negative, znd equal to - yj. Should this activity be forced into the

solution, profit will be reduced by an amount equal to yj.

220743 Imputed values of scarce resources

£ A, > 0, the 1*8 restraint is effective, and its shadow price

is equal to Ai‘

2.2.7.4 Resources in disposal

If ., > 0, the i*® resource is in disposal by an amount equal

to'ﬂ&. That is, the ith restraint is ineffective.

2% Risk Programming

257 Introduction

One of the linear programming assumptions (section 2.1.2.4) is
that all data, (that is resource supplies, input-output coefficients,
and prices, costs, and yields) must be known with certainty. In other

words, it is assumed that none of the ccefficients have associated
L ]
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26/

error terms,.

In practice the error terms associated with some types of
horticultural production data (especially that for fresh vegetables)
merit special consideration, due to the degree of risk associated
with this type of farming.

An example is afforded by fresh vegetable auction prices.

These vary from season to season, mainly due to 'Cobweb'éZ/effectS,
that is a large crop in one season will be marketed at relatively

low prices, therefore persuading growers to reduce the ascreage planted
in the following year and so giving rise to a higher level of prices.

The grower will usually consider a range of price expectations,
which he may formulate in either an ordinal or cardinal sense.§§/

If formulation is ordinal only, the grower will consider a range of
prices, some of which are more likely to occur than others. If, on the
other hand, future price expectations are formulated in a cardinal
sense, the grower would attach an exact but subjective probability to

the likely occurrence of any possible price. The grower, rather than

saying price A was more likely than price B, would say that price A

was, for example, exactly twice as likely as price B.

26. Any coefficient, a, can be written in terms of two parts: part A,
which corresponds exactly to the 'real world' value of a; and
part u, which corresponds to a deviation or measurement error
between the real world value and the estimated value used in the
computations. That is,

a = A+u|

In linear programming the assumption is that u = O.

27« Allen, G.R., "Agricultural Marketing Policies'", Blackwell, 1959,
pp.39-42.

28. Heady, Earl 0., "Economics of Agricultural Production and
Resource Use'", Prentice-Hall, Inc., New Jersey, 1952, pp.4l4s5-446,
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2.3.2 Some examples of stochastic errors in horticultural prcduction

data

The variability inherent in horticultural production data is of
a stochastic nature due to random or ''chance'" variations in the real
world. Stochastic errors will arise for many reasons, and a few of

the more important are given below:

(i) the price of produce sold on the auction floor may vary,
both from day to day, and from one period of the year to
the corresponding period of the following year;

(ii) yields will vary from season to season due to both
climatic conditions and the incidence of disease (the
latter may be partly influenced by the weather
conditions);

(iii) the time of planting may need to be altered due to bad
weather at the scheduled planting time, or an unexpected
frost may damage the young seedlings so that a second and
consequently later planting is required;

(iv) the labour input for many operations such as land preparat-
ion, hand-weeding, and spraying will vary, due mainly to
climatic conditions; and

(v) the labour supply may be reduced through sickness, or
difficulties may be experienced in obtaining labour

when reqguired.
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2e3e3 An outline of risk programming

2V

Markowitz has developed a gquadratic programming technigue

which allows the selection of efficient combinations of securities
which minimises risk for specified levels of expected income.

The problem of choosing optimal combinations of herticultural
enterprises when data contains stochastic error terms is similar to
Markowitz's portfolio selection problem, and a quadratic programming
algorithm similar to that of Markowitz could be used to obtain a

32/
solution.

In risk programming, it is assumed that the horticulturalist
has an E-V indifference system,éz/as in figure 2.1. This means that

he will be 'better off', the higher his expected income and the lower
his income variability.

In figure 2.1, 1 I and I, represent successively higher

2’ 3

indifference curves. The horticulturalist is assumed to be indifferent

l‘I!

between all points on any one indifference curve - each indifference
curve gives all possible combinations of expected income and income

variability which result in equal satisfaction to the horticulturalist.

29. McFarquhar, A.M.M., "Rational Decision Making and Risk in Farm
Planning - An Application of yuadratic Programming in British
Arable Farming'", Journal of Agricultural Economics, vol.1k4,
P.552, 1961.

30. For applications of risk programming see:

Camm, B.M., op.cit., and
Heady and Candler, op.cit., Chapter 17.

31. Markowitz, Harry M., "Portfolio Selection - Efficient Diversificat-
fon of Investments', John Wiley and Sons, Ince., 1959.

%2. Markowitz, op.cit., pp.370-187.

33, Heady and Candler, op.cit., pp.557-558.
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Figure 2.2 Expected Income as a Function of Income Variance

For any given production situation there will be a minimum level
of income variance associated with any given expected income, or the
same thing, a maximum level of expected income associated with any
given income variance.

In figure 2.2, OA separates infeasible income-variance combinat-

ions from those combinations which are feasible. Therefore the risk
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programming problem consists of finding the set of farm plans which
maximises expected income for each level of income variance, which
is the same as finding the farm plans associated with each point on
OA.

Any point to the right of QA represents a feasible income-
variance combination. All points on OA are preferred to all points
horizontally to the right since such points on OA represent plans
with smaller income variance or greater expected income than any

other feasible plan with the same income or variance.

2.3.4 A measure of risk

In the gquadratic programming approach to risk aversion, the
variance of incomes is taken as an index of the degree of risk attach-
ed to a particular plan. This leads to a programme which gives
minimum income variancé for each level of expected income.

Consider a farm plan which includes three activities, F1, F2
and x, respectively. The variance of the

2 3

resulting net revenue may be measured by:

and P33, at levels Xy X

o -

["1 2 x}] Oi1 T T3 x4
o

= 1
21 922 923 | *2 = ERE (2-33)
G [N o
31 32 33 |*3
where 011, 022 and 555 are the net revenue variances of rP1, P2 and P3

respectively, and

GHE = t,..2‘1'
6-13 — °-51, and
6‘23 = 0'32, are the net revenue covariances between activities P1and P2,

P1 and P3, and P2 and P3 respectively.
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An unbiassed estimate of the population variance computed from
34/

a random sample is given by:

[\ z -
- k(ci-/g) (2-34)

3

n-1

where 4 is the observed net revenue from the ith activity in each of

the k years,
y 5 is the mean net revenue of the ith activity, and

n is the number of observations of net revenue for the ith

activity.

An unbiassed estimate of covariance is given by:

.. = Z(c,p)c,- )
ij Al }ﬁ)(cg /3) : (2-35)
n-1
. th .th
where ¢, and cj are the observed net revenues from the i and j
activities respectively in each of the k years,
th ona 3 activities

/“1 and,pﬁ are the mean net revenues of the i
respectively, and
n is the number of observaticns.
A measure of net revenue covariance between each pair of activit-

ies which may be included in the plan is necessary since, for example,

2 2 . .
34, U'i = z(ci -/“i) is not an unbiassed estimate of

n

variance. If repeated samples of size n are taken and the result-
ing sample variances averaged, the average estimated variance will
be smaller than the true variance by the factor n-1 . For small

n
samples, this factor becomes important. Gee:
Héel, Paul G., "Introduction to Mathematical Statistics', John

Wiley and Sons, Inc., 1947, p.198.




crops A and B may both be subject to high net revenue variance and
therefore high risk, while combinations of A and B may provide a net
revenue subject to much less variance if the net returns from beth
crops are shcwn to be inversely correlated - that is, a low return
from A in one year will be offset to some degree by a high return

25/

from B.

2:3.5 Mathematical statement of the risk programming problem

It is assumed that the net revenue from a unit level of each
activity carried out under risk conditions is in the gorm of a random
variate which follows some probability distribution.é_/This distribut-
ion may be defined as representing a measure of the probability of
certain outcomes (net revenues) cccuring. Since observed (historie)
data are used in the programme, it is azssumed that the prebabilities
of particular ogutcomes in the future is the same 25 cbserved in the
past.

Consider the distribution of net revenue due to some cropping
programme x, where X is the vecter of activity levels in the programme.
If the net revenue from each activity is assumed to have a mean}di and

. .2 : I
variance fi y and the covariance between the net revenue of two activit-

ies is defined as o&j’ then the net revenue of programme x, will have

35. If the correlation coefficient is -1.0, the two enterprises will
serve optimally as a precaution against risk. Should the correlat-
ion coefficient be +1.0, combination of two enterprises need not
reduce income variability, although for anything less than perfect
correlation between outcomes a combination of crops will result in
some offsetting effect. Therefcre there will be a tendency for the
combined variance to be less than the variance if all resources
were devoted to either crop alone. 3See:

Heady, "Economics of Agricultural Froduction and Resource Use",
OE.cit. s Ppe210-524.

26. Freund, R.J., '"The Introduction of Risk into a Programming Model",

Econometrica, vol.24k, p.253, 1956.
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meaq/‘x' and variance xBx', where B is the matrix of net revenue
variances and covariances of the i activities.

Thus the risk programming problem may be defined as:

maximise Z = @eex' + xB%' , (2-36)
subject to Ax' £ b', (2-52)
and x 20, (2-38)

where ¢ is the vector of mean (expected) net revenues,ﬂi,

B* is the negative of the net revenue variance-covariance
matrix (that is, B* = -B),

A 1is a matrix of input-output coefficients,

b is a vector of resource supplies, and

@ is a risk-aversion parameter (that is, a weight applied to
the linear terms of the objective function).
To obtain the efficient set of plans (the boundary OA in figure

37/

2.2) the risk aversion parameter is varied between zero and infinity.

2l Wolfe has developed a quadratic programming algorithm to handle
such a parametric objective function which gives a solution for
all g20. See:

Wolfe, P., "The Simplex Method for Quadratic Programming",
Econometrica, vol.27, pp.382-398, 1959, and

Hadley, G., '"Nonlinear and Dynamic Frogramming", op.cit.,
Chapter 7, sections 7-5 and 7-b.




CHAPTER 3

LINEAR PROGRAMMING AND PROFIT MAXIMISATION

ON 4N OTAKI HORTICULTURAL HOLDING

% Introduction

This chapter will illustrate the use of linear programming to
formulate a profit-maximising production plan for an Otaki fresh
vegetable producer. After a brief description of the holding, the
restraints on production and the activities will be discussed.

Frice, cost, and yield expectations are made, and the input-ocutput
coefficients derived. The solution to the linear programme will then
be examined in some detail and compared with the grower's proposed
plan.

The production season for which the linear programme solution

was planned was that beginning in September 1967.

3,2 A Description of the Holding

B2 Location and size

The holding is a four acre property situated near the Otaki

Railway township.
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Balel Leased land

The grower has arranged to lease nine acres of land from a
nearby farmer for the coming season. Although the leasing of land
is a permanent arrangement, the acreage leased may vary from year to
year depending on the size of the paddocks which become available.

The land is ploughed out of pasture and is excellent for the
production of tomatoes since rotation problems will not exist.

The lease is for a period of 14 months, from September through

until October of the following year.

BalsD Glasshouse area

The grower owns a 3,000 sq.ft. unheated glasshouse which is

used for the production of cucumbers.

3.2.4 Cropping practice

A fairly typical range of crops for the district is grown, the
main crop being outdoor tomatoes. Other crops grown during the past
season were cucumbers (both outdoor and hothouse), pumpkin, cauli-
flower, lettuce, rhubarb and Soleil d'Ors (a yellow tazetta daffodil).
The latter two crops are perennials, with rhubarb being replanted
every five years, and Soleil d'Ors every seven years. Last season,
the rhubarb planting was half an acre, and the 5Soleil d'Ors planting

two-thirds of an acre.

3.245 Soil types

The freehold land is a river silt loam, varying in depth from
one to eight feet, with a gravel subsoil. Drainage is excellent which
makes this land suitable for winter crops, and since the soil is slight-

ly alkaline it is best suited for crops such as cabbage and cauliflower.
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The leased land consists of river silt loam varying in depth
from one to six feet, under which is a clay subsoil. Because of poor
drainage during excessively wet periods this land is not suited to the
production of winter crops. Since the soil retains moisture well
during the summer, good pumpkin, cucumber and cauliflower crops may
be obtained at this time of the year. The leased land is slightly
more acidic than the freehold land and is therefore better suited to

pumpkin, cucumber, and tomato crops.

3.2.6 Rainfall and irrigation

Since rainfall is regular and averages about 3.5 inches per
month, irrigation is not usually necessary. However, should either
January or February be months of low raintall, fortnightly irrigation

may then be required.

BB Disease problems

Crops prone to disease, such as tomatoes and lettuce, are
sprayed regularly to prevent any serious outbreak. Fests and diseases
which may cause a problem from time to time are late blight and Botrytis
on tomato, mildew and aphids on cucumbers, aphids on lettuce, and slugs
and snails. Late blight is controlled with maneb sprays, and zineb is
used for the control of Botrytis. Mildew control is obtained with
cuprox, and malathion gives control over aphids. Slugs and snails are
controlled with metaldehyde pellets.

An insect problem which may be onh the incresse in the freehold
land is due to nematodes and soil sterilisation may become necessary.

Deficiencies of some trace elements are common in soils around
Otaki and the grower finds that cauliflower crops occasionally show
signs of molybdenum and boron deficiencies. Molybdenum deficiency is

overcome by either spraying the crop with ammonium molybdate, or by
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applying sodium molybdate with the base dressing of fertiliser.
Boron deficiency is overcome by the application of borax with the

base fertiliser application.

33 The Restraints

o Pk | Froblems of timing of production

Figure 3.1 indicates the months over which various crops require
land. All except two of these crops occupy land for a period less than
12 months; for example the cauliflower activity (P1)1/will require
leased land from the beginning of September until the end of December,
and cauliflower (P13) will require freehold land from the beginning of
May until the end of December. This meant that the total land supply
in each month was considered ss a possible restraint because land is
used intensively and production needs to be timed accurately.

Since the leased land is acquired in JSeptember, this was the
most convenient month to use as the beginning of the season. It is
apparent from figure 3,1 though, that production is a continuous

process and one season's cropping programme will often carry over into

that of the following season.

i A full description of the activities will follow in section 3.k4k.
A capital letter P is used to denote an activity : since there
are 14 activities in all, these will be number P1 - P14. The
restraints will be numbered from R1 onwards.



Activity Month
Sep. Oct. Nov. Dec. Jan. Feb. Mch. Apl. May Jne Jly. Aug.
Leased land
P1 : cauliflower s e
P2 : cucumber - —
PZ : tomato e —
|
Pt : lettuce -
i
PS5 : pumpkin s
Freehold land
P6 : rhubardb s
P7 : Soleil d'Ors (=
P& : 1lettuce ‘ -
P9 : carrot -
P10 : pumpkin
P11 : cucumber -
P12 : cabbage fog————]
P13 : cauliflower -
Figure 3.1 Activity Land Requirements
Notes: & [F Activity P14 is a glasshouse crop and does not require cropland.
2% Leased land cropping is shown for 12 months only - the lease continues for a further two

months though, with lettuce (P4) being the only crop which may occupy the land over these

months.
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3.3.2 Freehold land (restraints R1 - R7)

A minimum of seven time periods may be identified (beginning at
September), a combination of which will define the production period
for any of the activities P6 to P13 which can be grown only on free-
hold land. Thus the annual supply of freehold land is divided into the

following seven restraints:

R1 H September - October,
R2 : November,
R3 : December,
R4 s January - April,
2/
R5 : May - June1 §
R6 i June, - July,
R7 :  August,

where R1, for example, represents the restraint which the supply of
freehold land imposes on production of certain crops during the months
of September and October. The supply of each of the above restraints

is four acres, this being the area of freehold land.

3.3.3 Leased land (restraints R8 - R15)

A minimum of eight time periods is required to define the product-
ion periods of the five activities which may be cropped on the leased
land.

The leased land resource supply is nine acres, and the restraints

(which have a similar interpretation to the freehold land restraints)

2. Where months require division intc half-month periods, the subscripts
1 or 2 are used to denote the first or second half o¢f the month
respectively.



40

are:

R8 September - October,

RS : November,
K1 4 Decemberq,
RT3 Decembera,
R12 : January - April,
R13 : May,

R14 : June - July,

R15 : August.

The thirteenth and fourteenth months (September and COctober)
after the beginning of the lease need not enter the restraints, since
the cropped acreage in these months will be the sum of the September
plantings of cauliflower (F1) and tomato (P3) on the newly-leased land,
plus the acreage of lettuce (P4) in the previous season's leased land.
Therefore providing the September - October (R8) and August (R15)
restraints are not vioclated, the production level in the thirteenth and

fourteenth months must be feasible.

3.3.4 Labour availability (restraints R16 - R39)

The total labour supply consists of the owner, one man and two
women (who comprise the permanent staff) and three men and three women
who are employed for part of the year only.

The owner supplies an average 50 hours per week, the permanent
man 42 hours per week, while the two permanent women work for 42 hours
per week from the second half of January until the end of May, and 30
hours per week from June until the third week of December.

The three casual female workers and one of the male casual workers

are employed only in the tomato harvesting season, the former working 25
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hours per week each from February until May1 and the latter working for
k1 hours per week from March until the end of May.

Of the two other male casual workers, one works for 45 hours per
week from October until the end of June and the other, 30 hours per
week from November until the end of May.

The labour restraints and the corresponding resource supplies

are set out in table 3.1.

Table 3.1 Labour Hestraints and Supply
Month Labour Supply in first Labour Supply in second
half of month (hours) half of month (hours)
January R16 : 362 R17 : shi
February R18 : 706 R19 : 7206
March R20 - 795 R21 : 795
April R22 : 795 R23 : 795
May R24 : 795 R25 : 633
June R26 $ L27 R27 3 L27
July R28 : 329 R29 : 329
August R30 : 329 R31 : 329
September R32 : 329 R3% 5 329
October R34 3 L2y R35 : La7
November R36 : Loz R37 : Lo
December R38 : 492 R39 : h22
te: One half-month period is taken as 52 = (2-1/6) weeks.
24

Time spent travelling between the freehold and leased land has
been deducted from the labour supply, and the owner and permanent staff

are assumed to take their holidays in slack months.
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All work that cannot be allocated to the various activities is
assumed to be carried out during months when labour is in disposal.
(No provision is made in the model to ensure that sufficient labour is
available for this 'overhead' work. However, should the grower think
that insufficient labour is in disposal, the model can easily be
modified by estimating the labour requirements of such work and over

what months it is likely to be carried out).

3.3.5 Cropping limits (restraints R40 - R52)

The grower placed restrictions on the acreage of all crops includ-
ed in the programme.

This reflects a desire for diversification due to the possibility
of widely fluctuating prices (and to a lesser extent yields) from season
to season, as well as for other reasons such as crop health and soil
fertility.

OQutdoor cucumbers may be grown con either freehold or leased land,
but since the former land is less suited to this crop yields are some-
what lower than for cucumber crops grown on the leased land. The
grower has also found that cucumbers grown on his own land are more
prone to attack by aphids. For thése reasons the grower insisted that é
maximum of half an acre of cucumber be grown on the freehold land.

Of the two perennial crops (rhubarb and Soleil d'Ors) the grower
was prepared to increase the planting of rhubarb only, from half an acre
to a maximum of one acre.

The cropping limit restraints are set out in table 3.2,
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Table 3.2 Cropping Limit Restraints
Crop Restraint Maximum Acreage

R40 :  cauliflower (P1) 3.00

Rl 3 cucumber 2+50

RL2 : cucumber (P11) 0.50

RU3 2 tomato 5.00

Rh4& : lettuce (P4) 1450

R4S : pumpkin 4,00

R46 $ rhubarb 1.00

R47 : Soleil d'Ors 0.67

R48 1 lettuce (P8) 1.50

R49 5 carrot 0.50

R50 : cabbage 2.00

R51 i1 cauliflower (P13) 1.00

R52 5 glasshouse cucumbers 825 plants
Note: The size of the glasshouse limits the production of glasshouse

cucumbers to 825 plants so restraint R52 is a glasshouse
restraint, rather than a2 cropping limit.

3ok The Activities

This section will describe the production activities which the
grower wished to have considered for inclusion in the optimum plan.

Unless otherwise stated, all produce is sold by auction.

3k, Production on leased and freehold land

Five crops (cauliflower, tomato, cucumber, pumpkin, and lettuce)

may be grown on the leased land block. Tomato, the grower's main crop



Ll

in past seasons, requires new land each year to help avoid disease
problems, sc all tomatoes are grown on the leased land which is plough-
ed out of pasture. The grower finds that a spring cauliflower crop

can be grown and harvested before the land is required by the later
tomato plantings. C(nce the tomatoes have been harvested, the grower
considered spring lettuce as the only possible crop to follow the
tomatoes.

Of the crops grown on freehold land, lettuce, cabbage, carrot
and cauliflower cannot be grown on the leased land simply because the
timing of production of these crops does not coincide with the lease.

The permanent beds of rhubarb and Soleil 4'Crs are planted in

the freehold land.

3.4.2 Cauliflower (1'1)

in acre of this activity consists of two half-acre crops. The
plants are raised on the property in seedbeds prepared and sown during
July, and then transplanted into the open ground (the first crop during

September_ and the second during Septemnerz). Each planting is hand-

1
weeded and mechanically cultivated during COctober and a side-dressing
of fertiliser is applied during the first half of November. The crop

is harvested from Novembera until the end of December.

3.4.3 Cucumber (FP2)

The single crop is sown direct into the paddock during Novemberq.
The plants are hand and mechanically cultivated for weed control three
times, in Decemberq, January1, and Januarya. Harvesting is spread from

January2 through until the end of April.



b5

Z.4.4 Tomato (P3)

An acre of the tomato activity consists of five one-fifth-acre
plantings. A local nurseryman raises the plants from seed collected
by the grower from the previous season's crop. The five plantings

are made during October1. October,, December Decembera, and January1

10
at the rate of 5,000 plants per acre. Two to four weeks after planting,
stgkes are driven in along the rows and the first of three double wires
attached which are then clipped together, one wire on each side of the
plants. At the same time the plants will be pruned and both hand and
mechanically cultivated. Each planting is pruned a total of five times,
at intervals of a fortnight. A4 month after their first cultivation the
plants will be mechanically cultivated for a second time and a side=-
dressing of fertiliser applied. The second wires are attached about a
month after the first wiring, and after another month the third wires

are set out and clipped together. The complete crop is sprayed every
fortnight (from planting until harvesting is completed) with a fungicide-
insecticide mixture.

Harvesting begins in the early part of January and continues
until June. Most fruit is sold through the auction markets, but all
rough-grade fruit unsuitable for table tomatoes is sold for processing.
(Last season the grower contracted to supply 29 tons of rough-grade
fruit for processing for a price of $40.00 per ton).

The first of the five crops is cleared from the land during June1,
and the remaining four crops are removed from June2 until the end of

Julye.
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3.4,5 Lettuce (P4%)

The lettuce plants are raised in a seedbed during ﬁpril2 and

the single planting is made during June The crop is wheel-hoed and

1.

sprayed three times, during July1, August, and 5eptember1. Harvesting

1

is from September2 until the end of COctober.

3.4.6 Pumpkin (F5 and F10)

Seed is drilled directly into the ground during the first half
of November. The crop is both hand and mechanically cultivated three
times, in December1, Decemberz. and January1. All pumpkins are harvest-

ed in April_ and treated with a fungicide to prevent them from

2

deteriorating in storage. The pumpkins are turned during July and

August, and sold from September1 until Cctober.

3.4.7  Rhubarb (F6)

Rhubarb is a perennial crop, being replanted every five years.
Flanting is carried out in November and irrigation may be necessary
until the plants are established. The crop is mechanically cultivated

five times during a year, in May1, June ﬂugu5t1, October1 and

1!

Decemberq. and fertiliser topdressings are applied during Aprilq.

August1 and Octoberq.

Although some rhubarb is harvested in the first year, the yield
will increase each year. Harvesting is carried out from Maya until
November2 with the monthly yield tending to be greatest during October

and November.

3.4.8 Soleil d'Crs (P7)

This yellow tazetta daffodil is a perennial crop, being replanted

every seven years. The crop is sprayed with a weedicide in April1 and
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mechanically cultivated during Maya. The flowers are picked from June2
until the end of August and the number of flowers picked increases each
year as the bulbs multiply. At the end of the seventh year when the

bulbs are ploughed out, only sufficient for replanting are kept, the

remainder being sold.

3,4.9 Lettuce (E8)

This activity consists of one planting only. The seedbed is
prepared and sown during Julya, with the seedlings transplanted into
the open ground during September1. (this land being prepared for plant-
ing during August). The crop is wheel-hced and sprayed three times in

all, in September Octobere, and November. The entire crop is harvest-

2'

ed during December,
3.4.10 Carrot (F9)

The land to be sown in carrots is ploughed in June disced,

2!
rotary hoed and levelled during July1, and the seed is drilled during

Julyz. The crop is sprayed with a weedicide as well as wheel-hoed

during Auguste. Thinning is carried out in ceptember and the crop is

1!

wheel-hoed twice more, in b‘eptember2 and Octobera. The carrots are

harvested from the beginning of November until the end of December.

Z.4.11 Cucumber (P11)

Following ploughing, discing and fertilising during December1,
the paddock is levelled and the seed drilled in Decembera. Crop
husbandry then consists of scarifying and hand weeding. Each operation
is carried out three times, during January1, January2 and February.

The cucumbers are harvested in March and April, and most of the

fruit from both outdoor cucumber crops (F2 and P11) is sold under



48

contract to processing firms in Wanganui and Wellington.

Cucumber grown on the freehold land has appeared in the past to
be more susceptible to aphid and mildew infestation and regular spraying
throughout the growing season is considered necessary. This, coupled
with the fact that the leased land is better suited to cucumber crops,
(it is somewhat more acidic and retains moisture better during the
summer months) means that the yield from cucumber on freehold land is

lower than that from the other cucumber activity.

3.4.12 Cabbage (P12)

Cabbage plants are raised in a seedbed during the second half of
July. The land to be planted is ploughed during nugust1 and disced,

levelled and fertilised in September, prior to transplantation. The

1

crop is both hand and mechanically cultivated during September., and

2

Gctober1. Harvesting takes place from Uctober2 until the end of

November.

3.4,13 Cauliflower (P13)

An acre of this activity includes three one-third-acre plantings.
The seedbed is prepared and sown in .&pril2 and three crops are trans-
planted into the open ground, during Julyq, Ju1y2 and Augustq. The
plants are hand-weeded twice during July2 and Augusta, and side-

dressed with fertiliser in September The first crop to be planted

1-
is ready for harvesting in October2 and harvesting then proceeds

continuously until the end of December.

3,4.14 Glasshouse cucumber (F14)

Soil preparation commences in July1 with a mecnanical cultivation,

immediately after which the soil is sterilised. During August1 the soil
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is mechanically cultivated twice more with fertiliser applied between
cultivations. The cucumber plants are purchased from a nurseryman
In September

and planted during August the crop is hand-hoed and

& 1
sprayed, znd string is hung from crosswires to the base of each plant

to provide support for the vines. The plants are sprayed and trained

up the strings every fortnight and irrigated regularly. The cucumbers
are harvested and sprayed every fortnight from November2 until the end
of January. Once harvesting has been completed the glasshouse is clear-

ed, and a greencrop may be sown.

545 The QObjective Function

Fi5a1 Introduction

3/

To allow the objective function to be maximised it is necessary
to calculate the net return per unit of each activity. The net return
per acre of an ictivity may be estimated as the gross margin per acre
of the activityj/ which is defined as the activity's gross return less
the variable costs incurred in producing that activity. The gross
return is the product of the expected price and expected yield, and
variable costs are those directly attributable to the activity.

Variable costs may be divided into two parts - 'observable!'
variable costs (which includes such items as seed, fertiliser, and spray
materials), and 'imputed' variable costs (an example of which is tractor

running costs which need to be calculated from the hours of tractor

usage per activity as stated by the grower).

e See Chapter 2, section 2.1.3.

4.  Wesney, op.cit., pp.68-118 and p.141, and
Frampton, A.R., "The Economics of Growing Sugar Beet on Farms in
South Otago', unpublished M.Agr.Sc. thesls, Massey University
Library, pp.50-53.
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By maximising the revenue based on gross margins (subject to
the restraints) the returns to the fixed resources are maximised. Net
profit is obtained by deducting the fixed (overhead) costs from the

profits shown by the linear programme sclution.

5/

345.2 Calculation of pross margins

3e542.1 Expected prices and yields

A suitable estimate of prices and yields could be obtained by
averaging prices and yields over a period of, say, the past three or
four years. The grower in this study, however, had been recording
price and yield data over the immediate past season only. For each
crop the grower gave an indication as to whether the past season's
prices and yields were above, below, or '"about the average'". These
prices and yields were then adjusted so that in the grower's opinion
they were the best possible estimate of the next season's prices and
yields. The activity prices and yields used in the linear programme
are set out in table 3.3, and multiplication of yield by price gives
the gross return per unit of activity.

The cauliflower activity (P1) was expected to return a slightly
higher price than the other cauliflower activity (P13), since the
former crop is harvested from November2 until Decembera. (The average
price over this period is expected to be higher than the average for

the October? -~ December_ period which is the harvesting time of activity

2
P13).

Se The present section discusses gross margins of annual crops only.
Returns and costs for the two perennial crops are discussed in a
subsequent section.

6. Heady, "Economics of Agricultural Production and Resource Use',
op.cit., pp.475-496, discusses several expectation models of
which the average prices and yields is but one.
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Table 3.3 Price and Yield Assumptions
Activity Unit Yield Price Gross
Return
(5 per
(3) unit)
P1 : cauliflower 1 acre 564 cases 1.20/case 676.80
P2 : cucumber " 13.2 tons 109.10/ton 1440,12
P3 : tomato " 2880 cases 1.39/case |4003.20
PL : lettuce n 600 cases 1.06/case 636.00
P5 & P10: pumpkin " 80 sacks 6.40/sack | 512.00
8 : lettuce t 600 cases 0.94/case 564,00
P9 : carrot n 504 cases 1.58/case 796.3%2
P11 : cucumber n 11.9 tons 109.10/4en 1298.29
P12 : cabbage " 600 cases 0.80/case | 480.00
P13 : cauliflower " 564 cases 1«1k /case 6h2.06
P14 : glasshouse 825 plants|7 cucumbers/ 0.79/plant| 651.75

cucumber plant

Notes: Te Cauliflower, lettuce, carrot, and cabbage are marketed in

banana cases, while tomatoes are packed into smaller, 20 lb.
cases. A pumpkin sack, when full, weighs 140 1lbs.

2e The expected price for glasshouse cucumbers is 50.79 per
seven fruit (i.e., $0.79 per plant).

The lettuce activity (P4) is harvested from September, until

October2 when the grower expects prices to be somewhat higher than those
prevailing during December, when the lettuce activity (P8) is harvested.
It was the grower's opinion that yields would be identical for

cauliflower grown on either land block and that yields and costs would
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be identical for the two lettuce and pumpkin activities, whether grown on
leased or freehold land. However, the grower estimated the yield from
cucumber grown on freehold land to be 10 percent less than from cucumber

grown on the leased land (for reasons given in section 3.4.71).

5 s Variable costs

As costs do not change from year to year as markedly as do prices
and yields, more certainty can be attached to cost estimates than to
estimates of gross revenue. Costs were based on those of the past
season With the exception of container costs, which were directly related
to the yield estimates.

The activity variable costs are given in table 3..4.

3.5.2.3 Gross margins

The gross margins are calculated by subtracting the variable
costs total of table 3.4 from the gross revenue of the same activity
given in table 3.3.

Table 3.5 gives the gross revenue, variable costs, and gross
margins for all activities with the exception of rhubarb (P6) and

Soleil 4'Ors (P7).



Table 3.4 Variable Costs ($)

Activity Unit Fertiliser Seed/ Spray Tractor Container Total
Ilants & Sundry
P1 : cauliflower 1 acre 56.00 12.00 - %.80 28.20 100.00
P2 : cucumber " ! 52.00 20.00 - 6.60 - 78.60
B3 : tomato " 110.00 72.40 32.00 5420 212.80 432,40
P4 & P8 : 1lettuce " 91.00 12.00 13.40 L,00 30.00 150. 40
PS5 & P10: pumpkin " 24,00 12.00 3.00 3.40 4.00 45,40
P9 : carrot n - 12.40 12.20 %.20 25.20 I 53,00
P11 : cucumber " 52.00 20.00 9.50 6.60 - 88.10
P12 : cabbage " 23.00 2.40 - G.40 30.00 61.80
P13 : cauliflower " 56 .00 12.00 - 3.20 28.20 99.40
P1L . glasshouse 825 plants 7.60 82.40 L. 40 0.80 35.00 130,20
cucumbers
|
Notes: 1 Calculation of tractor running costs is similar to that used by Frampton.

See Frampton op.cit., p.57.
2 Banana cases cost $0.15 each to buy, but $0.10 is refunded by the auction firm once the

produce is sold, so that the net cost to the grower is 50.05. The net cost of sacks

and the smaller cases used for glasshouse tomatoes is also 10.05 each.

¢c
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Table 3.5 Gross Margins ($)
Activity Unit Gross Variable Gross
Return Costs Margin
P1 cauliflower 1 acre 676,80 100.00 576.80
p2 cucumber " 1440,.12 78.60 | 1361.52
F3 : tomato a 4003.20 432,40 | 3570.80
P4 : lettuce " 636.00 150.40 L85.60
F5 & P10: pumpkin " 512.00 46,40 465.60
P8 lettuce " 564.00 150.40 k13,60
P9 : carrot i | 796.32 53.00 743,32
P11 : cucumber " 1298.29 88.10 | 1210.19
P12 cabbage " 480.00 61.80 418.20
P13 : cauliflower " 642.96 99.40 543.56
P14 : glasshouse 3825 plants 65175 130.20 521.55

cucumber
FeHid Perennial crops and discounting

Since returns and yields for the perennial crops increase each

year, it was necessary to derive a gross margin for these crops which

would indicate their profitability when compared with the gross

margins (net returns) of the annual crops.

This is achieved by first

discounting the annual future net returns of the perennial crops back

to the present.

3‘5-3-1

During the past season the yield from this crop was 722 cases per

Present value of rhubarb (F6)

acre, which was sold at an average price of $1.96 per case.

The grower

thought that the same price would be a reasonable estimate for the

following season.

He also stated that the rhubarb yield in the first
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year after planting would be 300 cases per acre, increasing to 1200
cases per acre in the fifth and final year.

Annual variazble costs of rhubarb are given in table 3.6.

Table 3.6 Variable Costs ($ per acre) - Rhubarb (P6)
[
Year Fertiliser Cases Tractor Total
| 1 216.00 15,00 2.00 233.00
2 108.00 26.30 - 134.30
3 108.00 37.50 = 145.50
Iy 108.00 48,80 = 156.80
5 108.00 60.00 - 168.00

Given the price, yield and variable costs in each of the five
years, the net returns in each year can be calculated and the "strean"
of net returns discounted back to the present to give the present
value of the future net returns of the activity.

7/

The present value is calculated from:

(3-1)

BV = a1 + a5 + a3 - ay, + a5

(er) (14002 (140)® (o)t (140)?
where PV is the present value of the activity,
a, to a5 are the net returns in years 1 to 5, and

r is the market interest rate expressed as a decimal (taken to

be 0.06)-

7 % Equation (3-1) assumes that all costs and returns occur at the end
of each year.
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Table 3.7 Fresent Value of Rhubarb (F6)
|
Year Yield Frice Gross Variable Net Fresent
| (cases/ $/case) Return Costs Return Value
E : R | *+——+—($/acre) »
1 ]
1 300 1.96 588.00 233,00 355.00 | 334.91
2 525 1.96 1028.40 134,30 894.10| 795.46
3 750 1.96 1470.00 145,50 1324.50 1 1112.09
| 4 975 1.96 | 1911.00 | 156.80 | 1754.20| 1388.92
5 1200 1.96 23%52.00 168.00 2184.00 | 1631.07
|
% YV = 5262.45
|

Therefore the rresent value of future net

to $5262.45 per acre.

SsBads2

Fresent value of Sokil d'Ors (F7)

returns from rhubarb amounts

Last season this activity gave a gross return of $354.0 from

140 x 12 dozen flowers, being the yield from two-thirds of an acre.

As this was thought to be an average return a price of $0.21 per dozen

flowers was estimated for the coming season.

Of the two-thirds of an acre of Soleil d'Ors, one-third of an

acre is one year old, while the other one-third acre is in its seventh

and final year.

Last season, 259 dozen flowers were taken from the

10,000 bulbs planted in the one-year-old block (the planting rate is

30,000 bulbs per acre), giving one flower for about every three bulbs
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planted. In the same season, 1,421 dozen flowers were picked from the
seven-year-old block and by assuming one flower was still produced for
every three bulbs, this meant that by the end of the seventh year the
10,000 bulbs planted had multiplied to zbout 50,000.

The number of bulbs per acre for years 2 to 6 were calculated
on the assumption that bulb multiplication would conform to a geometric
progression%/given that the number of bulbs in the first year was
30,000 and in the seventh, 150,000. Following this, the yield of
flowers in each year was calculated on the assumption that one flower
is obtained for every three bulbs. The gross return in each year could

then be obtained.

The variable costs in each year are set out in table 3.8.

Table 3.8 Variable Costs ($ per acre) - Soleil d'Crs (P7)
Year Bulbs Spray Tractor Cases Total
1 510.00 13.00 5.80 0.45 529.25
2 - 13.00 - 0.60 13.60
3 - 13.00 - 0.80 13.80
L - 13%.00 - 1.05 14.05
5 - 13.00 - 1.35 14.35
7 - 13.00 1.80 2.30 17.10

8. That is, one bulb multiplies to two the next year, four the year

after, and so on. However, due to pests and diseases the actual
number of bulbs will be less than the theoretical number.
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The net returns for each year were calculated from the price,
vield and cost estimates, and the "stream'" of net returns was dis-

counted to a present value using:

7
BV = Z an (3-2)

=
" (1+r)"

where a, is the net return in each of the seven years.

The present value calculations are given in table 3.9.

Table 3,9 Present Value of Soleil d'Ors (P7)

Year Bulbs Flowers Gross Variable Net Present
(per (doz/ Return Costs Return Value
acre) acre) -*-——t—($ per|acre) -

30, 000 833 174,93 529425 =354.32 | -334.26
2 39,000 1083 227.43 13460 21%,83 190,24
3 51,000 1417 297457 13.80 283%.77 238,26
b 66,000 1833 384,93 14 .05 370.88 293,65
5 87,000 | 2417 507.57 14.35 493,22 368.35
6 114,000 | 3167 665.07 14.75 650432 458,29
7 150, 000 L1167 2915,07 17.10 2897.97 1928.12

SPV = 3142,65

Note: Gross revenue in the seventh year includes the returns from the
sale of all bulbs over and above the planting requirement of
30, 000.
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The present value of future net returns from Soleil d'Ors is

therefore $3142.65 per acre.

Ze5alt Calculation of annuities

Once the present value of future net returns from the perennial

9/
crops had been established, an annuity could be calculated, using
10/
equation (3-3).
A = PV | x (7+I‘)n (3-3)
(14r)"-1

where A is the annuity,
PV is present value (computed in section 3.5.3),
r is the market rate of interest, expressed as a decimal, and
n is the life span of the activity.
The annuities are included in the linear programme as the annual

gross margins of the perennial activities.

2.5.4.1 Rhubarb (P6) annuity

The present value of the rhubarb activity was found to be
$5262.45 per acre. Given that n = 5 years and r = 0.06, the annuity

may be calculated:

]

5262.45| 0.06 (1.06)?
(1.06)5 - 1

A

$1247.15 per acre

i

9. An annuity is that constant value whose present value is the same
as the present value of the stream of uneven net returns, over the
same period of time.

10. Faris, J. EZdwin, "Analytical Techniques used in Determining the
Optimum Replacement Pattern'", Journal of Farm Economics, vol.h2,

p.759, 1960.
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Fe5elta2 Soleil d'Ors (P?) annuity

The present value of Soleil d'Ors is $3142.65 per acre, n = 7

years, and the annuity is:

3142.65 | 0.06 (1.06)7
(1.06)7 - 1

B
il

1l

$563.45 per acre

b PN P Cverhead costs

The objective function has been constructed so as to maximise
returns to the fixed resources of the holding. Once the lineer programme
has been solved (that is, the objective function maximised) overhead
costs are deducted from the programmed profit to obtain the net profits
of the farm plan.

The overhead costs of the holding are shown in table 3.10 and,

with the exception of wages, were taken from the grower's 1966/67
11/

balance sheet. Wages of all employees were determined from the hours

of labour available, costed at the appropriate wage rate.

Table 3.10 Overhead Costs (%)

Rent and rates 849.70
Fower and light 25.90
Plant and vehicle repairs and maintenance 1,129.70
Plant and vehicle depreciation 599.00
Buildings repairs and maintenance 114 .00
Buildings depreciation 8.00
Employees' wages 10,840.00
Motor expenses 24112.50
Administration expenses 260.80
Refreshments 150.00
Total overhead cost $16,089.60

17 These do not include the owner's wages, and hence the grower's 'true"
grofits are those remaining once his own salary has been withdrawn
rom net farm profits.



61

12/
3.6 Input-Cutput Coefficients

3.6.1 Freehold land restraints

Should production of any of those activities which require free-
hold land increase by one unit (one acre) the unused supply of this
land would be reduced by one acre and therefore the input-output
coefficients are equal to unity. Ais an example, restraint R4 may be
written as an inequality, the supply of freehold land being equal to

four acres. Therefore,

10 Xg + 1.8 - - 40 X0 * 140 X4 € 4 (3-4)

7 0
which expresses the condition that the total acreage of freehold land
in production during the January - April period, must be less than or
equal to the supply of four acres (where Xgs for efhmple, is the
production level of activity F6).

The inequalities for the other freehold land restraints are

derived in 2 similar manner.

%642 leased land restraints

The cauliflower (F1) and tomato (P3) activities consist of two
and five plantings respectively and the land required by esch planting
need not be prepared or cleared all at the same time. For example, the

land for both cauliflower plantings is ploughed in September but by

1'

December2 the first crop has been harvested and the land is available

for another crop so that for every one acre ploughed in September1

only half an acre is required in the second half of December. Therefore

g -2, The input-output coefficients are the ai. values already mentioned
in Chapter 2, section 2.171.5. J
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the cauliflower activity will have a coefficient of unity for the
September - QOctober leased land restraint, but a coefficient of 0.5

fer the Decewmber., lezsed land restraint.

2
Turning now to the tomato activity, lznd for the first two
plantings is prepared in Jeptember, that for the third and fourth

Plantings is prepared in December, 6 and December, respectively, while

1
land for the fifth planting is prepared in January1. The grower
estimated that in June1 he would clear the first gplanting and about
half of the second from the paddock since harvesting of them would be
complete., The remainder of the tomato crop would remain in the ground
until the end of July.

Thus the leased land coefficients for one acre of the tomato

activity would include O.4 for the september - October and November

restraints, 0.6 for the December, restraint, 0.8 for the December

1 2

restraint, 1.0 for the January - 4pril and May restraints and 0.7 for the
June - July restraint.

To provide an example of a leased land inequality, reference
to figure 3.1 shows that during November four activities (cauliflower
(P1), cucumber (P2), tomato (F3) and pumpkin (P5)) require leased land.
The supply of leased land is nine acres, and the November leased land

restraint (R9) is defined by:
1.0 X, + 1.0 X, + 0.4 X5 + 1.0 x5 £ 9. (3-5)

Inequality (3-5) states that the linear programme must not use
more than nine acres of leased land in the production of activities
P1, P2, P3 and PS5, during November. (Since the lettuce activity (FP4)
does not require leased land during November, it has a zero input-

output coefficient and has been omitted from (3-5)).
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3.6.3 Labour restraints

¥
-4

To enable the labour input-ocutput coefficients to be determined
and therefore the labour restraints to be numerically specified, it
was necessary to obtain from the grower an estimate of the amount of
time spent in each half-month pericd on the various operations involved
in producing one unit of each activity.

The grower outlined all operstions performed on each activity,
at what time they occurred and the tractor and labour hours involved.

He stressed that these coefficients, although considered reasonable

for a normal season, could be subject tc variation brought about mainly
by the prevailing weather conditions. For example, ploughing would

take longer in wet than in dry., lcose soil, or more or less time may
need to be allocated to weeding or spraying than estimated. (The
weather may also affect the timing of operations zlthough some flexibil-
ity does exist in the linear programme in that jobs may be carried out
any time within a period of half a month).

Table 3.11 shows the tractor and labour inputs per one acre out-
put of the lettuce activity (P8) as an example of the information
collected. Floughing (for example) is carried out during Augu5t1,
only one stroke is necessary (that is the ground is ploughed once
only), the tractor is running for 2.5 hours and 3.5 hours of labour
are Qequired.

The labour hours per acre are summed for each half-month period
to provide the labour input-output coefficients. For example, the total
labour requirement of the lettuce activity (P8) during July2 i8' 1.7
hours per acre - should production of this activity be increased by one

acre, 1.7 hours of labour will be required from the J‘uly2 labour supply.



Table 3.11

Labour Input - Lettuce Activity (P8)
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Operation Date Strokes Total Total
Machine |Labour
(hours/ |(hours/
acre acre
In seedbed: Seedbed Preparation July2 - ~ 1.4
and sowing
Cover with glass July2 - - L&
Spray seedbed Aug.1 - - 0.2
In open
ground: Flough Aug.1 2¢5 3.5
Disc Aug. 3 4.0 L.,0
Level ﬁug.2 1 1.0 1.0
Fertiliser
application Luge, 1 1.0 15
Plant Sept., - 160.0
iflheel hoe Sept., 1 - 34,0
Spray qept.al 1 2.0 Za 5
Wheel hoe Octes, 1 - zLh,0
Spray Oct.2 1 2.0 2.5
Wheel hoe Nov., 1 - 34,0
Spray Nov., 1 2.0 2.5
Harvesting Dec.1 - - 50.0
Harvesting Dec.2 - - 100.0
The 'total machine hours per acre' column was summed for each

activity, and used to calculate the tractor running cost per acre

(see table 3.4).

Inequality (3-6) specifies the July, labour restraint (R29)

where the supply of labour during this period is 329 hours:

0.3::1 + 21.6x

+ 2.5%

9+

3 + 6.0x5

6.0x10

+ 2.0x12+ 10.6::1

3

% 20.0x6 + 60.0x? + 1.7x8
& 329

(3-6)
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Difficulty was experienced in the calculation of accurate labour
coefficients for the two perennial crops, rhubarb and Soleil d'Ors.
First, should the acreage of these crops included in the linear
programme solution be greater than (less than) those of the past
season extra labour will be required for planting (digging out).
Secondly, the labour requirements for harvesting will increase each
year until the crop is due for replacement, since yields increase each
year. The labour input coefficients for the perennial activities, then,
do not include any allowance for new plantings and conform to the
grower's estimate of the labour requirements for weeding, spraying,

and harvesting in the average year.

3.6.4 Cropping limit restraints

The maximum acreage the grower would consider planting of each
activity has been specified and each of these restraints is an inequality.
For example, the acreage planted in outdoor cucumbers (activities P2
and P11) must not exceed 2.5 acres (restraint R41), and (3-7) ensures

that this restraint is not violated:

1.0x. 4+ 1.0% 4 245 (3-7)

If less than 2.5 acres is planted in cucumbers, then the difference

between 2.5 acres and the acreage planted will be in disposal.

Z.6.b4.1 The glasshouse restraint (R52)

The area:of the glasshouse is 3,000 square feet and can be planted
with up to 825 cucumber plants. Since one glasshouse unit is the space
required by 825 plants (3,000 sq.ft.) and one unit of the glasshouse
cucumber (P14) activity has been defined as 825 plants, the condition

that the capacity of the glasshouse must not be exceeded is ensured
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13/

3.6.5 Dominated restraints

# dominated restraint in a linear programme can never limit
production since there will always exist at least one other restraint
which will effectively limit producticn before the doeminated restraint.
Since dominated restraints are superfluous, they may be omitted from
the linear programming problem without affecting the solution, but with
a consequent reduction in the size of the simplex tableau and hence
computational effort. It was found that the September - October,

January - April, May - June June, - July and August freehold land

92 2
restraints were dominated, as were the Ueptember - October, November,
May and august leased land restraints, and the January2 and June2 labour

restraints.

L% The Basic Matrix

The basic matrix is presented as table 3.12. The supplies of
each resource (restraint) form the first, or B, column of the basic
matrix, while each of the fourteen activities F1 to P14 is represented
by the remaining columns. Each restraint forms a row of the basic
matrix., Construction of the matrix is easily understood by first
following the derivation of the restraints (such as inequalities 3-k,
3-5, 3-6, 3-7 and 3-8) and then examining their inclusion in table 3.12.
The resource supply is entered in the B column, and the coefficients are

placed in the appropriate activity columns. The row at the top of the

i Heady and Candler, op.cit., pP.151-154.




Table 3.12 The Bagic Matrix
576.80|1361.52 [3570.80 | 485.60 | 465.60 [1247.15 | 562.45 | 413.60 | 743.3%2 | 465.60 [1210.19 | 418.20 | 543.56 | 521.55
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Restraints un%t+ B 1 acre| 1 acre| 1 acre |1 acre |1 acre | 1 acre (1 acre |1 acre |1 acre | 1 acre | 1 acre |1 acre |1 acre |plants
Freehold langd:
November 1 acre Loy 1.0 1D 10 1.0 1.0 1= 150
December h o[> 1.0 1.0 1.0 1.0 1.0 10 150
lLeased land:
December 1 " 9 > 1.0 1.0 0.6 1.0
December 2 e 9 |>» 0.5 1.0 0.8 %o
January-April i 2 |» 1.0 {ite, 1,40
June-dJduly " 9 |» 0.7 1.0
Labour:
January 1 1 hour 362 > 7:5 h3.3 6.0 6.0 TS 21 50
January i S5ht | > 10.5 57+2 745 25.0
February 1 " 706 |> 29.7 98.2 0.5
February 2 n 706 | k7,5 93.6 7.0
March 1 . 795 |» L.5 89.0 48.0
March 2 s 795 |» L7.5 8.2 62.0
April 1 2 795 [ » 29.7 0.4 1.5 | +0 620
April 2 " 785 | 14 .8 80.4 245 2L.0 €0.0 2L.0 48.0 B
May 1 i 795 |3 63.0 0.3 60.0 4.5 60.0 %5
May 2 " 63% |3 92.8 36.0 20.0 0.1
June 1 " 4227 | > 21.0 | 169.8 4o.5 0+
June 2 i 427 |3 o) 20.0 he5 3.0 4.5
July 1 n 329 |» 240 27.6 36.5 6.0 20.0 60.0 7.5 6.0 3.3 5.0
July 2 ! 329 |» 0.3 21.6 6.0 20.0 60.0 Y7 245 6.0 2.0 10.6
Aygust 1 " 329 |» 3645 6.0 26.0 60.0 3,7 6.0 3.0 3e3 245
August 2 " 329 |» 0.3 6.0 36.0 1240 6.5 14.0 6.0 33.0 35
September 1 ! 329 |»| ~4.0 55 2e5 %6.5 12.0 36.0 160.0 | 180.0 12,0 47.5 2.0 9.5
September 2 W 329 3| 1540 32.0 12.0 36.0 36.5 12.5 12.0 48.0 2.0
October 1 1 L27 || 33,0 5.6 4.0 12.0 54 .0 12.0 48,0 2.0
October 2 M k27 |>| 33.0 5.2 64.0 48.0 36.5 12.5 20.0 15.2 2.5
November 1 " ko2 |[» 2.0 10.0 1363 14,0 4L8.0 34 .0 36.0 14.0 4Lo.0 305 2.5
November 2 " Loz || Lg.5 7.9 8.0 2.5 36.0 20.0 61.0 6.5
December 1 " Loz [»]| 99.0 745 22.8 F e 4.5 50.0 36.0 7.8 18.0 61.0 22.5
December 2 i Lo2 |»| 49.5 28.3 8.0 100.0 36.0 8.0 4.0 3045 21.0
Cropping limits:
Cauf1§§ower (P1) 1 acre JO S 1.0
Sucumber b . > 1.0 1.0
Tucu%ber (P11) s g. 4 - 1.0
omato . .
%3ttuce (P4) n e > 1.0
mpkin 0 |> 1.0 1.0
Rhugarb ) 1.8 > T8
Soleil 4'0Q " 0. 2 1.0
Lettuce (P i 1.5 |» 1.0
arrot ) > i o)
Cabba i 9-8 > 1.0
Cauligfower (P13) " G PR Tl %40
Glasshouce: 3000 sq.ft| 1.0 |> 1.0




matrix contains the activity gross margins.

All disposal activities have been omitted from table 3%.12 to
save space, as have those freehold and leased land restraints found
to be dominated. The two dominated labour restraints are included,
however, since these provide information not covered elsewhere.

A4y
2.8 The Solution

15/
3.8.1 The cropping programme

Table 3.13 lists all real activities included in the linear
programme solution, the months over which each activity occupies the

land and the production level of each activity.

FeBu2 Comparison of the linear programme solution with the grower's

plan

2.8.241 Comparison of activity levels

Table 3.14 contains the levels of all activities in the optimum
plan and the grower's plan, profits from both plans, and indicates the
differences in production levels and farm profits for both plans.

Of the crops grown on leased land, only the tomato activity (¥3)
is included in both plans at the same level of 5.0 acres. The planting
of cucumber (F2) has decreased from 2.50 acres in the grower's plan to

2.00 acres in the optimum plan, and cauliflower (P1), lettuce (P4) amd

14, The solution was obtained using an I.B.M. 1620-II computer and
the I.B.M. 1620-1311 Linear Programming System.

15. Discussion of this initial solution with the grower led to the
derivation of further plans (sectiocn 3.9). Since one of these
latter plans was adopted by the grower, the initial solution
will be discussed only briefly.



69

Table 3.13 The Cropping Programme
Activity Land Use Activity Level

In leased land:
P1 : cauliflower September1 - Decamher2 2+3%5 acres
P2 : cucumber November1 - Apr112 2,00 acres
P3 : tomato September1 - July2 5400 acres
Pi : lettuce June,T - October? 1.50 acres
PS5 : pumpkin Nm:rembez'_1 - ﬁ.pril2 1.65 acres
In freehold land:
P6 : rhubard perennial 1.00 acre
P7 ¢ Soleil d'Ors verennial 0.67 acre
PGS : carrot Junep ~ December2 0.50 acre
P10 : pumpkin Novomber1 - Anri12 0.3% acre
P11 : cucumber December1 - .-“Lpril2 0.50 acre
P12 : cabbage Augu5t1 - November2 0.50 acre
P13 : cauliflower May1 - December? 1.00 acre
P14 : glasshouse

cucumber 825 plants

Farm profit (pre-tax) $11,368,.72

Note: Pre-tax farm profit = ?? cij - Q

where c

gross margin of activity P.
level of activity P, J
overhead costs. J
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Table 3,14 Comparison of Activity Levels and Farm Profits

Between the Optimum and the Grower's FPlan

Activity Optimum Plan |Grower's Flan Difference
P1 : cauliflower 2+35 acres 2400 acres + 0.35
P2 : cucumber 2.00 acres 2450 acres - 0.50
P32 ¢ tomato 5.00 acres 5.00 acres -
P4h : 1lettuce 1.50 acres 1.00 acre + 0450
P5 : pumpkin 1.65 acres 1.50 acres + 0.15
P6 : rhubard 1.00 acre 1.00 acre -
P7 : Soleil d'Ors 0.67 acre 0.67 acre =
P9 : carrot 0.50 acre - + 0.50
P10 : punmpkin 0«33 acre 2.33 acres - 2.00
P11 : cucumber 0.50 acre - + 0.50
P12 : cabbage 0.50 acre - + 0.50
P13 : cauliflower 1.00 acre - + 1.00
P14 : pglasshouse

cucumber 825 plants 825 plants -

Farm profit (pre-tax) $11,368.72 510, 736.86 + $631.86
Note: A positive entry in the fourth column indicates that the

level of an activity in the optimum plan is greater than
in the grower's plan.

pumpkin (P5) are included in the optimum plan at levels exceeding those
in the grower's plan by 0.35, 0.50 and 0.15 acre respectively.
The grower's plan includes only three crops on the freehold land,

as against seven on this land in the optimum plan. Rhubarb (P6) and
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Soleil d'Ors (P7) are included in both plans at the same levels, although
the area of pumpkin (FP10) in the optimum plan is 2.0 acres below that in
the grower's plan. Thus the total pumpkin acreage in the optimum plan
is 1.98, compared with 3.83 acres of pumpkin in the grower's plan.

The cucumber (F11) activity is included only in the optimum plan
(at 0.50 acre) so that the total cucumber acreage in both plans is
similar, 2t 2.50 acres. Three other activities, carrot (P9), cabbage
(P12) and cauliflower (P13) are included only in the optimum plan.

The glasshouse cucumber activity is at the maximum level in both

plans.

z,8.2.2 Comparison of profits

By adopting the linear programme sclution rather than his proposed
rlan the grower can expect an increase in pre-tax profits of $631.86,

which is 5.9 percent of the pre-tax profits from his proposed plan.

3.8.3 G3tability of the optimum plan

18/

Table 3.15 includes the upper and lower gross margin limits.

Of the basic activities it can be seen that tomato, lettuce (Fh4)
and glasshouse cucumber are the most stable with regard to changes in
their gross margins, although both of the cucumber activities, rhubarb,
Soleil d'Ors and carrot may also be considered stable components of the

cropping programme.,

16. Should the gross margin of a basic activity equal one of the
limits, the z_., - c¢. value for some non-basic activity will be
zero and it mﬂy thdrefore enter the basis without reducing
profits. Also, should the gross margin of a non-basic zctivity
increase by the amount of its marginal opportunity cost, the
z, - ¢, value of that activity would become zero so that it could
vé incfuded in the basis without reducing profits. See Chapter
2, section 2.1.11.
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Table 3.15 Gross Margin Stability Limits ($)
Activity Unit Lower Gross Upper
Limit Margin in Limit
Plan
Basic Activitiés:
P1 : cauliflower 1 acre 465,60 576.80 599.25
P2 : cucumber 1 acre Les5.23 1361.52 1615.59
F3 : tomato 1 acre 301.45 | 3570.80 infinity
F4 : 1lettuce 1 acre 0 485.60 infinity
PS5 : pumpkin 1 acre 442,15 465.60 576.80
P6 : rhubarb 1 acre 461.58 | 1247.15 infinity
P7 : Soleil d'Ors 1 acre 456.09 563.45 infinity
P9 : carrot 1 acre L99.98 743.32 infinity
P10 : pumpkin 1 acre 427,71 | LEs,60 478.69
P11 : cucumber 1 acre 956.12 | 1210.19 infinity
P12 : cabbage 1 acre 164.13 418.20 456.09
P13 : cauliflower 1 acre 530,47 543,56 infinity
P14 : glasshouse 825 plants 27.43 52155 infinity
cucumber
Non-basic activity:
P8 : 1lettuce 1 acre 413,60 517.05

The five remaining real activities in the solution form relative-
ly unstable elements since at least one or other of the gross margin
limits is quite likely to occur as a result of unforeseen fluctuations
in prices and/or yields.

The lettuce activity (P8) may be profitably included in the crop-
ping programme should prices or yields increase sufficiently to allow

its gross margin to exceed the upper limit.
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2,8.4 Unused resources

3-8.4.1 Land

The quantity of land unused (in disposal) during each time period

is given in table 3.76.

Table 3.16 Land in Disvoszl
|
Disposal Activity Level in Plan (acres)

Freehold land:

September - October 0.33
January - April 1.50
May - June, 1.33
June,, - July 0.83
August 0.33

Leased land:

September - October L.65
November 1.00
December2 0.17
January - April 0.35
May 4,00
June - July 4,00
August 7.50

A11 freehold land is used during November and December, and all
leased land is cropped during December1 so the corresponding disposal

activities will not be present in the basis. At least 1.33% acres of
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freehold land is left unused from January until Juneq and this land
could either be left fallow, or sown in a greencrop which the grower
considered to be a sound management practice. Thus all freehold land
would be sown in a greencrop once every three years, since the disposal
level of 1.33 acres is one-third of the freehold land supply of four
acres.

During May, June and July four acres of leased land are in
disposal, and from August until the end of Cctober (when the lease

terminates) 7.50 acres of leased land are unused since 1.50 acres of

lettuce (P4) is the only crop occurying the land over this period.
3.8.4.2 Labour

Table 3.17 includes the level of all labour disposal activities
in the optimum plan, with some labour being unused during each period

except the first half of December.

Table 3,17 Labour in Disposal
Month Disposal Level (hours)
First half-month *Second half-month
January 93.86 208.25
February 15535 139.50
March 231.00 263.00
April 298.42 227 .41
May 352.69 119.50
June 26.70 37799
July b7.42 135.36
August 188.86 228.87
September 13.35 153.74
October 121.71 145.53
November 254.07 192.73
December - 76.88
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17/

3.8.5 Value of resources

3’.8.5.1 Land

Table 3.18 gives the values imputed to the effective land
restraints. The value of freehold land during November is $418.20
per acre and that of freehold land during December is $37.89 per acre.
Since the grower must increase the supply of this land in every month
of the year if he buys extra land, the value of an additional acre of
freehold land is equal to the sum of the values imputed to November

and December land, that is, $456.09 per acre.

Table 3.18 Land shadow Frices
Resource Unit Shadow EFrice
R2 : Freehold land - November 1 acre 3418.20
R3 : Freehold land - December " $37.89
R10 : Leased land - Decemberq L $456.,09

The value of leased land during December, is also $456.09 per

1
acre, and it will pay the grower to lease additional land (providing
it is available during the first half of December) if the rent is less

that $456 per acre.

17 « It is recalled that only 'scarce' resources have economic value
- should part or all of a resource supply be unused the resource
is 'free' and has no value, since additional units of that
resocurce would not be used and would not, therefore, add to
production. (See Chapter 2, section 2.1.9).
Also, a shadow price will remain unchanged only until the resource
supply has been expanded to a certain limit (See Chapter 2,
section 2.1.11.2). Unfortunately, the I.B.M. 1620-1311 L.P.
System does not give these limits.
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3.8.5.2 Labour

The entire labour supply is used cnly during the first half of
December. The value of this labour is $1.22 per hour, this being the
value at the margin of the increase in output which would result from

hiring extra labour during this period.

%.8.5.3 Cropping limits

If a cropping limit restraint is effective, the level of that
crop included in the optimum plan will be equal to the maximum level
as defined by the grower, and a value will be imputed to the appropriate
restraint indicating the increment in profit which would result by

marginally relaxing the restraint. OSuch values are presented in table

on the acreage of cauliflower (P1), pumpkin, lettuce (P8) and cabbage.

3.19. A1l cropping limit restraints are effective except those imposed
Table 3.19 Cropping Limit Shadow Frices
Restraint Unit Shadow Frice
R41 : cucumber limit 1 acre $896.29
R42 : cucumber (P11) limit " $254.07 ‘
R43 : tomato limit " $3269.35 ‘
R44 : lettuce (P4) limit " $485.60 |
R46 : rhubarb limit " $785.57
R47 : Soleil d'Ors limit i $107.36
R49 : carrot limit " $243,34
R51 : cauliflower (P13) limit L $13.09
R52 : glasshouse cucumber limit 825 plants $494,12
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The greatest profit increases will result by relaxing the tomato,
cucumber, rhubarb or glasshouse cucumber cropping limits. (Should it
be decided to expand the level of the latter activity, however, an
extra glasshouse will be reguired, which means that cther factors such
as the availability of capital and returns on capital invested else-

where must be considered).

ZeBeBeB.1. The tomato cropping limit

The tomatoc cropping limit merits special consideration since
its shadow price of $3269.35 per acre is more than three times as
great as the next highest shadow price. Thus it is apparent that the
grower should give considerable attention to the possibility of
increesing the size of the tomato crop beyond the limit of five acres

which he imposed when the linear programming model was constructed.

B 4 Parametric Solution

Fa'De The reason for computing alternative plans

Although the grower had stated that five acres of the tomato
activity was the maximum level he would be prepared to handle, further
plans were computed, making the tomato cropping limit less restrictive
to determine whether the large profit increases that appeared likely
would persuade the grower to adopt a plan which included more than

five acres of tomatoes.

3.9.2 Parametric linear programming

Parametric solutions are obtained when a price, resource supply

or input-output cocefficient, which is constant for any given linear
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programme, is allowed to vary from problem to problem. Since the
tomato cropping limit is to be varied from problem to pgoblem, the
technique is similar to variable resource programming.l_/

The shadow price of the tomato cropping restraint will remain
constant for restraints between five acres and some upper 1imit.12/
For any restraint between these limits the corresponding optimum
solution can be found with reference to the final simplex tableau.gg/
Once the restraint exceeds the upper limit, however, a new optimum
basis will need to be computed.

The whole series of optimum solutions can be obtained with the

minimum of computational effort by setting the 'supply' of the temato

cropping restraint in a2 new problem fractionally above the upper limit

to increases in the resource supply from the preceding solution, and so

continuing until all resource supplies of interest have been covered.
The I.B.M. 1620-1311 L.P. system does not, however, give the limits
over which shadow prices remain constant, so the parametric solution

was obtained by increasing the tomato cropping limit from 5.0 acres

to 5.1, 5.2 acres and so on, the critical plans being found by inspect-

ing the shadow price of the tomato cropping limit in each plan and

18. Heady and Candler, op.cit., Chapter 7.

19. See Chapter 2, section 2.1.11.2.

20, The coefficients in the tomato cropping limit disposal activity
column of the final simplex tableau indicate the changes in the
level of basic activities which would result from a one-unit
increase in the level of disposal (a positive coefficient
indicates that the level of a basic activity would decrease,
and a negative coefficient indicates that the level of a basic
activity would increase). By reversing all signs in this
column, the changes in the levels of basic activities resulting
from a one-unit increase in the tomato cropping limit are
indicated.
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21/

thus ascertaining the points where the shadow price changes.

34943 Activity levels in the parametric solution

Table 3.20 contains the farm plans obtained by varying the
temato cropping limit. The second column cf the table contains the
optimum solution to the initial linear programming problem which has
already been discussed in section 3.8. The remaining columns give
the levels of real activities and farm profits for each of the six
critical plans,

Figure 3,2 gives a graphical presentation of the parametric
solution by plotting the levels of basic real activities vertically
above the tomato cropping limit of the plan in question for those
activities whose levels vary in the parametric solution. Since
linear programming is being employed, points in figure 3.2 may be
joined by straight lines s0 as to represent the continuous nature of
the parametric sclution. The rate of change of an activity level and
farm profits remains constant between successive critical plans so
that once these plans are known the optimum solution for any tomato
cropping limit (between 5.00 and 6.48 acres) may be read directly

from figure 3.2.

3.9.4 Resource values in the parametric solution

The marginal value products of scarce resources, plus the

marginal opportunity costs of non-basic real activities, are given

21. If the shadow price was found to change between, say, 5.0 and
5.1 acres, the limit was then set at 5.05 acres and so on to
find the exact point at which the change occurred. Also, the
shadow price may change more than once in one-tenth of an acre.
The discrete points at which the shadow prices changed were
thus found to an accuracy of three decimal places.



Table 3.20 The Parametric Solution - Activity Levels (acres) and Farm frofits
Activity Initial First Second Third Fourth Fifth Sixth
Solution |[Critical Critical Critical Critical Critical Critical
Flan Plan Flan Flan Flan Plan
P1 : cauliflower 2435 2.2k 251 2.52 2.58 2.58 2.58
P2 : cucumber 2.00 2.00 2.00 2.00 2.00 2.00 200
P3 : tomato 5.00 5459 6.28 5.29 B.hb 5.46 6,48
P4 : 1lettuce 1.50 1.50 1.50 1450 1.48 1.49 1450
P5 pumpkin 1465 1.4 0.72 0.71 0.56 0.54 0.52
P6 rhubarb 1.00 1.00 1.00 1.00 0.98 0.93 0.88
P?7 : Soleil d'Ors 0.67 0.67 0.67 0.06 - - -
PS : carrot 0.50 0.50 0.50 0.50 0.50 0.50 0.50
P10 : pumpkin 0.33 0.3%4 1.05 1.06 2.00 2.07 2.12
P11 cucumber 0.50 0.50 0.50 0450 0.50 0.50 0.50
P12 : cabbage 0.50 0.50 0.50 0.50 0.50 0.50 0.50
P13 : cauliflower 1.00 0.99 0.29 0.27 0.02 - -
P14 : glasshouse 825 825 825 825 825 825 825
cucumber plants plants plants plants plants plants plants
Farm profits ($) 11,368.72 | 1%,297.54 | 15,543.81 | 15,575.01 | 15,970.19(15,998.95 | 16,021.06
(pre-tax)

03
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Figure %.2 The Parametric Solution
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for the initial plan and the six critical plans of the parametric
solution. in table 3.21. It should be noted that the marginal value
product of the tomato cropping limit, which remains constant between
any two consecutive plans, decreases from one critical plan to the
next. Hence a '"stepped'" marginal value product curve is obtained in
figure 3.2, rather than the smooth curves which are encountered in
textbook presentations of production theory. Both curves, however,

obey the law of diminishing returns to a variable factor.

3.9.5 Supplementary, complementary and competitive relationships

within the parametric solution

supplementary, complementary zsnd competitive relationships
between activities are reflected in the final simplex tableau.gg/
Two activities with positive coefficients in the same row of the
matrix require the same resource and zre competitive with respect to
that resource. If one activity has a positive coefficient and another
has a zero entry in the same row, (or one with a zero and one with a

negative coefficient, or both with negative coefficients in the same

row), the activities will be supplementary with respect to the resource

=
in that the level of one activity will have no effect on the level of

the other. Where one activity has a positive coefficient and the other

a negative coefficient in the same row, the activities are complementary. d

This is a2 one way relationship, however, since the level of the activity
with the positive cocefficient can be increased by increases in the level

of the activity with the negative coefficient, but not vice versa.

22. Heady and Candler, op.cit., pp.214-215. i



Table 3.21

The Parametric colution - Value of

Scarce Resources (%)

Resource Initial First Second Third Fourth Fifth Sixth
Solution Critical Critical Critical Critical Critical Critical
Flan Flan Flan Flan Flan Plan
Freehold land:
November 418.20 118.20 418,20 418,20 418.20 418.20 418.20
December 37.89 35.97 36,01 26.09 36.29 1.96 1.96
Leased land:
December 456.09 h31.72 h32.26 433,27 435.72 - =
January - April - 22.45 21.96 21.02 18.76 420.16 420.16
Labour:
May2 - 5.46 18.62 19.03 22.2h
June4 - - 2.86 2.86 2.86 2.86 -
December , 22 1.47 1.46 1.45 1.43 5.83 5.83
Cropping Limits:
cucumber 896.29 896.36 896,36 896.36 896.35 897.67 897.67
cucumber (P11) 254,07 251.48 251.54 251.65 251.91 205.69 205.69
tomato 3269.,35 3255.91 %196.15 2690.21 1469, 84 1192.09 953.58
lettuce (FP4) 485,60 485.60 - - - - 485,60
rhubarb 785.57 786.3 670.55 Lok, 03 = - =
Soleil d'Ors 107.36 109.28 109.24 - = - -
carrot 2h3, 3L 23%6.40 23%6.55 236,84 23753 11342 113,42
cauliflower (P13) 13.09 - - - - - -
glasshouse cucumber Lok, 12 458,58 488,70 488.93 489 .49 390,46 390,46
Shadow prices of
onitted crops:
P8 : lettuce 103.45 113.84 11361 113.18 112,14 297.87 297.87
P7? : Soleil d'Ors - - - - 263.50 237 .24 301.58
P13 : cauliflower - - - - - 234.19 234,22

Note:

Once the tomato cropping limit reaches 6.49 acres it ceases
becomes zero, since any further relaxation of the restraint will be allocated to disposal.

to be effective and its shadow price

(9]
N
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Thus any two activities may be complementary, supplementary and
competitive to each other with respect to different resources. The
effective relationship, which will depend upon the relative scarcity
of resources, is immediately apparent from figure 3.2. Here, if two
activity curves both have positive slopes, the activities will be
effectively complementary over the relevant range of the tomato cropping
limit. Likewise, two activities will be effectively supplementary if
one curve has a positive slope and the other a zero slope, and fipally
two sectivities will be effectively competitive if one curve has a
positive slope and the other a negative slope.éé/

With reference to figure 3.2 and table 3.21, it can be seen that
ss the tomato cropping limit is increased above five acres, the tomato
activity is competitive with cauliflower (F1 and P13) and pumpkin (F5),
complementary with respect to pumpkin (P10) and supplementary with
respect to all other real activities in the basis. This process continues
until the tomato cropping limit reaches 5.59 acres, when all leased land

is used from January to April (in table 3.26 this resource is seen to be

tfree' in the initial solution, but "scarce" in the first critical plan)e

The tomato activity then becomes complementary with respect to

cauliflower (I1) and pumpkin (P10) and competitive with the pumpkin (F5)

235 The ratio of the slopes of these curves will measure the marginal
rate of substitution between the two activities. (Heady and
Candler, op.cit., p.242). For example, the marginal rate of
substitution of tomato (P3) for cauliflower (P1), between tomato
cropping limits of 5.00 and 5.59 acres, is given as:

M.R.S. = slope of F1 curve
F3 for P1 slope of F3 curve

Since the marginal rate of substitution is negative, the two
activities must be effectively competitive.
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and cauliflower (P13) activities. The next resource to become scarce
is June1 labour, the entire supply being utilised once the tomato
cropping limit reaches 6.28 acres. When the tomato cropping limit
reaches 6.29 acres, May2 labour becomes scarce and the third critical
vlan is obtained. Similarly, the fourth and fifth plans are obtained
when the Soleil d'COrs and cauliflower (P13) activities, respectively,
leave the basis, znd the sixth critical plan is obtained when the

lettuce (r4) crop maximum restraint becomes effective.

3.10 Ldoption by the Grower of a Linear Frogramme Solution

5.10%1 Intrcduction

Lfter each of the seven linear programme solutions had been
discussed with the grower and compared with his own plan, the grower
considered the second critical plan (with 6.28 acres of the tomato
activity) to be the most attractive and said that he would be prepared
to put this plan into operation in the coming season. He gave two main
reasons for choosing this plan rathesr than any other. Firstly, pre-tax
farm profits were over $4,800 above those from his own plan, (which
represents an increase in pre-tax profits of almost 45 percent), and
secendly, since the grower did not want to reduce his planting of
Soleil d'Ors, the fourth, fifth and sixth critical plans (which exclude
this activity) were unacceptable.

Although the second and third critical plans are almost identical
(pre-tax profits from the latter are only $31 above those of the former
plan) the grower chose the second critical plan since some labour is

left in disposal during May,, whereas this resource is fully employed
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in the third critical plan.
The remainder of section 3.10 will discuss the =dopted plan in
detail, and further comments made by the grower on the linear programming

solutions will be given in section 3.12.

5.10.2 Comparison of the adopted plan with the grower's plan

F:00:2%7 Comparison of activity levels

Tahle 3.22 gives the level of all real activities in the adopted
plan and the months over which they occupy the land, and a comparison
of activity levels and farm profits between the adopted plan and the

grower's plan is provided by table 3.23.

Table 3.22 The Adopted Cropping Programme
Activity Land Use Activity Level

In leased land:

F1 : cauliflower Septem‘oer1 - December2 2.51 acres
P2 : cucumber November1 - .a.pril2 2.00 acres
F3 : tomato September, - July, 6.28 acres
Pt : lettuce June, - October, 1.50 acres
F5 : pumpkin November1 - ;Lpril2 0.72 acre

In freehold land:

P6 : rhubarb perennial 1.00 acre
P7 : Soleil d'Ors | perennial 0.67 acre
P9 : carrot June2 - December2 0.50 acre
F10 : pumpkin Novem‘oer1 - April2 1.05 acres
P11 : cucumber December1 - April2 0.50 acre
F12 : cabbage August1 - Novemberz 0.50 zcre
P13 : cauliflower May1 - December2 0.29 acre
P14 : glasshouse 825 plants

cucumber I

Farm profit (pre tax) : $15,543.81




Table 3.23 Comparison of ALctivity Levels and Farm Profits Between

the idopted and the Crower's Ilan

Activity Adopted ilan Grower's Flan Difference
P1 : cauliflower 2.51 acres 2.00 acres + 0.51
F2 : cucumber 2.00 acres 2.50 scres - 0.50
P3 : tomatoe 6.28 acres 5,00 acres + 1.28
P4t :+ lettuce 150 acres 1.00 acre + 0,50
P : pumpkin 0.72 acre 1,50 acres - 0.78
P6 : rhubarb 1.00 acre 1.00 acre -
P7 : 5oleil d'Ors 0.67 acre 0.67 acre =
F9 : carrot 0.50 acre - + 0.50
P10 : pumpkin 1.05 acres 2.33 acres - 1.28
P11 : cucumber 0.50 acre - # 0,50
F12 : cabbage 0.50 acre - + 0.5
F13%3 : cauliflower 0,29 =zcre - ¥+ 0.29
P14 : glasshouse 825 plants 825 plants -
cucumber
Farm Profit (pre tax) $15,543,.81 $10,736.86 + 34,806.95

Of those crops grown on leased land, cauliflower, tomato and
lettuce are included in the adopted plan at levels exceeding those in
the grower's plan. Both cucumber and pumpkin, however, are included in
the former plan at a lower level than in the grower's plan. Whereas
the grower's plan included only rhubarb, Soleil d'Ors and pumpkin on
freehold land, the adopted plan also contains the carrot, cucumber,
cabbage and cauliflower asctivities. Rhubarb and Scoleil d'Ors are at
the same (maximum) level in both plans, although the acreage of pumpkin

(P10) is considerably below that in the grower's plan.
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Both plans include the maximum 2.50 acres of cucumbers, althcugh
rumpkin acreages have been reduced from 3.83 acres in the grower's plan
to 1.77 acres in the proposed plan. The glasshouse cucumber activity

is included in both plans at the maximum level.

371022 Comparison of profits

By adopting the second critical plan in place of his earlier-
proposed plan, the grower can expect his pre-tax farm profits to
increase by over 54,800, or to almost 45 percent above the level of

pre~-tax profits from his own plan.

3:10:243 Comparison of resource requirements

The land requirements of both plans are compared in table 3.24
and the labour reguirements are shown in table 3.25.

The adopted plan makes greater use of the land resources than
does the grower's plan, using less freehold land during January - April
only, and less leased land only in November. Whereas the reguirement
of the grower's plan for freehold land is at a minimum from May until
the end of October, the adopted plan makes greater use of the land
over each of these months due to the inclusion of some winter and
spring crops (namely cauliflower (F13), carrot and cabbage).

Both plans make full use of the leased land from December until
the end of April. The adopted plan has a greater requirement for
leased land during every other month with the exception of November,
due to increased plantings of tomato, cauliflower (P1) and lettuce (Fh).

The adopted plan requires more labour than does the grower's
plan during each half-month period with the exception of Mayq. The
increased labour requirement from January until the end of May is due

almost entirely to the high labour requirements of the tomato activity
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Table 3.24 Land Requirements of the Adopted and the

Grower's Flan (acres)

Resource Resource | .dopted Grower's Difference
Supply Flan Flan

Kequirement |Requirement

Freehold land:

September - Cctober 4.00 2.96 1:67 + 1.29
November L.00 L.00 4,00 -
December 4,00 4,00 4,00 -
January - April 4,00 Ze22 4.00 - 0.78

May - June, L.00 1.96 1467 + 0.29
June, - July 4,00 2.46 1467 + 0.79
august L,00 2.96 1407 + 129 |

Leased land:

September - October 9.00 5,02 4,00 + 1.02
November 9.00 7.74 8.00 - 0.26
December1 9.00 9.00 9.00 -
December ., 2.00 2.00 9.00 -
danuary - April 9.00 Q.00 J.00 -
May 3.00 6.28 5.00 + 1.28
June - July 9.00 5.90 4,50 + 1.40
August 9.00 150 100 + 0.50

over this period, and the increased labour requirements over the remainder
of the year are a result of the increased levels of cauliflower (P1) and
lettuce (P4), and the inclusion of other winter and spring crops (cauli-
flower (¥13), carrot and cabbage) in the adopted plan. In all, the

adopted plan requires that 76 percent of the total labour supply be



Table 3.25

10)

Labour Regquirements of the Adopted and the

Grower's Flan (hours)

y

Labour Labour Adopted Flan Grower's Flan Difference
Resource cupply Requirement Requirement
January , 362.00 322.27 279.73 + h42.54
January, 544,00 408.97 337.25 + 71.72
February, 706,00 676.35 565.25 + 111.10
February2 706.00 686.31 586.75 + 99.56
March, 795.00 | 677.92 563.75 + 114.17
March, 795.00 | 635.9% 524,75 + 111.19
April, 795.00 599.49 480.43 + 119.06
April, 795.00 664 .83 583.42 + 71.41
May , 795.00 507 .51 549.60 - k2,09
May 633,00 632.21 513.40 + 118.81
Jun;1 427.00 | 427.00 %15.30 + 111.70
June 427.00 50.91 43.02 + 7.89
July; 329.00 313.56 266.68 + 46.88
July, 329.00 212.46 191.78 + 20.68
August1 329.00 | 136.46 128.18 + 8.28
August, 329.00 75.28 7932 + L.16
September, 329.00 318.72 197.71 + 121.01
September,, 2329.00 175.09 145.96 + 29.13
October, 427.00 315.21 259.96 + 55.25
October, L27.00 282.59 206.50 + 76.09
November 492,00 230.44 200.12 + 30.32
November2 492,00 273.81 193.50 + 80.31
December, Lgz2,00 492.00 387.62 + 104,38
December2 422,00 365.87 292.64 + 73.23
Total 12,506,00 9,481.20 7,894, 42 + 1,586.78
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employed on the production and harvesting of crops, compared with only

65 percent in the grower's plan.

3.10.3 Stability of the adopted plan

Table 2.26 contains the gross msrgin limits for all basic real
activities, as well zs the gross margin below which the non-basic real
activity cannct be profitably included in the basis. Frouw these limits,
the price and yieldhlimits are derived and set out in tables 3.27 and
3.28 respectively.g_/(Neither rhubarb nor Scleil d'Ors appear in table
%.28 since yields from these crops increase from year to year. However,

as prices for these activities were assumed to remain constant from year

to year, the price limits could be calculated).

36105l Stable components of the plan

Eight of the thirteen real activities in the soluticn can be
considered stable components of the plan as far as likely price and
yield deviations from the estimated levels are concerned. Of these
activities, the most stsble are tomato, lettuce (P4) and glasshouse
cucumber. Both cucumber activities are relatively insensitive to price
and yield fluctuations since prices are fixed under contract, and
Yields can be expected between 5.0 and 15.5 tons per acre on leased
land, and above 9.5 tons per acre on freehold land. The rhubarb,

Soleil d'Ors and carrot activities are insensitive to any upward price

2k,  The price limits are calculated on the assumption that yields
remain constant, and the yield limits are calculated on the
assumption that prices remain constant:

i.e. gross margin limit + variable costs = yield limit
Price
and gross margin limit & variable costs = price limit

yield
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Table 3.26 Gross Margin Stability Limits (%) -

Adopted Plan

activity Unit Lower Gross Upper
Limit Margin Linmit
in Flan
Basic activities:
P1 : cauliflower 1 acre 144, 54 576.80 598.76
F2 : cucumber 1 acre E L65.16 1361.52 1613%.06
P3 tomato 1 acre 374,66 3570.80 infinity
Pl lettuce 1 acre 0 485.60 3296.49
5 pumpkin 1 acre 443,65 465.60 1361.96
o) rhubarb 1 acre | 576.61 1247.15 infinity
PY7 Soleil d4'Crs 1 acre E Lsh, 21 563.45 infinity
P9 carrot 1 acre L 506.77 743,32 infinity
P10 : pumpkin 1 acre t Lk, 19 : 4L65.60 L78.41
P11 cucumber 1 acre | 958.65 | 1210.19 infinity
P12 : cabbage 1 acre | 166.66 | L18.20 45k, 219
P13 : cauliflower 1 acre 530.75 543.56 775.84
P14 : glasshouse 825 plants 32.85 521..5% infinity
cucumber
Non-basic activity:
P8 : 1lettuce 1 acre 413.60 527 .21

fluctuations and it is reasonable to expect the prices of these activit-
ies to be at least $1.03 per case, $0.16 per dozen flowers and $1.11

per case respectively.
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Table 3.27 Price Limits ($) - Adeopted Flan
Activity Lower Frice Frice in Plan Upper Frice
Limit | Limit

Basic activities:

F1 : cauliflower 0.43 1.20 per case 1.24
F2 : cucumber 41,19 109.10 per ton 128.16
P3 : tomato 0.28 1.39 per case | infinity
P4 : lettuce 0 1.06 per case 574
PS : pumpkin 6.13 £.40 per sack 17.60
P6 : rhubarb 1.03 1.96 per case infinity
P7 : Joleil 4'Ors 0.16 | 0.21 per dozen | infinity
P9 : carrot T T 1.58 per case infinity
P10 : pumpkin £.01 | 0.40 per sack 5456
P11 : cucumber 87.96 | 109.10 per ton infinity
P12 : cabbage 0.38 0.80 per case 0.86
P13 : cauliflower 112 1.14 per case 1455
F14 : glasshouse 0.03 0.11 per fruit | infinity
cucumber

Non-basic activity:

P8 : 1lettuce 0.94 per case 113

s L T Unstable components of the plan

The five remaining real activities are unstable in that the price
or yield deviations from those originally estimated, necessary to cause
a change in the basis, are quite likely to occur.

Cauliflower (P1) and cabbage are sensitive to upward price and
yield fluctuations only, since the lower limits would not normally be

expected.
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Pumpkin (P5) and cauliflower (F13) are sensitive only to downward
price and yield movements, whereas pumpkin (FP10) is the most unstable
component of the plan, its present level becoming sub-optimal for small

price and yield changes in either direction.

Table 3.28 Yield Limits - ‘dopted Flan
Activity Lower Yield in Flan Upper
Yield Yield
Limit Limit
Basic activities:
P1 : cauliflower 203.78 564 cases/acre 582.3
P2 : cucumber 540 13.2 tons/acre | 1965
F3 : tomato 580.6 2880 cases/acre | infinity
P4 : lettuce 0 600 cases/acre l 3251.8
F5 : pumpkin 76.6 80 sacks/acre ! 22041
F9 : carrot 354.3 504 cases/acre ] infinity
P10 : pumpkin 7541 80 sacks/acre 82.0
P11 : cucumber 3.6 11.9 tons/acre infinity
F12 : cabbage 285,.6 600 cases/acre 6L45.0
P13 : cauliflower 552.8 564 cases/acre 767.8
F14 : glasshouse 158 7 fruit/plant infinity
cucumber
Non-basic activity:
P8 : lettuce 600 cases/acre 720.9
5eT102303 Crop which may become profitable

Lettuce (P8) may be profitably included in the basis should its
price rise above 31.13 per case, or its yield rise above 721 cases per

acre. Only the price increase, however, is likely to occur.



3.10.4

Unused resources

3.10.4.1 Land

The levels of all land disposal activities in the basis are given

in table 3.29, with the level of disposal being equal to the supply of a

resource less the plans reg
in disposal during every mo
December, and at least one

crop from May until Cctober

uirement for

nth with the

acre of this

that resource.

Freehold land is

exception of Nevember and

land may be sown with a green-

« It would then be possible for all four

acres of freehold land tc be sown into greencrop once in every four

years, which should be sufficient to maintain soil structure and

fertility =2t an adequate le

vel.

Table 3.29 Land in Disposal =~ ~dopted Ilan
Disposal Activity Level in Flan (acres)
Freehold land:
September - QOctober 1.04
January - April 0.78
May - June 2.04
1 |
June2 - July i 1450
August i 1.04
Leased land:
September - October 3.98
November 1.26
December2 O
May 2.72
June - July 3711
August 750
Note: The solution is degenerate in that even although all leased land

is planted during De
resource would be al

See Gass, Saul I.,
Inc., 1958, pp.39 an

cember
locate

, any additions to the supply of this
é to disposal since the December_leased
land disposal activity is included in the basis at a zero

"Linear Frogramming',
d 46.

fevel.
McGraw-Hill Book Company,
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Almost four acres of leased land are left fallow during September
and Cctober, and over one acre remains fallow during November. By May,
the cucumber (F2) and pumpkin (P5) crops have been harvested, leaving
2.72 acres in fallow and leased land disposal then increases during
June, July and August over which time the tomato plantings are gradually

removed.
3.10.4.2 Labour

The levels of all labour disposal activities in the basis are
given in table 3.30, which indicates that labour is in disposal during
each period with the exception of June,I and December1. However, February,
Maya, July1 and weptember,l are pericds during which the labour supply is

utilised almost to capacity.

Table 3.30 Labour in Disposal - Adopted Flan
Month Disposal Level (hours)
First half-month | Second half-month

January 39.73 135,03
February 29.65 19.69
March 117.08 159.06
April 195.51 } 130.17
May 287.49 0.79
June - | 376.08
July 15,44 E 116.54
August 192.54 253,72
September 10.28 153.91
October 111.79 144 .41
Nowvember 261.56 218.19
December - 56.13
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B 10 e Overhead labour

When the labour restraints were discussed in section 3.3.L4, it
was mentioned that the labour requirements of work of an overhead natUregi/
had not been taken into account and that no provision had been made to
ensure that labour was available for this work. It was zlso assumed
that holidays would be taken during slack months.

It would have been necessary to ensure that sufficient labour
was in disposal to satisfy the requirements of overhead work and
holidays, had the grower considered the labour in disposal to be in-
adequate for these requirements. The total labour in disposal, however,

amounted to 24 percent of the available supply, this being considered

ample for all overhead and holiday reguirements.

3.10.4,2.2 Replanting perennial crops

The input-output coefficients for labour of the twe perennial
2
crops do not include any planting requirement.;é/The labour reguirements
for any replanting of perennials must, then, be taken from labour in
disposal.
The adopted plan requires that half an acre of rhubarb be planted
since the existing bed is only half an acre in area. .Also, since half

the Soleil d'Ors planting is seven years old and due for replacement,

one-third of an acre must be removed and replanted.

25. Overhead labour is required for such tasks as the repair and
maintenance of machinery, buildings and glasshouse, repairing
cases, cutting hedges, purchasing supplies and supervising
labour.

26. See section 3.6.3.When the intertemporal programming model of
Chapter 4 was being constructed, it became obvious to the author
that an intertemporal model could easily have been constructed
to handle the problems posed by the perennial crops of the
present model,




98

It was estimated that 14 hours of labour would be regyuired in
November to replant half an acre of rhubarb, 70 hours would be needed
during Cctober and November to plough out and clean the seven-year-old
Soleil d'Ors bulbs and a further 20 hours would be regquired cver the
second half of January to prepare the land and plant one-third of an
acre with the Soleil d'Urs activity.

There would appear to be ample labour in disposal to supply these
replanting requirements. (If insufficient labour should have been in
disposal, the grower considered that he could still "make do", for
example by working overtime, since replanting occurs only every fifth

year for rhubarb and every seventh year for Soleil d'Ors.

321045 Value of resources

The wvalues imputed to the scarce resocurces of the adopted plan

will not be discussed here, since these values are given in table 3.21.

%11 Increased Profits and Taxation

Thus far, the impact of taxaticn on increased farm profits has
not been considered. Although the grower adopted a plan which increased
pre-tax income by 45 percent without examining the taxation implications
of this increase (since the increase in tax-free profits would appear to
be considerable), it would not have been unreasonable for him to enguire
as to what proportion of the increased earnings will be paid in tax.

The first row of table 3.31 gives net farm profits from each

27/
plan. Since these profits are net of all tax-deductible expenditures,

27. These include all normal farm expenses such as the variable cost
components of the activity gross margins. Overhead costs (such as
depreciation, repairs and maintenance, and labour costs) are also
deductible. éSee "Farmers' Tax Guide'", Inland Revenue Department,
September 1966).




they represent taxable fagm inceme. Social security and income tax

2
payments were calculated:—/and by comparing each plan with the grower's
plan, the increase in tax payments could be expressed as a percentage
of the increase in pre-tax income.

For each of the seven linear programme csolutions, about two-
thirds of any extra profit oblained is paid out as tax =znd only one-
third of the increased profits is retained by the grower. The present
taxation system may therefore provide a reszson for the non-adoption of
the linear programme results, but only if a grower thought that the
increase in tax-free profits was not sufficient reward for any extra
labour and managerial input involved.

Even after allowing for the effects of taxation, the second
critical plan which was adopted by the grower should see his tax-free
farm profits increase by over 24 percent (zs compared with the 45 per-
cent increase in pre-tax profits), which means an increase in tax-free

income of %1,562.

28. Tax calculations were made from the Inland Revenue Department's
provisional tax tables accompanying the 1967 I.R.3 return.
Income tax exemptions applicable are:

Personal exemption $936
Life insurance $120
Dependent wife $312
Two dependent children $312
Total income tax exemptions $1680

MASSEY UNIVERSITY
LIBRARY



Table 3,31

Impact of Taxation on Increased Profits

LIN&AR PROGRAMME SOLUTIGNS
Grower's Initial First second " Third Fourth Fifth Sixth
Proposed Solution Critical Critical Critical |[Critical Critical Critical
Plan Flan Flan Flan Flan Flan Flan
Net pre-tax profit , i
(%) 10,736.86 | 11,368.72| 13,297.54|| 15,543.81| 15,575.01115,970.19 | 15,998.95| 16,021.06
|
Social security *
and income tax ($) | 4,318.79 4,745.29| 6,047.25| 7,563.49| 7,584.55] 7,851.28 7,870.70| 7,885.63
Tax-free profits
($) | 6,418.07 6,623.431 7,250.29| 7,980.32|| 7,990.46| 8,118.91 8,128.25| 8,125.43
Increase in pre- B .
tax profits (%) 631.86| 2,560.68] 4,806.95| 4,838.15( 5,233.33 5,262.09| 5,284.20
Increase in tax )
payments ($) 426.50| 1,728.46) 3,244.70) 3,265.76| 3,532.49 3,551.91| 3,566.84
Extra tax as % ) ]
extra profits 67.5 6745 67.5 67.5 67.5 €7.5 67.5
% increase in
pre-tax profits 5.9 23.8 44,8 L5,1 L8.7 Lg,.0 L4g.2
% increase in )
tax-free profits e 1%.0 2.3 2h.5 26.5 26.6 26.8

ool
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2a12 Grower's Comments on the Programming Solutions

5: 1241 Physical plans

When presented with the seven linear programme solutions the
grower believed each plan to be feasible, although he stated that the
exclusion of Soleil d'Ors from the last three cropping programmes made
these plans unattractive to him. He thought the first four solutions,
though, to be 'sound and sensible' cropping programmes.

The grower was interested to see the carrot and cabbage activities
included up to the limit in all plans, and appeared to place preference
on plans which provided additional winter employment for his permanent
staff. The inclusion of a greater acreage of the cauliflower crops in
the computed plans than in the grower's proposed vlan met with his
approval since this would also provide additional winter work.

Although the grower had proposed to plant all 2.5 acres of cucumber
on leased land, he was not concerned that only two acres of cucumber should
be grown on leased land, and 0.5 acres on freehold land in each of the
optimum plans.

One aspect of all the recommended plans which gave the grower a
little concern was the large reduction in the acreage of the pumpkin
activities from that in his own plan. He would prefer a larger acreage
cf this crop since it can be stored and sold during the winter months,
this having the effect of evening-out his income during the year.

After further discussion, however, the grower stated that this was not
a really important requirement and he saw more sense in the optimum
plans which provide 8 greater level of profits than his own plan,

although income receipts may be unevenly distributed over the year.
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The grower had placed a limit of 1.5 acres on the lettuce (Ph)
activity, but once he found this crop had been included in all plans
at, or almost up to, the limit, he said that a cauliflower cror on the
leased land may be a more suitable crop for the time of year, since
lettuce was a very risky crop to establish and slow to make growth
during the winter months. Although he was uncertazin of the best course
to follow, he suggested that he may reduce the lettuce (F4) crop to 0.75
acre, with a further 0.75 acre planted in spring cauliflower. (Such
modifications to the computed plans are discussed further in the follow-

ing sections).

kT oy Resource disposal levels

The grower realised the importance of the land and labour disposal
information t2 his management. He thought the data relsting to labeur in
disposal would be most useful in identifying those periods in which labour
was likely to be in over-supply so that he could organise Jjobs of an
overhead nature to coincide with these periods and therefore make better
use of his labour supply snd aveid labour "bottlenecks'". The grower also
believed that the labour dispossl figures would be waluable when deciding
on the timing of holidays, it being fortunate that August, the month
during which he prefers to take his helidays, has one of the nighest
levels of labour disposal for each of the optimum plans.

The grower azlsoc believed that much useful information could be
gained by studying the land and labour disposal tables of an optimum
plan together. These tables would give him an idea as to what quantity
of the various land and labour resources were left unused during each
month of the year, and he could then perhaps think of further production

activities which would take up some of the 'slack' in resource use. For
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example, he thought it may be possible tc cultivate one acre of cabbage
which would occupy the leased land from mid-September to mid-November,
being harvested in time for the third tomazto crop to be planted in
December1. also, although he had ststed earlier that leased land was
not as suitable for winter crops as his own land, he believed that
cauliflower could be grown on leased land zfter the tomatoc crops were
finished, =zlthough the heavy requirement for Eeptember1 labour in all
plans could prove to be a limiting factoer.

Although some freehold land was left in disposzl in all plans,
the grower decided that it would be wisest to either leave this land
fallow or plant it with a greencrop. OShould sufficient freehold land
be in disposal during the right months, however, he could transfer some
at least of the lettuce (F4) planting from the leased land to the more
suitable freehold land. (This ccxment was made with reference to the
adopted plan in which at least 1.04 acres of freehold land =zre unused
from June until Cctober when this lettuce activity occupies the land.
The grower said he could plant one acre of lettuce in the freehold land,
leaving the remaining half acre of this activity on the leased land).

New activities were not considered for further programming since
the grower was quite satisfied with the production possibilities already
defined and menticned that new activities would probably only be decided
upon as the season progressed. He thought it best to leave the plans
with some 'slack' in resource use since & cropping programme could easily

be disrupted or delayed due to unforseen circumstances such as unsuitable

weather.

3.,12.3 Shadow prices

The grower showed great interest in the marginal value products

of the scarce resources and their interpretation. The crop maxima
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shadow prices of the initial soclution were discussed at some length with
the grower to point out the potential profit increases to be gained from
relaxing some of the limits which he had earlier imposed.

His interest focussed on the three highest shadew prices, those
of the tomate, rhubarb and totzl cucumber creopping limits, It was
already clear to him that tomato was his most profitable crcp but he
also considered the production costs and labour requirements of this
crop to be very high, so had limited the tomato activity to a maximum of
five acres. He was, however, keen to see what the plans with more
tomatoes 'looked like', whether or not labour did limit this expansicn,
and if so, how soon. Thus the parametric solution was derived.

The grower said that over the years he had gained the impression
that cucumber and rhubarb were his next most profitable crops, ss was
indicated by their shadow prices. When guestioned about the possibility
of growing more cucumbers the grower regplied that the processing firms
were prepared to offer the existing prices for further contracts which
could be obtained with no trouble at all. However, he expressed no
desire to cultivate more than the present 2.5 acres of cucumbers since
he considered them to be an "unpleasant crop to work with". In fact
the grower said that he would always consider increasing profits by
extending his tomato planting rather than the cucumber crop.

The relatively high shadow price imputed to the rhubarb cropping
limit further strengthened the grower's desire to increase the acreage
of this crop. Illowever, as he had doubled the size of the rhubarb crop
(from half to one acre) only recently, he planned to wait for perhaps
two years for the latest planting to become established before increasing
the acreage of this crop further. Cne advantage the grower saw in extend-

ing the rhubarb acreage was that it would provide further work during the
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winter months when labour disposal generally is greatest.

3.12.4 Further comments on the sdopted plan

The grower expected the second critical plan, which shows an
increase of 34,175 on pre-tax profits from the initial solution, to be
much more sensitive to price changes than the initial plan. Comparing

the gross margin limits of these plans, however, shows the second

critical plan to be just as stable, if not more so, than the initial
solution. Thus, it was a most rewarding discovery that profits could
be increased substantizlly without increasing the sensitivity of the
plan to unforeseen changes in prices or yields.

The labour disposal levels for the adopted plan show that it would
probably not be possible to include an acre of cabbage on the leased land
between mid-September and mid-November as hzd earlier been suggested by
the grower, due to the heavy labour reguirement of the tomato activity.
However, he was seriously thinking of transferring part of the lettuce
(P4) crop to his own land and planting a cauliflower crop on the leased
land, should sufficient labour be available.

The grower believed that his present labour force would be
sufficient to zllow the operation of the zdopted plan to flow smoothly
with no labour bottlenecks. The author pointed out that such bottle-
necks may occur (due, for example, to an exceptionally heavy tomato
crop) since the level of labour disposal is less than 40 hours per week
in eight half month periods (see table 3.30). This did not worry the
grower, who stated that labour in the district was easy to obtain at the
present time and he expected this situation to continue. He also

mentioned that the ease of obtaining extra casual labour may lead him

to actually include the early cabbage planting on the leased land, as
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well as a cauliflower planting on the same land following the tomatoes.
He said that he would leave the cropping programme as computed, though,
and would not decide on any additional crops until the time of planting
was approached. This means he can sce 'how the plan is actually working'

and whether or not unavecidable delays or interruptions have occurred.



CHAPTER &L

INVESTMENT IN PERENNIAL CROPS - A CAPITAL

BUDGETING, INTERTEMPOHAL LINEAR PROGRAMME

L Introduction

Vv

4ela1 The reascon for an intertemporal approach

To illustrate the use of linear programming in formulating
cropping programmes for process veretable growers, contact was made
with a Heretaunga Plains farmer. The farmer outlined his crop contracts
for the coming season and emphasized that he had very little choice in
determining his cropping programme. Nevertheless, a linear programme
model was constructed and solved, the solution being very similar to
the grower's plan simply because the acreape of most crops had been set
under contract with the processing company.

The grower explained that he was more concerned, not with trying
to alter the present season's cropping programme, but in budgeting his
funds over future years to enable him to make new plantings of perennial
crops, such as apples and asparagus, and to gradually phase out some of
the contract vegetable crops.

It then became apparent that the farmer would obtain more benefit

from a study which gave the optimum development programme, rather than

T« Intertemporal problems are those concerned with the allocation of
resources, such as available funds, over several periods of time.
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the one-season linear programme which had already been solved.

Thus an intertemporal, capital budgeting linear programme was
constructed to obtain the optimum farm development vrogramme.

L development period, or planning horizon, of six years was
chosen, beginning in the Spring of 1968. Data for the model was

collected during late 1967 - early 1968,

bo1.2 Brief review of intertemporal programming in farm management

Technicues commonly used to obtain solutions to capital budgeting,
farm development problems include computing the present value of the
expected flow of future net returns, the internal rate of return from
that flow, or the minimum payback period for the relevant investment

2/
alternatives.

The use of such techniques is limited, however, since many types
of agricultural investments are interdependent, or they may have
multiple uses so that difficulty is experienced in determining net
revenue flows. Linezr programming was then employed to handle problems
such as interdependence between, and multiple uses of, investment
activities. Such applications were generally designed to maximise the

Y
present value of future incomes over some planning period.

3/

Candler then suggested that it would be eguivalent but simpler to build

a model which would maximise income at the end of the planning period,

2e Gunn, H.J. and Hardaker, J.B., "Long-term Farm Planning - A Re-
examination of Principles and Methods'", Journal of Agricultural
Economics, vol.18, pp.271-278, 1967.

3. Loftsgard, lLaurel D., and Heady, Earl O,, "Application of Dynamic
Programming lModels for Cptimum Farm and Home Flans', Journal of
Farm Economics, vol.41, pp.51-62, 1959.

L, Dean, Gerald W., and Le Benedictis, iichele, "4 llodel of Economic
Development for Peasant Farms in Southern Italy", Journal of
Farm Economics, vol.46, pp.295-312, 196k4.

Se Candler, Wilfred, "Reflections on 'Dynamic Programming Models'",
Journal of Farm Economics, vol.42, pp.920-926, 1960.
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including the return from an investment activity which would use surplus
cash. Such a model would therefore reduce the chance of logical or
transcription errors occuring, since it would not be necessary to
discount all future costs and revenues to the beginning of the develop-
ment period.

4 model which maximised the net worth of the farm business over
a planning period, rather than the present value of some expected income
stream, was proposed by Cocksggnd his model was developed as a special
case of the Hicksian discounting model of multi-period optimisation.

The intertemporal model of the present chapter is based upon that
proposed by Candler in which the farm firm's overall objective function
to be meximised is a weighted sum of net tax-free cash available to the
firm at the end of the planning period and ghe value of assets owned by
the firm at the end of the planning period.—/

Present day attempts to make intertemporal programming models
more closely related to real-life situations include the treatment of
indivisibilities in investment opportunities as integer programming

Y 19/

problems, and the incorporation of price and cost variability into

11/

a guadratic capital budgeting programme.

6. Cocks, K.D., "Capital Accumulation and Hicksian Models", Farm
Leonomist, vol.10, pp.458-465, 1965,

7o Personal communication.

8. Two further components of a firm's objective function suggested by
Candler are the maximisation of dividends paid to shareholders and
the minimisation of the probability of financial collapse of the
firm during the planning period.

9. Weinpgartner, Martin H., "Mathematical Programming and the Analysis
of Capital Budgeting Problems", Prentice-Hall, Inc., Englewood
Cliffs, New Jersey, 1963,

10. Colyer, Dale, "A Capital Budgeting, Mixed Integer, Temporal
Programming lodel", Canadian Journal of Apricultural Lconomics,
vol.16, pp.1-7, 1968.

11. Candler, personal communication.
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Lele3 An outline of the intertemporal programming matrix

The basic matrix for the intertemporal linear programme is similar
to a block-diagonal matrix, with resources and activities repeated for
each year of the development period.

A schematic representation of the matrix is given in table 4.1.
The sub-matrices a to f are somewhat similar, although not identical,
and give the matrix its block-diagonal appearance, Activities of one
year may also require resources in later years. ror example, sub-matrix
£, contains the requirements of first-year activities for resources in
the second year. That is, an apple activity, say, planted in year 1,
will require resources and supply cash in later years. Likewise, sub-
matrix j contains the requirements of activities initiated in year 2
for resocurces in year 3.

The prices (cj values) attached to all =activities are zero with
the exception of the final cash a2nd final assets activities, which have
prices (or weishts) of A1 and Aa respectively.

Sub-matrices a, g and h are presented in Appendix A.3, tables
A.6, A.7 and 4.8, and construction of the matrix in general is discussed

in subseguent sections.

L,2 Description of the Holding

b,2.1 Location and size

The holding is situated on the Heretaunga Plains, between Napier
and Hastings. It comprises four separate properties with a total area

of 192.5 acres.




Table .1

Schematic Representation of the Basic Matrix

0!0.

sl )\1 )\2
Restraints Year 1 Year 2 Year 3% Year U Year 5 Year 6 Final |Final
fetivities |Activities |Activities |Activities |Activities [Activities Cash |Assets
Year 1 a
Year 2 B b
Year 3 g2 J c
Year 4 d
€3
Year 5 h,l e
Year 6 h2 f
Final cash +1
Final assets +1

LLL
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4,2.2 Present cropping practice

The contracts obtained by the grower over the past two years are
given in table 4.2. It can be noted that the contract for a given crop
can vary from one year to the next, and the grower mentioned that the
processing company could also change the contracts at any time during
the year. Thus, a plan computed at the beginning of a year may require

modification if some contracts are altered.

Table 4.2 Process Crop Contracts
Crop Contracts Contracts
1966/67 1967/68

Carrot 50 tons 60 tons
Potato 70 tons 70 tons
Asparagus 24 acres 24 acres
Beetroot 7 acres 7 acres
Broad bean 6 acres 5 acres
Green bean L2 acres 27 acres
Pea LO acres 19 acres
Peach 25 acres 25 acres
Tomato 24 acres 21 acres

In some years, it has been possible to double-crop peas and green
beans in the same land. During 1966/67, two acres of the green bean
contract were required by the processing company to be an early crop,
but it was possible to sow the remaining 40 acres of green beans in the

12/
land occupied by peas, once the latter crop had been harvested.

12 Double-cropping means that two crops are grown in the same land in
one year, which, in accordance with the definition of rotations
adopted in this chapter, can be referred to as a one-year rotation.
Thus a two-year rotation means that one year must separate plantings
of a given crop in the same land, a three-year rotation means that

two years must separate plantings of a given crop in the same lan
and %o on. P P - ERY8 P BRRS LA
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In 1967/68, however, the entire green bean contract was for an early
crop so that it was not possible to double-crop the pea land with green
beans. Also, the grower has been informed by the processing company
that the double-cropping of peas and green beans will not be possible
during 1968/69 the first year of the planninge periocd).

Good crop husbandry requires that a greencrop, comprising a rye-
corn-ryegrass mixture, be sown following the harvesting of beetroot,
green beans, peas and tomatoes. This greencrop is grazed with hoggets
over the winter months.

As well as the crops grown under contract to the processing
company, two crops for the fresh market and ryegrass for seed production
have been grown during the past two years. In 1966/67, these included
five acres of mangolds, six acres of ryegrass (for seed production)
which is also winter-grazed with hoggets, and 17 acres of kumaras.

(six acres of the kumaras crop were double-cropped with the broad bean
crop, with kumaras following broad beans in the same land). During the
1967/68 season, five acres of mangolds and 24 acres cf kumaras were
grown, with five acres of the kumara crop double-cropned with broad
beans.

Hew plantings of asparagus and apples have been made over recent
years and at present these comprise four acres of asparagus in its third
year (which is in addition to the 24 acres of established asparagus
described in section 4.2.3) and 30 acres of apples in their sixth year.,
These recent plantings will hereafter be referred to as the young

asparagus and young apple crops.

h,2.3 Future cropping practice

The grower intends to increase his asparagus planting to about

4O acres and sees no difficulty in expanding the contract. The existing



114

2k acres of old asparagus are in their 27th year and are continually
being removed and replaced with new plantings.

Concerning the tree crops, the grower intends to retain the peach

a

lanting at 25 acres or perhaps reduce it slightly. He believes apples
to be potentially the most profitable of all his crons and intends to

expand the planting to 2 maximum of 60 acres.

Le2e3.1 Treatment of the young anple and young asparagus crops in the

model

These crops have only recently been planted and will not be removed
over the six years of the development period. Hence it was not necessary
to include these crops as activities in the programmins model since they
will remain at a2 constant level over the planning period.

In order to correctly state the resource (for example, cash and
labour) reguirements and total revenue of any solution to the problem,
however, it was necessary to include the resource requirements and revenue

13/

contributions of these crops in the programming computations.

L,2.4 Intercropping

Five crops, carrot, potato, beetroot, kumara and mangold, may be
intercropped amongst one- or two-year-old apple plantings. A greencrop

would not be sown to follow intercropped beetroot, however.

ko245 Soil types

The soil type on two of the four properties is a clay loam. This
land has a fairly high water table and flooding may occur, the most

recent flooding being three years ago. The soil type of the two remaining

13. See sections 4.3.1, 4.3.2 and 4.3.6.3.
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properties is a well-drained sandy loam.

L.,2.6 Irrigation

Irrigation of all crops is necessary during the summer months,

especially those crops grown on the sandy loam soils.

[ Disease problems

One disease which is causing the grower some concern is Sclerotinia
and the incidence of this disease in tomato crops has been on the increase
each year. DBoth tomatoes and green beans were infected during the past
season. The grower expects problems in attempting to control Sclerotinia
by means of crop rotation since peas, green beans and tomatoes (which are
all hosts to the disease) form his largest contracts and insufficient
land would be available to rotate these crops with the smaller acreages
of beetroot, carrot, broad beans and mangolds which appear to be resistant

to Sclerotinia attack.

Thus one reason why the grower intends to replace some of his
annual vegetable crops with asparagus and apples is to help avoid future
problems with this disease.

i/

4.3 The Restraints

1{’-3.1 Laﬂd

The total area of the property is 192.5 acres of which 3.0 acres

4. The following notation for restraints, activities, resource supplies
and input-output coefficients will be used throughout the present
chapter:R

BN
P.
J’k th
bi = tﬁe supply of the i resource in year k;
£l =

_1'...16 H al.ld th
ajj,k= the per unit reguirement of the j activity for the

i*h restraint in year ki k = 1,¢64,60

the ithrestraint in year ki k = 1,.00046

the jthactivity in year ki XK = Jyienyb
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is taken up by buildings and wasteland and 34.0 acres are occupied by
the young anple and asparagus plantings, leaving a total of 155.5 acres
available to the cropping activities of the intertemporal programme.
However, 24.0 acres of this land are occupied by old asparagus and 25.0
acres are occupied by peaches, so only 106.5 acres are available for
either annual crops or new plantings of perennial crops at the beginning
of the development period.

The land restraints are given in table 4.3.

Table 4.3 Land Restraints
Restraint Resource Supply (acres)
(k = 1) (k:E,.--,E))
Rz,k : peach land 25.0 0
R3 K : asparagus land 24.0 0
3
R, , ¢ annual cropland 106.5 0
b
R5 ” : perennial cropland 0 C
]
Ré e H intercropped land 0 0
1
R? § 8 cropland transfer control 106.5 106.5
L]

The peach land and asparagus land restraints ensure that the
already-established peach and old asparagus crops can be, at most, 25.0
and 24.0 acres in area respectively during each year of the planning
period. These crops may be removed, however, and the land transferred
to other uses.

The annual cropland restraint supplies land (106.5 acres at the
beginning of the development period) to annual crops, 2 fallow activity,

and an annual cropland transfer activity which supplies land to perennial
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Crops.

The perennial cropland restraint makes land available to new
plantings of apples and asparagus, the initial supply being zero since
land is transferred to this restraint by way of an annual cropland

15/
transfer activity.

The intercropped land restraint allows new plantings of apples to
be intercropped with some annual crops and has a zero initial supply
since this land is supplied by the apple activities.

The cropland transfer control restraint was necessary to ensure
that no more than the 106.5 acres of annual cropland was transferred to

168/
perennial crops over the development period.

A11 land restraints, with the exception of the cropland transfer
control which has a resource suvply of 106.5 acres in each of the six
years,have a resource supply of zero in each of years two to six

(k = 2y00e,6) of the development period, since land is transferred from

one year to the next via cropping or land transfer activities.
b.3,2 Labour

To keep the number of restraints included in the model down to

manageable proporticns, the annual labour supply has been divided into

four three-month periods, as follows:

Spring : September - November

Summer : December - February

15, See section 4.4,6.1.

16. However, more than 106.5 acres may be transferred to perennials
since the established peach and asparagus plantings may be dug
out. This land then must be cropped for two consecutive years
before it can be replanted with perennials. The inclusion of
this requirement in the matrix will be explained in section 4.5.2.
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Autumn : March - May, and

Viinter : June - August.

az/

The permanent labour force comprises five men, each of whon
works 48 hours per week in Sevlember, 55 per week from COctober until
the end of April, 50 per week during the first half of May and 44 per
week for the remainder of May until Aupgust. The owner's time has not
been included in the labour supply as he is fully occupied in organising
and managing the enterprise. Twelve women are employed from October
until the first half of May but only three women are employed for the
remainder of the year, all working %0 hours per week.

Thus the total supply of permanent labour during each period in

each of the six years of the development period is:

Spring 6934 hours,

Summer 8256 hours,
Autumn : 7498 hours,

Winter LO32 hours.

The total number of hours spent on farm and machinery maintenance
over the past season was obtained from the grower's records. This
information was considered by the pgrower to be an acceptable estimate
of the labour requirements of such maintenance work for each year of the
development period. The available supply of labour in each season was

therefore calculated by deducting the requirements of maintenance work,

17. Labour has been divided into three categories in the model, permanent,
contract and hired labour. Contract labour (paid, for example, on a
per-acre of per-case-harvested bazsis) is included as a variable cost
for the activity concerned, and hired labour activities are included
in the model so that labour in excess of the permanent and contract

supply may be hired if its marginal value product exceeds the going
wage rate.
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as well as the labour requirements of the young apple and asparagus
plantings, from the total supply.

Table 4.4 gives the labour required by maintenance work and the
young apple and asparagus crops, and table 4.5 pives the labour

restraints and their supplies.

Le3.3 Crops grown under contrazact for processing

S8ince acceptance of a contract requires the grower to crop a given
acreage, it was necessary to decide whether the process crops should be
treated as being grown under a definite contract (in which case the
restraints would be equalities), whether no cropping limit should be
placed on them, or whether the acreage cropped may be less than, but
not greater than, some pre-determined level.

It was not possible to define the size of the contracts in future
years since these may be changed by the processing company during a
season and are almost certain (for some crops at least) to vary from
year to year. Also, as apple and asparagus plantings are made in future
years, the grower would have to accept contracts smaller than those of
the past (1967/68) season since less land would be available for contract
cropping. Furthermore, although the grower saw no difficulty in obtain-
ing contracts smaller than those of the past season, he thought it would
be very difficult to obtain contracts greater than these.

It was decided, therefore, to set an upper limit on the size of
the contracts, with such limits equal to the contracts of the 1967/68
year. That is, the grower believed it was realistic to assume that in
each year of the development period he could grow less than, but not
more than, the acreages of process crops as defined by the 1967/68

contracts. (An exception is asparagus, the contract for which could be

increased to a maximum of 40 acres).



Table 4.4 Labour Requirements of Maintenance Work and the Young Apple and Asparagus Crops
|
Year Maintenance Young Apples (30 acres) Young Asparagus (4 acres)
(k)
Spring |Summer | Autumn |Winter |Spring |Summer |Autumn |Winter |Spring | Summer |[Autumn | Winter
1 249 249 2kg 318 465 4128 2259 2616 8 8 3 3
2 249 249 249 318 Lgs 5115 3336 3204 242 59 % 3
3 249 2hg 2hg 218 Loy L&o2 bh13 3789 409 102 3 3
in 249 249 2hg 318 495 5569 5487 LL97 542 136 3 3
5 2k9 249 2hkg 318 495 7107 7641 5088 591 149 3 3
6 249 249 249 318 495 8091 8721 5214 641 162 3 3

02L



Table 4.5 Labour Restraints
Restraint Resource Supply (hours)

=1|lk=2|k=3lk=4lk=5|k==6
Rg . ¢ Spring labour 6212 | 5948 5781 | 5648 5599 | 5549

*
Rg.x ¢  Summer labour 3871 | 2833 3303| 2282 751 =246

k]
Resie ! dutumn labour 4987 | 3910 2833| 1759 =395|=-1475

1
R11 K inter labour 1095 507 -78| -786 | -13771-1503

*
Note: Negative resource supplies simply indicate that the requirements

of maintenance work and the young apple and asparagus plantings

will exceed the present permanent labour supply,

labour must be hired.

so additional

The process crop restraints are given in table L4.6.

Table 4.6 Process Crop Restraints
Restraint Resource Supply
(k = 1|..0'6)

R12,k s beetroot 7 acres
Rﬂﬁ,k : potato 70 tons
RTH,R : asparagus 36 acres
R15,k : carrot 60 tons
R16,k : tomato 21 acres
R1?,k : green bean 27 acres
R18,k : pea 19 acres
R19,k 3 broad bean 5 acres

Note:

Although the maximum contract acreage of asparagus is 40 acres,
the effective asparagus cropping restraint in table 4.6 is 36
acres since the young asparagus (four acres) is not included in
(See section 4.2.3.1).

the model as an activity.
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L,3,4 Restrictions on fresh market crops

The grower placed upper limits on the acreage of mangolds, kumara,
ryegrass sown for seed production, and apples to be planted in any one
year, as well as a limit to the total apple plantings over the six-year
periced.

Should he grow more than eight acres of mangolds or 24 acres of
kumaras, the grower expected marketing prolems to arise, with extra
quantities only being sold at prices considered unacceptable by the
grower. Also, the grower considered that if he were to expand the
production of kumaras, he would have to purchase bulk-handling equipment
(which he did not wish to do) in order to lower production costs and
remain competitive with other suppliers.

Since the grower is prepared to handle up to 60 acres of apples,
only 30 acres may be planted over the six-year period as a similar
acreage has already been planted. In addition, the grower did not want
to plant more than 10 acres of apples in any one year (even if sufficient
cash should be available) and considered this a precaution against future
uncertainties (for example flooding, or an unforeseen fall in apple
prices).

Table 4,7 gives the restrictions on the acreage of fresh market

crops.

4,3,5 Rotation restraints

For reasons of soil fertility and disease control, the processing
company requires that a certain number of years elapse between plantings
of some crops in the same land. A five-year rotation is required for
both tomatoes and potatoes (that is, four years must separate plantings

of tomatoes and/or potatoes on the same land), a four-year rotation is
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required for carrots, and plantings of peas must satisfy a three-year
rotation as must green bean plantings. Therefore the maximum combined
acreage of tomatoes and potatoes must not exceed one-fifth of the
available cropland, carrot plantings must not exceed one-quarter, peas
must not exceed one-third, and green bean plantings must not exceed
one-third of the available cropland. Since the processing company is
not permitting double-cropping between peas and green beans during the
first year of the development period, it has been assumed that such

double-cropping is not possible during any future year.

Table 4.7 Fresh Market Crop Restraints
Restraint r_ Resource Supply
R20,k : kumara 24 acres (k = 1,006,6)
R21,k :  mangold 8 acres (k = 1,000,6)
R22,k :  ryegrass 12 acres (k = 1,000,6)
R23'1 : apple plantings in year 1 10 acres
R23‘2 : apple plantings in year 2 10 acres
R23'5 : apple plantings in year 3 10 acres
R25’4 ¢ apple plantings in year 4 10 acres
R23’5 - apple plantings in year 5 10 acres
R23,6 - apple plantings in year 6 10 acres
R39,6 : total apples planted at
end of year 6 %0 acres

Table 4.8 contains the rotation restraints. The resource supply
at the beginning of the planning period is 106.5 acres (this being the
initial supply of annual cropland), but is zero for every other year

18/

since cropland is transferred to these restraints via other activities.

18. See section 4.5.6 for a discussion of the coefficients which make
these retation restraints effective.
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Table 4,8 Rotation Restraints
Restraint Resource Supply
(k = 4) (k= Zyuen.h)
- =
R?h,k 3 tomato & potato 10645 acres 0
R25’k % carrot 106.5 acres 0
: 1 .
R26,k pea 06.5 acres 0
Rz?,k : green bean 106.5 acres 0

4,3.,6 Cash and taxation restraints

4,3.,6.1 Treatment of cash flows in the model

Before discussing this group of restraints, the incorporation
into the model of the various components of the cash flow between years
will be presented.

The supply of tax-free cash available to the grower at the
beginning of the development period (net of his personal drawings) forms
an upper limit to total variable production costs of that year.

All cash from the sale of produce is assumed to be received at
the end of the year, and such (pre-tax) cash receipts will include the
gross revenue from the activities in the model, the net revenue from
those crops which are assumed to remain at a constant level throughout
the development period, and interest earned on any cash deposited in
the bank. (Such bank deposits will equal the supply of tax-free cash
at the beginning of the year less total variable costs of that year).

Next, taxation payments must be calculated on assessable farm
income, where the latter equals (pre-tax) cash receipts less total

variable costs and tax-deductible overhead costs. Then, assessable farm
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income less taxation payments gives net tax-free farm income.
Finally, to obtain the supply of tax~free cash available at the
beginning of the second year, an amount equal to
cash saved over the first year, plus

19/

total variable costs of the first year, plus
20/
depreciation allowances for the first year, less
personal drawings for the second year,
must be added to net tax-free farm income.

This process continues throughout the six years of the development
period, with the supply of tax-free cash available at the end of year six
(that is, the beginning of year seven), entering the objective function to

21/
be maximised along with the value of assets at the end of year six.

Thus in order to understand the derivation of the resource supplies
for the cash and taxation restraints, reference must be made to tax-free
cash available at the beginning of the six-year period, net revenue from
the young apple and asparagus crops, withdrawals of tax-free cash, tax-

deductible overhead costs, total tax-deductible expenditures and taxation

limits.

L.3,6,2 Tax-free cash available at the beginning of the development

period

The grower estimated that he would have access to $27,000 tax-

free cash (over and above his personal cash requirements of the first

19. Total variable costs must be added back into the supply of tax-free
cash since such costs have been deducted twice, once when the cash
payments were made at the beginning of the year, and again when
taxation payments were calculated at the end of the year.

20. Although tax-deductible overhead costs were subtracted from pre-
tax cash receipts when a2ssessable income was calculated, only the
cash overhead payments need be withdrawn from the cash flow, and

depreciation allowances are the onlg tax-deductible overhead costs
which do not require payment in cash.

21. Section 4.1.2 outlines the nature of the objective function in
intertemporal programming models, and that of the present model is
discussed in more detail in section L.6.
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22/
year) at the beginning of the planning period. This entire sum would

be available, then, to finance the running expenses of the helding, or
to invest in perennial crops. Of this sum $12,000 was in the form of
a bank overdraft, but was treated as a permanent bank loan in the model,
with the remainder made up of accumulated savings.

The model was not designed to allow repayment of the loan over
the development period and interest charges on the entire amount borrowed
have been included in overhead costs (table 4.9). However, Bank activit-
ies allow excess cash to be saved and thus earn interest, so that in any
year when the amount saved is less than $12,000, net interest payments
are made on the difference between the total amount borrowed and the
amount of cash banked. (3uch an annual interest calculation approximates
the real situation, since interest charges on a bank overdraft are
calculated on a daily balance). Vhen the amount of cash banked exceeds
$12,000, interest is received on the net amount of cash saved, that is,

total savings less total borrowings.

Le3.643 llet revenue from the young apple and asparagus crops

To obtain total pre-tax cash receipts in any year, the net revenue

22 Since all cash payments are assumed made at the beginning of
the year, the entire 527,000 must be treated as being available
at that time. 1In practice though, cash is paid out and received
continually. This problem may be lessened by allowing cash
transactions to be made several times during a year, which is
similar to deciding whether any other resource (e.g. labour)
is to be divided into several (monthly labour) resources, or
aggregated into a single (annual labour) resource.
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23/
(gross revenue less variable costs) from these crops must be added
into the programming matrix. This was achieved by setting the supply
of the 'pre-tax cash receipts - end of year k' restraint equal to the
net revenue from the young apple and asparagus plantings in year k,

fOI‘ k = 1,-..'6.

4L.3.6.4 Withdrawals of tax-free cash

At the beginning of each of the second to sixth vears, allowance
was made in the model for the grower to withdraw an amount from tax-

free cash:

(1) sufficient to meet his personal reguirements over

the coming year (personal drawings), and

(ii) sufficient to allow him to meet the cash overhead

2_!.}/

vayments of the past season.

The grower (a single man) stated that 32,500 tax-free cash would
be adequate to meet his personal requirements in each year of the
planning period. In addition, he required $20,000 to be available at

the beginning of the fifth year, to be invested in an apple packing shed

23, See Appendix A.2, where the net revenue from apples and asparagus
is presented in detail. Pre-tax net revenue from these crops will
equal gross revenue less variable costs only, since their labour
requirements and labour costs have already been included in the
model. (Labour costs have been accounted for since the labour
requirements have been deducted from the appropriate supply of
permanent labour (section 4.3,2), and the costs of the total
rermanent labour supply are included in the overhead costs
(table 4.9). Should these crops require more than the supply of
some labour resource, the resource supply will become negative
(as in table 4.5) and labour must be hired to make any solution
feasible).

2k. Depreciation allowances were not included in the cash requirements
of overhead costs, as explained in section 4,.,3.6.1 and footnote 20.
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which he considered would be necessary at that time to handle the
25/
requirements of his present 30 acre planting of apples. The shed
would be designed, though, to have adequate capacity to handle up to
the maximum 60 acres of apples.
The supply of each tax-free cash resource for year's two to six
was thus equal to the negative value of the sum of all withdrawals for

the year in question (with such withdrawals including the cash required

for the packing shed at the beginning of the fifth year).

L.3,6.5 Tax-deductible overhead costs

For simplicity, the present overhead costs of the holding were
assumed to remain constant for each year of the planning period.
However, allowance was made for depreciation on the packing shed which

26/
is to be built in the fifth year.

The tax-deductible overhead costs for each of the six years are

given in table 4.9.

Table 4.9 Tax-Deductible Overhead Costs
Overhead Item Overhead Cost
Wages of permanent staff (k = 1,4.4,6) $19,688
Repairs, maintenance and sundry (k = 1,...,6) $8,702
Lease and interest charges (k = 1,e0446) 58,326
Depreciation (k = 1,.00,4) $2,310
Depreciation (k = 5) $6,110
Depreciation (k = 6) $3,850

25. The cost of the packing shed includes $10,000 for the building
itself and $10,000 for equipment (for example a grader and bulk-
handling equipment).

26, This included 20% special depreciation on the shed to be claimed
in year 5; special depreciation on plant, spread over five years;
ordinary depreciation of 2% (constant value) on the shed; and
10% ordinary depreciation (diminishing value) on plant.
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Therefore, the resource supply of the 'tax deductions' restraint
in any year is the sum of the tax-deductible overhead costs of that

year, from table L4.9.

4,3,6.,6 Total tax-deductible expenditures

These will include the variable costs of the enterprise as well
2/

as the tax-deductible overhead costs of the above section, and their

incorporation into the matrix will be described in section 4.5.7.1.

Lh.3.6.7 Taxation limits

To allow the programme to closely approximate actual progressive
taxation, marginal tax rates were assumed constant over some range of
taxable income, then rising to a higher constant tax rate for some
higher range of taxable income, and so on. For example, in accordance
with present tax legislation the first 5208 of income is exempt from all
taxation, as is the first 360 of interest earned (interest is earned in
the model through Bank activities) giving a total of $268 free of tax.
(The assumption is made that at least $60 in interest is received each
year; that is, the farmer is assumed to always have a credit bank
balance of at least $1,000). Also, %718 of assessable income will pay
only Social Security Tax, this sum including the $93%6 personal exemption
and an estimate of $50 for Life Insurance, less the $268 which is exempt
from all tax.

In all, ten marginal tax rates were calculated to approximate,

28/

as closely as possible, actual tax payments.

27 "Farmers' Tax Guide", Inland Revenue Department, September 1966.

28. More detailed discussion of the treatment of taxation in the
matrix is to be found in section 4.5.7., where the tax input-
output coefficients are described.




Table 4410

Cash and Taxation Restraints

Restraint

Resource Supply ($)

k = 1 k =2 k=3 k =4 k=5 k=6

R1,k : tax-free cash, beginning year

k 27000 -39216 -39216 -39216 -59216 -3%9216
R28.k ¢! pre-tax cash receipts, end of

year k 8748.28 14554.10| 20620.94| 26704.12| 38977.22| 44939.18
Rag,k : tax deductions, year k 39026 39026 39026 39026 42826 40566
Rjo'k : tax limit 1:k 268 268 268 268 268 268
R31‘k : tax limit 2:k 718 718 718 718 718 718
Rjz'k :  tax limit 3:k 1000 1000 1000 1000 1000 1000
R33’k i tax limit 4:k 800 800 800 800 800 800
R}h.k : tax limit 5:k 1000 1000 1000 1000 1000 1000
1235’k : tax limit 6:k 1000 1000 1000 1000 1000 1000
R}G,k ! tax limit 7:k 1000 1000 1000 1000 1000 1000
R37'k : tax limit 8:k 1200 1200 1200 1200 1200 1200
R}S,k : tax limit 9:k 1200 1200 1200 1200 1200 1200

0% L
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4,3,6.8 Summary of cash and taxation restraints

All cash and taxation restraints and resource supplies included

in the model are presented in table 4,.10.

4.3,7 Objective function accounting restraints

The final two restraints in the model, given in table 4.11,
account for all tax-free cash at the end of the planning period and
the value of all assets (that is, perennial crops planted over the
planning period) at the end of the planning period. Final tax-free
cash and final assets may then enter the objective function via final

29/
tax-free cash and final assets activities.

The final tax-free cash accounting restraint (240,6) has a
supply eocual to the overhead costs of the sixth year which must be

paid out of tax-free cash, but does not include the owner's personal

drawings for the year following the end of the planning pericd.

Table 4,11 Objective Function Accounting Restraints
Restraint Resource Supply
R40,6 : final tax-free cash - $36,716
R&1,6 : final assets 0)

bt  The Activities

L1 Introduction

All activities included in the intertemporal programming matrix

can be divided into, and will be discussed under, the following nine

29. The objective function is discussed in detail in section 4.6.
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groupings:

(i) intercrovped annual crops,

(ii) annual crops,

(iii) existing verennial plantines,

(iv) new plantings of perennials,

(v) 1and transfer activities,

(vi) activities to hire labour,

(vii) taxation and tax-deductible exvenditures,
(viii) bank activities, and

(ix) final tax-free cash 2nd final assets.

L.4,2 Intercropping activities

The five annual crops which may be planted amongst new apple
plantings are beetroot, carrot, kumara, mangold and potato. Husbandry
of these crops is identical to that of the corresponding annual
activities of section 4.4.3, excent that a greencrop is not sown
following intercropped beetroot.

The five intercropped activities are:

P1,k 2 kK = Tiaee0 : dintercropped beetroot,
P?‘k i k=1,4e.,6 ¢ dntercropped carrot,

P3,k I K2 Yyeneyd : dintercropped kumara,

Ph,k : K& Vigwan ¢ intercropped mangold, and
P5,k 1 k= V966836 : intercropped potato.

L,4.,3  Annual cropping activities

L.4b,3,1 Tomato (PG’R $ .k ® Tyaeesh)

The tomato activities consist of one planting made during September.
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Contract labour is employed to harvest the crop and once completed
(during March) the land is sown into greencrop for winter grazing by
hoggets.

A five- or six-year rotation is required and applies to tomatoes

and/or potatoes.

1&.“4'.3-2 Green bean (P,? k H k= 1'000'6J

These activities may comprise three to four successive crops,
39/
sown over the October - December pericd. The processing company
harvests the beans and transports them to the factory, after which the

land will be sown into greencrop during April. The processing company

requires that a three-year rotation be practised.

L.4,3,3 Beetroot (PS.}: 3 K ¥ Npsaegt)

Beetroot is sown during September and October and consists of from
two to four crops. Sowing dates must be a week to 10 days apart to
allow crop-thinning (a labour-intensive operation) to be performed
without the occurrence of labour bottlenecks. The crop is harvested

by hand, after which the land is sown into greencrop during March.

4.4.3."} Potato (P X = 1,--.'6)

9,k

These activities comprise one planting only, and must follow the

same rotation requirement as the tomato activities.

30. Sowing dates for process crops may be known only about ten days
in advance. If a contract consists of more than one crop, the
processing company will indicate what proportion of the contract
is to be sown on a certain date. This applies also to harvesting
in that the company will indicate when it wants a crop harvested,
so as to maintain a constant flow of vegetables into the factory.
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40405-5 Pea (P10,k 3§ KOS 1,..-,6)

Up to three pea crops may be sown anytime from August until
October as required by the processing company. The company harvests
the crop between December and February and transports the peas to the

factory. As with green beans, a three-year rotation is necessary.

t"-“‘t}-6 Carrﬂt (P k = 1,.-»,6)

11,k )

The carrot activities consist of a single crop sown in October.
The carrots are harvested when required by the processing company, which
may be anytime between May and September. Carrots would normally be
planted in land previocusly occupied by greencrop, and a four-year

rotation is reqguired.

b.,4,3.7 Broad bean - kumara (P k= 1,50540)

12,k }

These activities are one-year rotations, with kumaras being plant-
ed after the harvesting of broad beans. The broad bean crop consists
of a single sowing in either May or June. The beans are harvested
during October and November and followed within a week with kumaras,
which in turn are harvested the following May, placed in storage, and

bagged and sold from June until early August.

4,4,3.8 Kumara (P13,k S K & Vyeneyb)

These activities are planted during September, earlier than the
kumara crop which follows broad beans. Harvesting is completed by the
end of May and the kumaras are then stored, to be bagged and sold from

June until early August.
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L,4,3,9 Mangold (P k = 1,e00s6)

14 x

Mangold crops are sown from September and 1lifted in July. The

crop is then left on the paddock to be collected by the purchasers.

4L,4,3,10 Ryegrass (P k= T, en0y6)

15,k

Ryegrass is sown by contractor, and is grazed with hoggets (eight
sheep per acre) from June until October, when the paddocks are closed
for seed production. Mowing and threshing of the crop is also carried

out by a contractor.

L,4,4  Existing perennial plantings

Lo 4.1  0Old asparagus (P S P |

16,k *

The inclusion of these activities allows the model to determine
the optimum replacement pattern for the established ('old') asparagus
beds, which are in their 27th year at the beginning of the development
period. The grower is at present planning to replace some of these
plantings each year, and in fact the optimum age at which to replace

the asparagus is at the end of its 28th year. (See section 4.5.8.2.3).

4.4.’4.2 old Peach (P H k = 1'000‘6)

175k

The old peach activities were included in the model since the
grower wanted to know whether or not he should replace some or all of
the peach planting with some other crop/s.

The existing 25 acres of peaches are not due for replacement
during the six-year planning period, since the trees are at present in
their seventh year compared with an optimum replacement time of the end
of their 18th year (section 4.5.8.2.3). Also, no provision is made in

the model for new peach plantings since the grower is satisfied with
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the present acreage.

4.4.5 New plantings of perennials

4,4,5.1 Asparagus (P k= %, s6030)

18,k °

New asparagus plantings may be made in any year, as long as the

total planting of both 'new' (activity P )

' . R
18,k) and 'old' (activity P16,k
asparagus does not exceed the cropping limit of 36 acres. Generally,
the first harvest is three years after planting when 0.5 tons per acre
may be obtained. Yields then increase annually to over 2.0 tons per

acre which should be maintained until about 15 years from planting, after

which time yields may gradually fall off.

4040502 Apple (P k H R = ﬂ1000'6)

19,

The grower intends to plant only apples on Malling-Merton 106
rootstock (that is, semi-dwarf trees), trained to a single-leader system.
The trees are planted intensively, with an average of 200 trees per acre.
Although the grower could name a number of varieties to plant (especially
Granny Smith, Red Dougherty and Hawkes Bay Red Delicious) it was
practicable to include only one apple activity in each year.él/

Although little data is available on the cropping habits of semi-
dwarf apples under New Zealand growing conditions, it is reasonable to
assume that a yield of 100 bushels per acre will be obtained three years
after planting, increasing to 2000 bushels per acre after 12 years.

Apart from biennial-bearing fluctuations, such a yield should be maintain-
ed until the trees are about 35 years of age, beyond which yields would

probably commence to decrease.

e It is conceptually possible, however, to include an activity for
each apple variety, each of which may have different yields,
prices and/or labour requirements.
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hh,6 Land transfer activities

L.,4,6.1 Annual cropland transfer (P k= V00090

20,k ’

These activities are included to provide land for new perennial

plantings, by transferring annual cropland to perennial cropland.

L.4,6.2 Asparagus land transfer (P Kk = Y5 0asB)

21,k ’

Since the o0ld asparagus plantings may be removed during the
planning period, these activities are designed to transfer any vacated
asparagus land to annual cropland, as this land must be cropped for at

least two years before being replanted with perennial crops.

4-4.6.5 Peach land transfer (Paz,k H k= 1'.."6)

This group of activities serves a similar purpose as those of the
preceding section except that they allow vacated peach land to be trans-

ferred to annual cropland.

1"."".6“’4‘ Fallow (PZS‘]{ ; k = 1,-Il'5)

These activities ensure that any land which may be left fallow in
any year will be available for cropping the following year. A fallow
activity was not required for year six since any land left fallow in
that year would be represented by a land disposal activity appearing

in the basis.

L.4,7 Activities to hire labour

Four such activities are included in the model for each year of
the planning period, their purpose being to allow additional labour to

be hired as necessary.
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The hired labour activities are:

P24,k - $ hire Spring labour

st x } hire Summer labour
]

6
6

p26.k 1 k= 1,000,s6 5 hire Autumn labour
6

P hire Winter labour.

3
1

Y
>
-
.
-

27,k

4t.4,8 Taxation and tax-deductible expenditures

b ,4,8,.1 Taxation transfer activities

Ten taxation transfer activities are included for each year,
allowing the computation of progressive taxation payments to be closely
approximated with 10 different marginal tax rates. For example, when
only Social Security Tax is being paid (a2 marginal tax rate of 0.075)
the appropriate taxation transfer activity would take %1 (up to a
certain limit) from assessable income at the end of one year, and
deliver $0.925 into the supply of tax-free cash at the beginning of
the next year.

The tax transfer activities are:

P28 p 3 R Vs w06 tax transfer 1:k ;
L]

£
I

% Fuaest tax transfer 2:k ;

P29,k }

P20,k

=
!

2 1,5004s0 : tax transfer 10:k.

4,4,8.2 Tax-deductions transfer (P E 8 1,000e6)

38 k

Since all tax-deductible expenditures must be subtracted from

pre-tax cash receipts before taxation is calculated, the tax-deductions



139

transfer activities remove from pre-tax cash receipts in one year, a
sum of cash equal to the tax-deductible expenditures of that year, and
place a similar quantity of cash into the supply of tax-free cash at
the beginning of the following year. (Cash overhecad payments and
personal drawings are then deducted from the supply of tax-free cash,

as explained in sections 4.3.6.4 and 4.5.7.1).

4L ,4,9 Bank activities (P59'k 7 kK = 600:6)

These represent investment activities which will allow surplus
cash to earn interest at six percent. Hence the programme can either
save money at a six percent rate of return or reinvest money in the

holding at a rate of return greater than six percent.

L,4,170 Final tax-free cash (P40,6) and final assets (Ph1,6)

These activities appear only once in the matrix and allow the
supply of the final tax-free cash and final assets restraints to enter
the objective function, so allowing the programme to maximise the value

of tax-free cash and assets at the end of the planning period.

4.5 Input-Output Coefficients

4e5.1 Introduction

This section will discuss the input-output coefficients of the
basic matrix corresponding to each group of restraints as presented in
section 4.3. To make the presentation as clear as possible, it will be

necessary to present condensed sections of the basic matrix.
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4,5.2 Land restraints

The input-output coefficients associated with the various land
restraints are indicated in table 4,12. (All activities and restraints
in this table are measured in units of one acre). Only 'year one'
activities need be shown, since 'year two' activities (for example)
will have similar resource requirements in years two, three,... etc.
as the 'year one' activities have for years one, two,... etc,

A1l intercropped activities have a +1 coefficient for intercropped
land for the year in which they are planted. The annual cropping
activities and the fallow activity have a +1 coefficient in the annual
cropland row for the appropriate year and also have a -1 coefficient
for annual cropland in the following year, since these activities
supply this land to the cropping and fallow activities of the next year.

The old asparagus activity of the first year has a +1 coefficient
for the asparagus land of year one, and a -1 coefficient in the asparagus
land row for the following year thus making asparagus land available in
that year. Likewise, each unit of the old peach activity (not shown in
table 4.12) will require one acre of peach land in one year and supply
one acre of peach land in the following year.

Each unit of the apple activity of year one requires one acre of
perennial cropland in that year, but supplies three-quarters of an acre
for intercropping over two years, (the remaining quarter-acre being
occupied by the trees). All land to be planted with perennials must be
supplied through the annual cropland transfer activities. Thus this
transfer activity in the first year can increase the supply of perennial
cropland in that year, but also reduces by a similar amount (through the
+1 coefficient in the cropland transfer control row of all future years)

the quantity of annual cropland which remains for possible transfer to
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Table 4.12 Land : Input-Output Coefficients
Restraints Supply First-year Activities Second-year Activities
Intercrop Annual Crop Cld Apple Annual Asparagus Intercrop et wie
Activities and Fallow Asparagus Cropland Land dctivities
Activities Transfer | Transfer
F1 to PS P6 to qu, P23 P16 P19 P20 P21 P1 to P5
First year:
R; asparagus land 2%.0 |» +1 +1
R; : annual cropland 106.5 |» +1 +1 =1
R5 : perennial cropland 0 > +1 =1
R6 : dintercropping land 0 > +1 =0.75
R, : cropland transfer control 106.5 |y +1
Second year: 5
R3 : asparagus land 0 > -1
R1+ : annual cropland 0 > =~
R5 : perennial cropland 0 >
Rg intercropping land 0 > -0.75 +1
R? : cropland transfer control|106.5 |[» +1
Third to sixth years:
R7 : cropland transfer control|106.5 |3 +1 =1
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perennial crops.

The 'year one' asparagus land transfer activity reduces the
supply of asparagus land in that year by transferring it to annual crop-
land. However, since annual cropland must be cropped for at least two
years before it may be replanted in perennials, each unit of the 'year
one' asparagus land transfer activity will add to the supply of the
cropland transfer control restraints only from the third year. The
peach land transfer activity serves a similar function, and is not

included in table 4,12,

4,5.3 Labour restraints

The grower's records for 1966/67 included the nature of operations
performed on all crops, the timing of these operations and the quantity
of labour involved. The labour requirements per acre of each annual
cropping activity were derived from these records, being adjusted where
necessary to compensate for any difference between that season's yields
and those estimated for the planning period. Because of the uncertainty
surrounding planting and harvesting dates of some process crops (and
therefore all intervening operations), the timing of operations for these
crops was assumed to be the same as in 1966/67.

Although the grower could also provide estimates of the labour
requirements of asparagus and peaches, his lack of experience with semi-
dwarf intensive apple plantings meant that labour reguirements for each
year of this crop's life had to be estimated after discussion with

22/

orchardists and fruit research workers in the district.

32 The labour input-output coefficients covered such operations as
land preparation (prior to planting as well as subsequent cultivat-
ions), planting, sowing a greencrop, applying fertiliser, pruning,

spraying, thinning, harvesting and packing, and making cases or
cartons.
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Labour would also be required if the established asparagus and
peach plantings were to be removed, so each asparagus land transfer
activity requires autumn labour and each peach land transfer requires
labour during the winter months.

The labour-hire activities (which are measured in 10-hour units)
may supply labour in each time period and thus have coefficients of -10
in the appropriate labour resource rows.

Table 4.13 summarises the labour input-output coefficients of the

intertemporal programme.

L,5.4 Process crop restraints

Process crops have a requirement coefficient of +1 for the supplies
of the appropriate process crop restraints where these are defined in acres.
For example, the 'asparagus limit' restraint for any one year will restrict
the total acreage of new asparagus plantings in that year, any remaining
old asparagus, plus all plantings of new asparagus in the preceding years
of the planning period, to a maximum of 36 acres. Hence the 'asparagus

limit' restraint of year six is given by:

6
o . -
26 acres(b14’6))'k =, 1.0x18‘k + 1'0x16,6 ; (4=1)
where X18,k 2Te the production levels (acres) of activities P?B,k

(new asparagus plantings) ; and
X,6.6 15 the level of the old asparagus activity (acres) in
]

year six.

Carrot and potato crops are usually measured in tons rather than
acres, and the extent to which an acre of these activities will reduce
the supply of the respective cropping limit restraints will equal the

crop yield in tons per acre.



Table 4413

Labour : Input-Cutput Coefficients

(k = 1'D-o‘6)

Restraint Supply Activities Hire Hire Hire Hire
Requiring Spring Summer Autumn | Winter
(hours) Labour Labour Labour | Labour | Labour
Pix ¥ Prg i Pou,x Pos.x Po6,x | F27,k
Por,x ¥ Foox
RB,k : Spring labour b8,k > +a8j,k -10
Rg,k : Summer labour bg‘k > +a9j,k -10
R10,k : Autumn labour b10,k > +a10j,k =10
R11,k 3 Winter labour b11,k > +a11j,k =10

L
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k,5.5 Fresh market crop restraints

All fresh market crops have an input-output coefficient of +1
for the avpropriate cropping limit restraints. For example apple
plantines, as well as being restricted to no more than 10 acres in any
year, must not exceed 30 acres over the entire planning period. This

condition is ensured by:

10 acres(baj‘k).)-1.0x19'k s ko= e 3 and

o]
30 acres(b ) 2 Z 1.0x (4=2)
39,677 | &

19,k '

where X19.k are the production levels (acres) of the apple activities in
k]

each of the k years.

he5.6 Rotation restraints

The input-output coefficients found in the rotation restraints
are set out in table 4.14, in which all activities are measured in one-
acre units.

The supplies of the rotation restraints are initially egual to
106.5 acres plus the acreage of land transferred to annual cropping via
the asparagus and peach land transfer activities less the guantity of
land transferred to perennials through the annual cropland transfer
activity. Then to conform to (for example) the rotational requirement
that all tomato and potato plantings in any year be no more than one-
fifth of the total area of annual cropland, a coefficient of +5 is
required by the tomato and both potato activities in the 'tomato-potato
rotation limit' row. Similarly, no more than one-quarter of annual
cropland may be planted in carrots, no more than one-third planted in
pea crops 2nd no more than one-third sown with green beans.

All annual cropping and fallow activities in any year will supply




Table 4.14

Rotation Restraints

Input-Cutput Coefficients
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Restraints

Supply

First-year Activities Second-year
Activities...
Intercrop |Intercrop |Tom=zto [Green |[Potato| Pea |[Carrot Other Apple | Annual Peach IntercropTetc
Carrot Potato Bean Annual Cropland | Land Carrot
Crop and Transfer [Transfer
Fallow
Activities
3 5 P
P2 P5 P6 P? F9 P1O }11 antb 15 P19 on P22 P2
Fgr Fog
First year:
R?& : tomato-potato
- rotation 106.5 |» +5 +5 +5 -0.75 +1 1]
R?5 carrot rotation 106.5 > +4 +b -0.75 +1 -1
R26 pea rotation 106.5 = +3 +1 -1
R?7 : green bean rotation | 106.5 > +3 +1 =
Second year:
th tomato=-potato
rotation 0 > -1 -1 -1 -1 -1 = -0.75
R25 carrot rotation i} e =1 =4 =] = -0.75 +4
R26 pea rotation 0 > =1 -1 -1 -1 =1 =1
R?? : green hean rotation 0 =5 -1 =1 -1 -1 =1 -1
Third year:
etc
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land to the rotation restraints of the following year through negative

coefficients.

Since each acre of the apple activities planted contributes
three-quarters of an acre for intercropping over two years, this land
must be added to the total land available for carrots and potatoes,

23/

since both of these activities may also be intercropped.

L.5.7 Cash and taxation restraints

be5e7e1 General description of coefficients

Table 4.15 describes the inclusion of the cash and taxation input-
output coefficients in the programming model. Activities contributing to
the cash flow (such as annual and perennial crops) are measured in units
of one acre, while all other activities and restraints of table 4.15 are
measured in one-dollar units. Only first-year activities and restraints
are shown since the matrix construction is similar for all years of the
planning period.

All activities requiring tax-free cash (for example, for payment
of variable costs) will have a positive coefficient in the tax-free cash
row, and perennial activities will also have coefficients (in the same
column) in the tax-free cash rows of future years. These activities will
supply cash (hence the negative coefficient) to pre-tax cash receipts,
which is then transferred through the tax transfer activities to the tax-

34/
free cash row of the following year.

The bank activity can transfer tax-free cash from one year to the

next, as well as paying a six percent rate of return into pre-tax cash

33. Strictly, the intercropped land added to the tomato-potato rotation
restraint can only be used by potatoes. IHowever, the author felt
that such an approximation was preferable to increasing the number
of restraints in the model.

34, All activity prices, yields, gross revenues and variable costs are
presented in Appendix A.
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Table 4.15 Cash and Taxation Restraints : Input-Output Coefficients
First-year Activities Second-year
Activities ...
Restraints Supply Activities Tax Transfer Activities Tax Bank Activities et wea
Contributing Deductions Contributing
to Cash Flow 1:1 259 32 bz 5:1 6:1 741 8:1 9:1 10:1 Transfer to Cash Flow
; ? P P P P P P P
Py to Pyg Fog| Fou | Fop P31 P52 | P33 | Fa 35 36 | 37 38 39 | F1 %0 Fyg
Firstvzear:
R1 : tax-free cash 27000 > +a1j'1 +1
R28 pre-tax cash
receipts 8748.28 | » -2,85 1 1 | ¥ +1 +1 +1 +1 +1 +1 +1 +1 +1 -0.06
]
H?g : tax deductions| 39026 > 859,17 214,1 +1
RSO tax limit 1:1 268 > +1
R31 tax limit 2:1 718 > 1
R52 tax limit 3:1 1000 > +1
R33 tax limit 4:1 800 > +71
R,ﬁ}4 i fax limit 51 1000 > =
R35 t ‘tax 1imtt 69 1000 > +1
R36 ¢ tax limit 737 1000 > +1
R37 : tax limit 8:1 1200 > +1
st tax limit 9:1 1200 > +1
Second year:
R1 tax-free cash | =3%9216 > (+a1j 2) -1 -0.925| -0.775| -0.712| -0.637| -0.575| -0.513| -0.443| -0.368] -0.325 =1 =1 +aqj >
L] ]
R28 : pre-tax cash
/ .1 - . - -
receipts 14554 .10 | 3 |( 3983,2) 8283,2
ete
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receipts (with the first $60 of interest free of tax, as explained in
section 4.3.6.7).

The tax-deduction transfer activity will transfer to tax-free
cash in year two an amount equal to the total tax-deductible expendit-
ures of the first year, which are egqual to tax-deductible overhead
costs ($39,026 in the first year) plus the variable costs of the
first-year activities.

From the supply of tax-free cash at the beginning of year two,
$39,216 must be withdrawn to cover the cash overhead payments of year
one and the grower's personal drawings for year two, to obtain the

total quantity of tax-free cash available to the second-year activities.

35/

4,5.7.2 Derivation of marginal tax rates

The first $268 of income, comprising the $208 special exemption
and the first $60 of interest receipts, are free of both Income and
Social Security Tax.

A total of 5986, being the $93%36 personal exemption and $50 life
insurance, (the farm owner is a single man), is exempt from Income Tax,
and since the first $268 of income is free of all tax, Social Security

38/

Tax only is paid on $986 - $268, or the next $718 of income.

/4

The next $1000 of income pays Income Tax at the rate of 30,15 in

35. These were calculated with reference to "Farming as a Business -
Farm Taxation", Farm Economics Section, Department of Agriculture..

36. The author mistakenly included the entire $986 in the model as
paying Social Security Tax only, instead of the correct value of
$718. He did not tomsider the small error this would cause to
tax calculations as justifying the considerable computational
effort which would be required to resolve the intertemporal
programme.

St A rebate was not deducted from tax payments, since rebates may
vary from year to year and would have a negligible effect on the
development programme since total rebates cannot exceed $200 per
year.
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the dollar, and Social Security Tax at the rate of $0.075 in the dollar,

giving a total marginal tax rate of $0.225 per dollar. Therefore the

taxation transfer activity paying tax at this rate wonld deliver $0.775

into tax-free cash for each dollar taxed.

Table 4.16 gives the marginal tax rates of which the above is an

example, plus the rates at which the taxation transfer activities deliver

cash to the tax-free cash rows.
Table 4.16 Marginal Tax Rates
Assessable Income Income Tax| Social Total Proportion
(pre-tax cash receipts on Each Security Marginal of Each
less all tax-deductible |Dollar Tax on Each | Tax Rate Dollar
expenditures) Dollar on Each Remaining
Dollar After Tax
Exemptions: $268 free of all tax - 1.000
$718 - 0,075 0.075 0.925
Taxable balance:
$1 - $1000 0.150 0.075 0.225 Q2725
$1001 - $1800 0.213 0.075 0.288 0.712
$1801 - $2800 0.288 0.075 0.363 0.637
$2801 - $3800 0.350 0.075 0.425 0.575
$3801 - $4800 0.412 0.075 0.487 0.513
$4801 - $6000 0.482 0.075 0.557 0.443
$6001 - $7200 04557 0.075 0.632 0.368
Over %7200 0.600 0.075 0,675 0.3%25
4.5.8 Objective function accounting restraints

4o5.841

General description of coefficients

Table 4.17 gives a summarised account of the coefficients to be

found in the final tax-free cash and final assets rows of the matrix.
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Objective Function Accounting Restraints :

Input-Output Coefficients
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Restraints Supply Asparagus ... Asparagus| Apple ... Apple 0Old 013 Tax .o Tax Tax Bank|Final | Final
Year 1 Year 6 Year 1 VYear 6 |Aspararus|Peach | Transfer Transfer |Deductions| Year|Tax- | Assets
Year 6 Year 6 1:6 10:6 Transfer 6 |Free
Year 6 Cash
p18,1 P«s,s P19,1 P19,6 P‘Té,é P1'7.6 p28,6 P}?,é P58,6 39,6 Pno.é le,6
Rho 6: final tax-
¥ free cash ~-36716 -1 ces =0.325 - - +1
R final assets o |3]-4126 ce. =3380  L15524 ... -11246| -3123  |-LoLk #1

41,6°
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A11 activities are measured in units of one dollar except for the
perennial activities which are defined in one-acre units.

The tax transfer, tax-deductions transfer and bank activities of
vear six (the final year of the planning period) all provide cash to
the final tax-free cash row. After the withdrawal of an amount sufficient
to pay the year six cash overhead payments ($36,716), all tax-free cash
available at the end of the planning period is transferred to the object-
ive function via the final tax-free cash activity.

All perennial crops (apple, asparagus and peach) in existence on
the holding at the end of the planning period are assumed to have a
value (as assets) which reflects their future income-generating ability.
The negative of such asset values are entered as coefficients in the
final assets row and the total value of assets (perennial crops only)
at the end of the planning period is transferred into the objective

function through the final assets activity.

4.5.8.2 Derivation of asset values

h.5.8:241 Introduction

Either a positive or normative approach can be adopted when assets
are to be valued. In the former approach, all assets would be valued in
accordance with their present market value. The latter approach would
assign assets a value equal to the present value of the future income
stream from the asset.

Because of the difficulty in differentiating between the present
market value of crops of different ages, a normative approach to asset

valuation was adopted.
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4,5.8.2.2 The procedure adopted

The perennial crops in existence at the end of the planning period
were assigned an asset value equal to the present value of future net
revenue discounted from infinity, with crop replacement at the optimum
time. Hence the next step was to determine the optimum age at which to

replace each of the three perennial crops.

38/

4.5.8.2.3 Optimum replacement times

The optimum time at which to replace a perennial crop is when the
annual net revenue (marginal net revenue) from the present crop becomes
equal to the amortized present value (or annuity value) of the net revenue
from the following crop. Equivalently, the optimum replacement age will
be given by the year in which the annuity value of net revenue obtained
from the crop reaches a maximum.

Net revenue in any year from a perennial crop is equal to:

R, 2 T ~a d=b =% , (4-3)
where Y = gross revenue ($ per acre) in year n,
an_1i = the interest to be compounded on any unpaid
balance of the establishing cost at the
beginning of year n,
b, = the annual costs ($ per acre) in year n, and
cq = the planting cost ($ per acre) applicable in

the first year only.

38. Faris, J. Edwin, "Analytical Techniques Used in Determining the
Optimum Replacement Pattern", Journal of Farm Economics, vol.k42,
pPp.755=766, 1960,
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The amortized present value (% per acre) in any year n will be

given by:

Amortized P\’f1

n
n
. ; Yk -a qi-b - c}:";'(‘l-i-r) ) (bly)
(14+1)K Jk1+r)n—1

where £ = 0;

and the year in which the amortized present value of net revenue reaches
a maximum can be found by inspection. &Since the 'mathematical optimum'
replacement age need not occur at the end of a year, amortized present

value will reach a maximum when this value is most nearly equal to the

annual net revenue for that year.

The optimum replacement times were determined as described above,
using the net revenue data of Appendix A.2 and an interest rate of six
percent.

The optimum time to replace the perennial crops, assuming that

price, cost and yield assumptions hold good in future years, are:

(i) semi-dwarf apple : at the end of the forty-ninth

year;
(ii) peach : at the end of the eighteenth

year; and

e

(iii) asparagus at the end of the twenty-eighth

year.

Such replacement times appear to be consistent with those observed
in practice (assuming good crop husbandry). Semi-dwarf apple trees may

o and 50th years,

be expected to be replaced somewhere between the 40
whereas peach trees require replacement much sooner due to the onset of

diseases such as Silver Leaf. Asparagus crops could be replaced anytime
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between the 15th and BOth vears, depending inter alia on the soil type.
(The asparagus crops of the present chapter are on a soil type consider-
ed excellent for asparsgus and a replacement age of 28 years is not

unreasonable).

4.5.8.2.4 Calculation of asset values

Asset values, assumed to be equal to the present value of future
net revenues discounted from infinity, with crop replacement at the

optimum time, are derived from:

AV, = R A
Jk Bl 4 B2 L L. 4 4D § i (4=-5)
(141)  (141)? (14r)®  (1er)™"
where Avjk = asset value ($ per acre) of activity j planted in year k,

R = net revenue (% per acre) from the crop in a particular
year,

m = age in years of the crop at the end of the planning
period,

m+n = optimum replacement age, in years,

A = the maximum amortized present value (3 per acre) of the
crop, and

A = the capitalised value of net revenue from future plantings
r

of the crop at the end of year m+n.

All asset values, included in table 4.18, were calculated using

the net revenue data of Appendix A.2 and an interest rate of six percent.
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Table 4,18 Asset Values ($ per acre) of Perennial Crops
Year of Planting Perennial Activity
0la 0ld Asparagus Apple
(k) Asparagus Peach
p‘|6,6 P1?,6 P‘18,k P19,k
1 k,126 15,524
2 4,112 14,676
3 4,032 13,723
b 3,834 12,829
5 3,605 11,985
6 3,389 11,246
'01d' plantings 3,123 4,9oL4L
Note: Since the old asparagus is in its 27th year at the beginning of

the planning period, it would be 32 years old at the end of the
six years (providing it had not been completely replaced before-
hand) compared with an optimum replacement age of 28 years. The
asset value of this activity was therefore set equal to the
capitalized value of the maximum annuity.

4.6 The Objective Function

Although the objectives of firms may be many and varied, it is
reasonable to assume that the following two conflicting objectives are

important components of the farm firm's overall objective function:

(i) maximisation of tax-free cash available to the firm

at the end of the planning period, and

(ii) maximisation of the value of assets owned by the firm

at the end of the planning period.
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(It should be remembered that the model also allows for withdrawals of
'\

tax-free cash as required by the grower in each year).
Hence, the objective function of the intertemporal linear

programme includes only two non-zero entries, and is represented

schematically in table 4.19w

Table 4419 The Objective Function
c — 0 .o 0 A1 Az
Restraints B A1l Other Final Final
Activities Tax-Free Assets
Cash
Paae o Proe | Puo.6 Pha,6
Rho 6 ¢ final tax-free
L]
cash $36,716 |> (aij’k) +1
Rh?,6 : final assets 0|3 (-aij,k) +1
Notes: Te Only activities P to P will have negative

coefficients 1nthe Ilnal

t

221§r

ee cash row.

2. Only the perennial activities of table 4.18 will have
negative coefficients in the final assets row.

The objective may be stated as:

maximise Z = A x40,6 +-A2

1

where X40,6 is the level (%)

41,6 °

of activity P40v6

(final tax-free c

X416 is the level (%)

(final assets).

ash), and

of activity Ph1,6

If the grower is unable to specify unique values of A1

(4=6)

and AE’

a whole series of "efficient" capital budgeting programmes may be
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29/

generated by varying the values of these parameters.

4,7 The Basic Matrix

The structure of the initial linear programming matrix was out-
lined in section 4.7.3%. Since the matrix includes a total of 231
restraints (rows) and 235 real activities (columns) it is not practicable
to present the entire matrix in the thesis. However, parts of the matrix

(as indicated in section 4.71.3) are presented in Appendix A, section A.3.

4,8 The Solution

Yo 841 A parametric solution

Parametric techniques were employed to obtain a series of "efficient"
capital budgeting programmes by assigning the final tax-free cash activity
a constant price of $1.000 and reducing the price of the final assets

ko/

activity from an initial value of $2.000. The solution to the initial
programme showed that the basis would remain unchanged until the final
assets price fell below $0.447. Therefore to obtain the second "efficient"
capital budgeting programme the final assets price was set at $0.446, and

so on. The farm manager considered that all tax-free cash to final assets

relative prices of interest would be covered when the final assets price

39. In fact, a parametric solution to the problem was obtzined (see
section 4.8.1) by setting Aq = 1 for all problems and varying the
value of A, (the price of assets relative to tax-free cash)

Lo, A price of $2.000 for the final assets activity indicates that the
farm operator values assets twice as much as tax-free cash or
considers $1 of assets to be equivalent to $2 tax-free cash.
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had been reduced to approximately one-third of the tax-free cash price,
and computations were therefore terminated at that point. The parametric
solutions obtained vary only in the rate at which the old asparagus is

replaced with new plantings, and in the value of the objective function.

Table 4,20 Price Limits ($) of the Final Assets Activity
Plan Price of Lower Limiting Upper Limiting
Final Price Variable Price Variable
Assets Limit Limit
Activity
1 2.000 O.447 | Asparagus land 2.150 | Asparagus land
transfer3 transfer1
2 0.446 0.369 | Annual O.447 | Hire Spring
cropland labour5
transfer5
3 0. 368 0.357 | Annual 0.369 | Asparagus land
cropland tran_sfer3
transfer6
b 04356 0. 346 Asparagu54 0.357 Spring labour
disposal4
5 0.345 0.3%39 | Asparagus land 0.346 Asparagusg
transfer
3
Note: Subscripts attached to activities denote the year: e.g.

asparagus, is the asparagus activity of year four.

Table 4,20 gives the upper and lower limits of the final assets
5/
price, plus the activities which would enter the basis should these
limits be exceeded. For example, when the price of the final assets
activity is reduced from $0.447 to $0.446, the asparagus land transfer

activity of year 3 will enter the basis and Plan 2 of the parametric

solution is obtained.

41, See Chapter 2, section 2.1.11.1,.



Table 4,21

Crop Activity Levels (acres) Which Vary in the

Parametric Solution
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Activity Plan 1 Plan 2 | Plan 3 | Plan 4 | Plan 5
P16,2 : old asparagus, - 7.0 6.8 14,8 23.1
P18,2 : asparagus, 24,0 17.0 172 9.2 0.9
P16,3 : old asparagus, - - 6e8 14.8 23.1
P18,3 : asparagus3 - 7.0 - - -
Pqé‘q : old asparagus, - - 6.8 14.8 150
P18,4 : asparagus, - - - - 8e1
P16,5 : old aSparaguss - - - L,9 9.3
P18,5 : asparagusg = = 68 10,1 567
P16,6 : old asparagusg - - - - 9.3
P18,6 : asparagusg B - - L.7 -

Note: These activity levels will remain constant for all prices of the

final assets activity between the upper and lower limits for the

appropriate plan (as given in table 4.20).

For example, 24.0

acres of asparagus will be planted in the second year, for any
price of the final assets activity between $0.447 and $2.150.

When presented with the five plans the farm manager considered

Plan 4 to be the most suitable, with asparagus replacement continuing

until the

sixth year.

The following sections will therefore discuss

only this plan in detail, and the level of activities in the other four

plans can be found by reference to both Plan 4 (section 4.8.2) and table

4 .21 (which presents the levels of only those activities which differ

from one plan to another),

Table 4.22 contains the value of the objective function for each

of the five parametric plans.

The value of tax-free cash available at

the end of the planning period increases, and the value of final assets
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decreases, as the price of the final assets activity relative to that of

the final tax-free cash activity is reduced.

Table 44,22 Values of the Objective Function in the Parametric
Solution
Plan Price of Final Components of Objective Function
Assets Relative
to Final Cash Value of Final|Value of Final Total
Tax=-Free Cash Assets
($) (%) (%) (%)
1 2.000 77,812 1,422,060 1,499,872
2 0.446 78,064 316,868 394,932
3 0.368 79,131 260,388 539,519
4 0.356 80,949 250,085 331,034
5 0.345 82,957 240,357 323,314
Note: It should be remembered that 'assets' as used in the present

model refer only to plantings of perennial crops, and do not
include the value of fixed assets such as land, buildings

and machinery, or assets acquired according to a pre-determined
pattern, such as the apple packing shed.

The value of final assets is a weighted value, and will only equal
the present value of future income from perennial crops when this weight
is equal to unity. Thus for Plan 1, the weight (or price) attached to
the final assets activity is $2.000, so that the present value (at the
end of the planning period) of future income from perennial crops will
be $711,030. The corresponding value for Plan 5 is $696,687, or the
value of the final assets activity divided by the 'price' of this

activity.
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o842 Activity levels:Plan 4

4o8.2.1 Intercropped and annual cropping activities

Table 4,23 gives the levels of all intercropped and annual cropping

activities in the optimum solution for each year of the planning period.

Table 4.23 Intercropped and Annual Cropping Activities (acres)
- Plan 4
Activity Year Year Year Year Year Year
1 2 3 iy 5 6
P1 " : intercrop beetroot 7.0 Tel 7.0 7.0 - -
]
P3 i ¢ intercrop kumara - - 8.0 - - -
]
Ph o intercrop mangold 0.5 8.0 - 0.5 - -
P6 o tomato 18.4 17.9 15.9 144 129 129
%
P? @ green bean 27.0 | 24.8 | 21.0 | 15.0 9.0 9.0
]
PB,k : beetroot - - - - 7.0 7.0
P10,k: pea 8.5 L2 - - - =
P,, ¢ carrot 3.6 3.6 3.6 3.6 346 3.6
L]
P12 k: broad bean - kumara - 5.0 5.0 5.0 5+ 0 5.0
. )
P13 k: kumara 19.5 19.0 110 19.0 19.0 19.0
7
P1q'k: mangold 7¢5 - 8.0 7:5 8.0 8.0

Note: All tomato (P6), green bean (P7), beetroot (F8) and pea (P10)
crops are followed with a greencrop grazed by hoggets.

The beetroot, mangold and carrot crops are at the maximum level
in each of the six years, with part or all of the beetroot and mangold
crops being intercropped amongst young apple plantings in some years.

The broad bean - kumara activity, although omitted from the
first year's cropping programme, is at the maximum level of five acres

in all succeeding years and total kumara plantings are at the maximum
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df 24 acres in each of the latter five years. The acreages of tomatoes
and green beans are reduced each year until the fifth when they become
stable at 12.9 and 9.0 acres respectively. The pea activity is included
for the first two years only, whilst the potato and ryegrass activities

have been excluded from the cropping programmes of all years.

4L,8.2.2 Perennial crops and land transfer activities

Table 4.24 contains the acreapes of new perennial crops to be

42/

planted, that of the existing perennial crops, and the level of the land

transfer activities in each year of the planning period.

Table 4.24 Perennial Crops and Land Transfer Activities (acres)
- Plan 4
Activity Year Year | Year Year | Year Year
1 2 3 - 5 6
P, ¢ ©ld asparagus 24,0 | 14.8 | 14.8 | 14.8 L,7 -
L]
P1? g 8 old peach-- 2540 25.0 | 25.0 25.0 25.0 25.0
L]
P : asparagus 12.0 9.2 - - 10.1 Le?7
18,k
P20 kG annual cropland
o transfer 22.0 | 19.2 | 10.0 - 101 Le7
P21 g @ asparagus land
¥ transfer - 9.2 - - 10,1 4,7

In the first year 10.0 acres of apples and 12.0 acres of asparagus

are planted, which requires 22.0 acres of land to be transferred to the

La2. These include four acres of young asparagus and 30 acres of young
apples, (see section 4.2.2) in addition to the old peach and old
asparagus activities.




164

perennial cropland resource by the annual cropland transfer activity.

In the second year 9.2 acres of the old asparagus activity are dug out
and this land is transferred by the asparagus land transfer activity

to the year two supply of annual cropland. New plantings of perennials
made in the second year are asparagus (9.2 acres) and apples (10.0
acres), which requires 19.2 acres of land to be transferred to perennial
cropland by the year two annual cropland transfer activity.

A further 10.0 acres of apples are planted in the third year,
reflecting the high potential profit from semi-intensive apple planﬁings.
(The 30.0 acres are planted in the shortest time possible, even though
each dollar of future income from this activity, discounted to the end
of the planning period, is given a value of only 35.6 cents in the
objective function).q

In the fifth year, 10.1 acres of the old asparagus activity are
removed and a similar acreage of asparagus is planted. Finally, the
remaining 4.7 acres of old asparagus are removed and replaced during
the sixth year. Thus all of the o0ld asparagus activity has been removed
during the planning period, with the maximum asparagus area of 36.0

acres present in each year.

L48.243 Activities to hire labour

The requirements of the optimum programme for labour are such that
labour must be hired to supplement the permanent staff in each season of
the development period, with the exceptions of the Spring seasons of

year's one to five., Table 4.25 indicates the number of hours of labour

L4z, That is, the price of the final assets activity is $0.356, compared
with a price of $1.000 for the final tax-free cash activity.




165

which must be hired at different stapges of the planning period.

Table 4.25 Labour to be Hired (hours) - Plan 4

Activity Year Year Year Year Year Year

1 2 3 4 5 6

ch - hire Spring labour - - - - - 398
]

P25 i ¢ hire Summer labour 3,676 | 5,101 | 4,849 | 6,479 | 8,605 |10, 781
1,

P26 x @ hire Autumn labour 757 | 2,845 [3,941 | 5,100 [7,398 | 9,031
L ]

P27 x @ hire Winter labour k,392 (5,887 |6,881 | 7,275 |8,695| 9,553

Generally, seasonal labour reguirements increase from one year to
the next. The greatest increase over the six-year period is for labour
in Autumn, with one extra man per week required during the Autumn of
year one (assuming a work rate of 50 hours per week), increasing to 14
extra men per week in the sixth year. This is mainly for fruit harvest-
ing, the labour requirements of which rise from year to year as product-
ion increases. There are also considerable increases in the require-
ments for labour during Summer and Winter due to fruit crop thinning,
fruit harvesting and tree pruning, the labour requirements of which

increase as the trees approach full production.

4,8.2.4 Cash flows and taxation

The cash flows of the optimum programme are set out, year by Year,
in table 4.26. The tax-free cash available at the beginning of a year is
used to meet the variable costs of the cropping programme for that year,
with any balance invested (by way of the Bank activities) at a six percent

rate of return. Tax-deductible expenditures (which comprise both variable
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Table 4,26 Cash Flows and Taxation ($) - Plan 4
Ttem Year Year Year Year Year Year
1 2 3 L 5 6
Tax-free cash at
beginning of year 27,000 | 33,530 | 41,974 | 52,757 45,218 61,548
Variable costs 27,000 | 31,792 | 31,873 33,620 39,136 | 44,823
Cash banked - 1,738 110,101 | 19,137 6,082 16,725
Pre-tax cash
receipts 79,087 189,767 |97,045(103,956 113,487 | 125,619
Tax-deductible
expendi tures: :
Variable costs 27,000 | 31,792 | 31,873| 33,620 39,136 | 44,823
Overhead costs 39,026 | 39,026 |39,026| 39,026 42,826 | 40,566
Total deductions |[66,026 (70,818 | 70,899| 72,646 81,962 | 85,389
Assessable farm
income 13,061 | 18,949 | 26,146 | 31,310 31,525 | 40,230
Tax payments 6,341 [ 10,315 | 15,173| 18,659 18,805 | 24,679
Tax-free cash
receipts 72,746 | 79,452 | 81,872 85,297 94,682 | 100,940
Less total cash
withdrawals 39,216 | 39,216 | 39,216| 59,216 39,216 | 36,716
Plus cash in bank o 1,738 | 10,101| 19,137 6,082 16,725
Gives tax-free
cash available at
beginning of next | 33,530 | 41,974 | 52,757 45,218 61,548 | 80,949
year

Notes: Te

Total cash withdrawals equal the sum of cash overhead

payments and the owner's drawings, plus $20,000 for

the packing shed at the end of year four.

2. The assumption was made (when taxation was discussed
in section 4.3.6.7) that the farmer would always have
This assumption is

a credit bank balance of $1000,
violated only in the first year, but the resulting

inaccuracy in the tax calculations would be negligible.
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and overhead costs) are deducted from pre-tax cash receipts to obtain
assessable farm income. Tax payments are then calculated and deducted
from pre-tax cash receipts to obtain tax-free cash receipts. Tax-free
cash available at the beginning of the following year is calculated by
deducting the cash components of overhead costs and other withdrawals
of tax-free cash from, and adding the amount of tax-free cash in the
Bank to, tax-free cash receipts.

It can be noted from table 4.26 that $80,949 of tax-free cash is
available at the end of the planning period to cover production costs
and cash withdrawals in the following year, (and also to contribute
towards repayment of the farm manager's bank loan).

The net cash surplus from each year's cropping programme can be

determined by deducting tax payments and the farmer's drawings (which

include $2,500 per annum, plus $20,000 at the end of the fourth year)

from assessable farm income. The farmer's cash surplus has increased

from $4,220 at the end of the first year, to $13,051 at the end of the
sixth year.

The available supply of tax-free cash will increase from one year
to the next by an amount equal to the cash surplus plus depreciation
costs (the latter are not covered in the model by cash withdrawals).
For example, tax-free cash available at the beginning of the second year
is $6,530 greater than that available at the beginning of the develop-
ment period. This cash increase is equal to the cash surplus of the
first year ($4,220) plus year one depreciation costs ($2,310, as in

table 4.9).
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48,3 Value of the objective functionjPlan 4

At the end of the six-year period, the programme has generated
$80,949 of tax-free cash, and the present value (at the end of the sixth
year) of future net revenue from the perennial crops planted during the
planning period is $702,487. However, since one dollar's worth of
'assets' is valued in Plan 4 at 35.6 cents, the value of the objective
function is:

tax-free cash + final assets

($80,949 x $1)+ ($702,487 x $0,356)

$331,03k4 (4=7)

4,8.4  Resources in disposal: Plan U

Table 4.27 includes the levels of all disposal activities in the
optimum basis.

Since the cropland transfer control restraint has an initial
supply of 106.5 acres and 22.0 acres of annual cropland are transferred
to perennials in the first year, only 84.5 acres of annual cropland
remain to be transferred to perennials. Hence the level of the
corresponding disposal activity represents the sﬁﬁply of annual cropland
which remains available for perennial plantings.__/

Potatoes and ryegrass for seed are not grown in any year and the
corresponding disposal levels are equal to the potato and ryegrass

cropping limits respectively. The disposal levels of the other crops

indicate by how much the cropping limit exceeds the actual acreage cropped.

L, The level of the cropland transfer control disposal activity increases
by 9.2 acres from year three to year four since this represents the
9.2 acres of asparagus which was removed in year two, sown with
annual crops for two years, and then became available for perennial
plantings in the fourth year.
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the above restraintse.

Table 4.22 Resources in Disposal - Plan 4
Disposal Activity Unit Year Year Year Year Year Year
1 2 3 L 5 6
R ¢ cropland
Tk transfer
control 1 acre 84.5 65.3 | 55.3 | 64.5 | 54.4 49,7
Rg B Spring labour |1 hour |413.6 [1097.1 | 883.7 - - -
L
R13 K potato limit [1 ton 70.0 70.0 70,0 70.0 70,0 70.0
L ]
R,¢ i ¢ tomato limit |1 acre 2.6 3e1 5l 6.6 8.1 8.1
1
R17 K& Breen bean
1 limit 1 acre - 242 6.0 | 12,0 | 18.0 | 18.0
R,g ¢ pea limit 1 acre | 10.5 4.8 | 19.0 | 19.0 | 19.0 | 19.0
b
R19 k: broad bean
» limit 1 acre 5.0 - - - - -
Rao,k’ kumara limit |1 acre 4.5 - - - - -
R22 k: ryegrass
: limit 1 acre 12.0 12.0 12.0 12.0 12.0 12.0
R : apple limit,
23,4 year kL 1 acre 10.0
R ! apple limit
2342 year 5 1 acre 10.0
R : apple limit
23,6 year 6 1 acre 10.0
R : rotation
€23k “1imit on
carrots 1 acre 776 7541 65.1 57+6 | 50:1 5041
R : rotation
26,k limit on
peas 1 acre 59.1 62.0| 6h4.5 64,5 | 64.5 64.5
R : rotation
27k limit on
green beans | 1 acre %e5 - 1.5 19.5 375 37.5
Note: The disposal activities in the basis are those corresponding to
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The rotation 1imit disposal activities have the following
interpretation, using the rotation limit on green beans as an example.
The supply of this restraint in year one will egual 106.5 acres less
22.0 acres transferred to perennial crops, or 84.5 acres, and the green
bean crop cannot, therefore, exceed one-third of 84.5 acres. However
the green bean crop in the first year (27.0 acres) is one-third of 81.0
acres, which leaves 3.5 acres of the green bean rotation limit in

disposal.

4.8.5 Value of resources:Plan 4

§i8e5471 Introduction

Many of the shadow prices have little or no practical meaning as
far as the management of the holding is concerned. For example, the
value imputed to the peach land restraint of year one is of limited use
since the grower is not interested in buying more land planted with
seven-year-old peaches. ILikewise, it is not practical to speak of
increasing the supply of intercropping land or perennial cropland in any
year. Uhat is meaningful to the farm operator is increasing the supply

of annual cropland which may then be transferred to perennial crops and

perhaps intercropped, if this is the optimal use for such extra land.

The shadow prices of the pre-tax cash receipts, tax deductions
and tax limits restraints are also of little value unless the farmer can
receive income from non-farm sources, or has not fully described his tax-
deductible expenditures. Varying the tax limits is beyond the control of
the farmer, since taxation is a matter of law. However, the grower would
be interested in knowing by how much an extra dollar of tax-free cash at
the beginning of any year would increase tax-free cash available at the

end of the planning period.
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The shadow prices are also somewhat different to the marginal
value products obtained in Chapter 3, since they refer to tax-free
gains, and often refer to a period of time greater than one year.

A1l shadow prices of interest are presented in the following

sections.

4,8.5.2 Annual cropland restraints

The values imputed to the annual cropland restraints for each

year are:
year : $285.11 per acre,
year 2 : $247.49 0 " .
year 3 3 $214.97 " L
year 4 3 $156.51 " "
year 5 $99.36 " " and
year 6 ; $L3.94 M ",

45/

For example, should the grower obtain an extra acre of land at

the beginning of the planning period, the value of the objective function

46/

would increase by $285.11.

4L,8,5.3 Labour restraints

The values imputed to the effective labour restraints are given

in table j'|'0280

45, Unit increases in crops will be referred to throughout the

discussion, although the limit  to which a shadow price will remain

constant may well be less than one unit of the activity.

L6. Providing the final simplex tableau could be obtained, the annual
cropland (year one) disposal activity would indicate exactly how the

$285.11 was earned. It should also be noted that increasing the
supply of annual cropland in the first year also increases the
supply available in all other years. (The I.B.M. 1620-13%11 L.P.
System does not provide the final simplex tableau, and neither
does it give the limits over which the shadow prices remain
constant).
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Table 4.28 Labour Shadow Prices ($ per hour)
- Flan 4
Restraint Year Year Year Year Year | Year
1 2 3 it 5 6
R8 k Spring labour - - - 0,01 0.05 | 0.25
L |
R9 e ¢ Summer labour O.lly 0.27 | 0.26 | 0426 | 0.25 | 0.25
?
Riy 4 ¢ Autumn labour 0. 44 0e27 | 0.26 | 0.26 | 0.25 | 0.25
L]
Ryq i ¢ lidnter labour Oubh 0e27 | 0.26 | 0.26 | 0.25 | 0.25
L]

Should the grower add one hour of labour to his permanent staff
during the Summer of year one, the value of the objective function would
increase by 44 cents. However, should he obtzin this labour in the

sixth year the objective function value would increase by only 25 cents.

4,8.5.4 Process and fresh market crop restraints

Table 4.29 gives the values imputed to the effective process and
fresh market crop acreare restraints.

The values imputed to the asparagus cropping limits, except that

of the sixth year, have little practical meaning since asparagus is a
perennial crop and the contract would not normally be increased one
year and reduced the next, as can the contracts for annual crops.

Should the grower have the opportunity to increase the acreage
of some process crops, beetroot and carrot would be the most profitable
to expand, although increasing the kumara cropping limit generally

&7/

appears even more attractive. Finally, it would appear that making

47, However, the grower mentioned earlier that marketing difficulties
were to be expected if a greater acreage of kumara was grown,
(See section L4.3.4),
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further plantinge of apples over the six year period would be approximate-

ly four times more profitable than making further plantings of asparagus.

Table 4,29 Shadow Prices ($ vper acre) of Process and Market

Crop Restraints - Plan 4

Restraint Year Year Year Year Year Year
1 2 3 L 5 6
R12 Kk : beetroot 48,83 81.95 53%.91 52.10 45,57 2L .37
L ]
R.”+ x @ asparagus - - - - - 1,112.34
R15 k | carrot 32.53 | 80.91 | 52.89 | 51.85 | 50.68 48.85
]
R1 : green bean 16.35 - - - - -
7.k
R19 K ° broad bean - 30.55 29.97 29.61 30.17 35.09
*
R,o i ¢ kumara - 85.82 | 57.70 | 56.26 | 53.39 43.59
R,, ) ¢ mangold 43,84 | 57.46 | 29.89 | 28.63 | 24.40 5.97
R39,6 : total apple 4,369.56
Note: The shadow prices of the carrot cropping limit restraints have

been converted to a per acre basis (by multiplying by the yield
of carrots in tons per acre) to allow a more convenient comparison
with the other crops.

b o855 Tax-free cash restraints

This group of shadow prices is most interesting since it indicates
the extra tax-free cash the farmer would obtain at the end of the
planning periocd for an extra dollar of tax-free cash invested in the
holding (or banked) at any stage during the planning period.

The values imputed to the 'tax-free cash - beginning of year k'
restraints are:

beginning of year 1 : $1.35

" " year 2 : $1.10
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beginning of year 3 : $1.08
" " year 4 : $1.06
n " year 5 : $1.04, and
" " year 6 : $1.02.

For example, an extra dollar of tax-free cash available at the
beginning of the development period would increase the value of the
objective function (which includes tax-free cash available at the end
of the sixth year) by $1.35.

Since some cash is banked during each year except the first
(see table 4.26) any extra cash made available in these years would
also be banked, so that the supply of tax-free cash available at the
beginning of the first year is the only tax-free cash restraint which
limits the development progcramme.

This is also indicated by the above shadow prices, which show a
tax-free simple rate of return of 2% per annum from the second year.
Since the maximum tax rate in the model leaves %2.5 cents for every
dollar taxed (that is, approximately one-third), only 2% (one third)
of the 6% interest earned by any extra cash in the Bank activity would

remain after tax.

4,8.6 Opportunity costs of growing excluded crops:Plan 4

The marginal opportunity costs of including non-basic cropping
activities in the optimum programme are given in table k4.30.

Many non-basic cropping activities may be forced into the optimum
programme (should the grower desire this) causing only a small reduction
in the value of the objective function. Crops such as carrot and beet-
root may be either intercropped or not with very little effect on the

value of the objective function. Including potatoes, ryegrass for seed
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or feas in the programme has a slightly larger effect on the objective
function. For example, should the grower wish to plant an acre of
potatoes in the second year, the objective function would be reduced

by over $43%., Such changes in the objective function are still small,
however, and it would appear that the grower may be able to alter his
cropping programme (if contracts change, for example) with little effect

L8/

on the overall profitability of the development programme.

Table 4.30 Marginal Opportunity Costs ($) of Growing Non-Basic
Crops = Plan &4

Activity Year Year Year Year Year Year
1 2 3 4 5 6

P2,k : intercrop carrot 0 0.28| 0.28 0.27 1.65 1.69
P3'k : intercrop kumara 0 - - 0 1.38 T.43
Ph,k : intercrop mangold - - 0 - 1.38 143
PS,k : intercrop potato 12.81 | 43.39 | 42.56 | 41.67 | 41.86| 39.21
P8,k : beetroot 3,54 1.45 1.42 1.40 - -
pg,k : potato 12.81 | 43.39 | 42.56 | 41.67 | LO.48| 37.78
P,]O'k: pea - - 26.47 | 25.98 | 25.55| 25.37
P12,k: broad bean - kumara| 9.22 - - - - -
qu’k: ryegrass 563 | 6.26| 32.67 | 31.99 | 31.35| 30.63
P¢6,k: old asparagus - - - - - 2.61
P18,k: asparagus - - - 4,01 - -
P19,k= apple - - - - 206.85| 437.28

Note: Some crops which were not included in the farm plans alsoc do not
appear in the above table, since such crops were included in the
basis at a zero level. Examples are intercropped kumara (year
two), asparagus (year three) and apple (year four).

L8. The opportunity costs apply only when one crop is forced into the
basis at a time and also remain constant only up to some limit.
Hence if many contracts change, or one changes by an amount great-
er than the limit, a new optimum basis would need be computed.
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Should the farm manager decide to retain an acre of old asparagus
for cropping in the sixth year (instead of digging it out), the value of
the objective function would fall by only $2.61. Or should he plant an
acre of apples in year five rather than an earlier year, the objective
function will decrease by over 5200, this being the difference (at the
end of the development period) between the asset value and cash earnings

of the new planting and the replaced (earlier) planting.

4,9 Effect of Varying the Length of the Flanning Horizon

Since capital budgeting involves the planning of cash allocations
over a series of time periods, the farm manager may want to know how far
into the future such capital budgeting should be carried.

To find the effect of varying the length of the planning horizon,
the programme, with 2 price on the final assets activity of $0.356 (that
is, Plan 4 of section 4.8) was shortened from a six-year planning period
to first a five-year and then a four-year planning horizon.

Lo/

Candler has surgested that the planning horizon should be extend-
ed until investment decisions in the first time period become insensitive
to further extensions of the planning horizon. The author, however,
found that although the first year's cropping programmes for the four-
year and five-year planning horizon models were similar to that of the
six-year model, the cropping programmes in the following years differed.

Such differences between the four-year, five-year and six-year

planning horizon models affected only the rate at which the old asparagus

activity was replaced. In the four-year horizon model,the only asparagws refaned

49, Personal communication.
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is 0.9 acre in the third year. \When the planning horizon is extended
to five years, 0.9 acre of asparagus is replanted in year three and
8.1 acres in year four. (4nd as discussed in section 4.8, the six-
year horizon model replaces 9.2 acres of asparagus in year two, with
no new plantings in either the third or fourth years).

To summarise then, if the farm operator considered 2 planning
horizon of four years, the old asparagus activity would comprise 23.71
acres at the end of that period. If he budgeted his funds over five
years the old asparagus activity would comprise 15.0 acres at the end
of the fourth year, and if he planned over a six-year period, the
level of this activity would be 14.8 acres at the end of the fourth

2/

year.

4,10 Discussion on the Programming Results

4.70.71 Physical plans and problems with changed contracts

The farm manager stated that Plan 4 (discussed in section 4.8)
was the most suitable since it contained the asparagus replacement
pattern most suitable to him. Apart from this, other aspects of the
cropping programme which appealed to the grower were that the beetroot,
carrot and broad bean crops were included up to the limit of the cropping
restraints, and that votatoes and ryegrass (for seed) had been excluded
in each year, Although he agreed with a gradual reduction in the tomato
crop, the grower would prefer no tomatoes at all in the sixth year since

harvesting of this crop would clash with apple harvesting and problems

50. The author intended to extend the planning horizon beyond six
years, but unfortunately a lack of time prevented any further
Masterate research with the model.
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associated with the supervision of labour were foreseen. He would
therefore prefer to replace the 12.9 acres of tomatoes in year six
with green beans.

The strongest complaint the farmer had against following a set
programme was that although he would like to put Plan 4 into operation,
future changes in contracts would make the optimum programme infeasible.
For example, the contract for green beans had been changed from 27 to
30 acres, that for peas from 19 to 31 acres, and that for carrots from
60 to 35 tons, while the model was being set up and solved.

It is not difficult, though, to recognise that in situations
where contracts (or any other restraints, prices, costs, yields or
input-output coefficients) are changed, linear programming can become
a most useful analytical tool in that the impact of the change can be
readily determined by solution of the altered problem and the new
optimum solution returned to the farm operator with a minimum of delay.

Since the model was formulated, lower-than-expected market
realisations from the kumara and mangold crops had persuaded the grower
to reduce the acreage of these crops in the coming season from 24 to 12
acres, and eight to five acres, respectively.

Plan 4 requires that the acreage of peas falls to 4.2 acres (in
year two) and that of green beans to 9.0 acres (in year's five and six).
In practice, the acreage of these crops would need to be at least 10
acres to make mechanical harvesting worthwhile. The grower mentioned
that the plan could be modified by replacing tomatoes with green beans
in year's five and six, bringing the size of the latter crop to almost
22 acres in each of those years.

A problem, which could easily have been avoided, arose when the

grower mentioned that apples could not be planted until the third year
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since trees on Malling-Merton 106 rootstocks had to be ordered two to
three years in advance. (Had the author been aware of this earlier,
the model would not have included apple activities in either of the

first two years).

4,10.2 Resource us and disposal levels

Although the calculation within the programme of labour require-
ments was necessary for purposes of cash budgeting, the grower thought
that such information would be of little use to his management.
Seasonal labour requirements were interesting to him in that they gave
some idea of the size of the labour force which would be required in
future years, although problems due to aggregation of labour into
seasonal periods meant this information was of little use in planning
future labour requirements. The aggregation problem can be overcome
simply by dividing the labour supply into shorter periods (at the
expense of a much larger model), but even so, the grower decided that
monthly labour requirements may not be of much application in his
management since he finds it difficult to plan zhead as regards labour
requirements. This is because planting and harvesting dates for
process crops are not known at the beginning of the seascn, let alone
for future years. The grower may have as little as 10 days to obtain
adequate labour (and machinery) for the sowing or harvesting of 2 crop
and under these conditions bottlenecks are likely to occur at any time.
Also, labour planning involves finding the correct type of labour (as
well as a sufficient guantity) and the grower thought the greatest
labour problem over future years would not be obtaining sufficient

labour, but obtaining sufficient skilled labour.
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441043 Problems associated with the variability of input-output

coefficients

The grower was concerned that variability in the cost and gross
revenue coefficients could upset a programme budgeted over a number of
vears. Although the total cost, gross revenue and cash surplus figures
for each year of the development period seemed reasonable to the grower,
he mentioned that a fall in apple prices (for example) could make the
optimum programme infeasible (unless further funds could be borrowed).
The grower was also concerned that variable cost items tend to increase
from year to year, producing a 'price - cost' squeeze. Such a
possibility could be insured against to some extent by including in the
model lower than expected prices, higher than expected costs, and
provision for cash withdrawals in excess of those thought likely to be
required. Also, varizable costs may be increased by a constant proportion
each year to reflect, say, likely rises in a 'farm costs' index.

Another method of overcoming price and cost variability is to
include such variability in the capital budgeting programme by treating
prices and costs as random variables, as proposed by Candler.il/

Further research in this direction is required, however, before such a

possibility becomes practicable.

L.10.k4 Value of resources

Although the grower showed interest in the values imputed to the
process crop restraints, discussion with the processing company indicat-
ed that even though extension of the beetroot and carrot contract limits

appeared profitable on the farm (and the grower would like to see

51. Personal communication.
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increases in these contracts) such changes could not be met by the
company. Hence, the inability to alter contracts to suit the wishes
of a grower reduces somewhat the practical usefulness of their shadow
prices.

The grower believed that budgets indicating how extra land would
be cropped (with such information available from the optimum simplex
tableau, or variable resource programming) would be of great use provid-
ing he was contemplating buying more land. However, he believed he was
more likely to sell land in the future, rather than purchase land. The
reasons for this are firstly, should he experience difficulty in obtain-
ing finance in the future he may sell 1land, and secondly, he considers
that a smaller holding growing mainly tree crops and asparagus will
provide an adequate income without the managerial problems associated
with other process crops.

Similar budgets indicating how extra tax-free cash should be
(optimally) invested would also be most useful in farm management if

the possibility of obtaining such funds in the future becomes likely.

4.10.5 Summary

The model was constructed so as to represent as nearly as possible
the 'real life' management problems of the farm operator. That some
success was achieved was evident, since the optimum solutions appeared
reasonable and feasible to the grower and he said he would like to
follow such a programme. This was not possible though since the 'real
world' problems of variations in prices, costs and cropping contracts
were not incorporated in the linear programming model.

It has been mentioned that these problems could be overcome to
a certain degree by using lower-than-expected prices and higher-than-

expected costs, or resolving the programme after contracts have been
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altered.

Future research into nonlinear programming methods may allow
the incorporation of price and cost variation into the model itself,
with the hope of providing farm plans which may be of somewhat more

use in the field of practical application.




CHAPTER 5

QUADRATIC PROGRAMMING AND PROFIT MAXIMISATICN

Introduction

ive

for

any

The behaviour of many farm firms, such as the horticultural hold-
of Chapter 3, can be realistically approximated as perfectly competit-
in both factor and product markets. The fresh vegetable industry,
example, comprises a large number of relatively small holdings and

single producer is but one of many sellers. Under such conditions

it may be assumed that individual firms cannot affect the price they

receive by changing output levels, and are thus price-takers, the demand

conditions facing such firms being perfectly elastic. In factor markets,

the

larger the number of buyers, the less can any one firm influence the

price it pays for a factor by changing the guantity it uses. Hence farm

firms may also be 'near-perfect' competitors in factor markets.

Although perfect competition is an 'extreme' market structure

which rarely exists, many farm firms may be realistically treated, as

indicated above, as perfect competitors when profit-maximisation is being

studied. Linear programming may then be employed to determine profit-

maximising behaviour since it has been assumed that the market price of

any product is independent of the amount produced, and that marginal

costs of production are unaffected by the quantity of resources
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i/

purchased.

For some nursery firms, however, such conditions of perfect
competition cannot be assumed since changes in output levels may
influence the price received by the firm. I1f so, the demand conditicns
facing the firm will be less than perfectly elastic.

The objective function:

Z z.c i N a maximum,
e i T

will be linear providing the cj (price) values are independent of the
xj (output) levels (that is, if perfect competition is assumed to exist
in product markets). For the imperfectly competitive situation indicated

for a nursery firm, price is a function of the level of output:
g, = f(x.) ,
J J

since the price which the firm can charge if it hopes to sell its entire
output may decrease as the gquantity produced increases. In this case the

objective function becomes:
g = Zf(x.)]x. a maximum;
J[ 3173 ’
which is nonlinezar.

The assumpticn is made in the present chapter that quantity demanded

is a linear function of price so that the objective functien is of
2/
quadratic form. Such an objective function can then be maximised,

1. Situations of falling average revenue and increasing average costs
may be approximated by linear programming - see, for exgmple,
Candler, Wilfred and Musgrave, Warren F., "A Fractical Aipproach to
the Profit Maximisation Froblems in Farm Management', op.cit.

Should the supply function for a factor be downward sloping, however,
the convexity assumption of linear programming would be violated.

2 For a firm producing a single product x, sold at a price p, total
revenue will equal px. If demand for x is linear and the price-
output function is expressed as p = a-bx, total revenue masy be re-
written as (a-bx)x = 2x-bx® which is a quadratic function.
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3/

subject to linear production restraints, by quadratic programming.

s The Approach ldopted

Since nurseries generally produce a large number of different
plant types, a small nursery was required so that production possibilit-
ies could be adequately represented in the quadratic programming matrix.
Difficulty was experienced, however, in locating a small nursery which
could provide sufficient information to allow estimation of the demand
functions.

tlthough such informaticn was obtainable from a larger Taranaki
nursery, its output included over 1,300 different types of plants so
that formulation of the cptimum output for the firm as a whole would be
beyond the capability of available computers. Data was therefore collect-
ed from the nurseryman relating only to z small number of plants and was
used to construct a hypothetical nursery.

LAttention was concentrated on that section of the Taranaki nursery
which preduced glasshouse-propagated plants and in order to reduce the
preoblem to a manageable size, nineteen plants propagated during Spring
or Summer were chosen as activities for the guadratic programme.

The supply of resources on the hypothetical nursery was set equal
to the total requirements of the nineteen activities for the various
nursery resources when produced at the levels of the last season. The
end result was a nursery, which although hypothetical, was based on
'real-life' data and compsrable in size to several nurseries which are

to be found throughout New Zealand.

3. Quadratic programming is discussed in Chapter 2, section 2.2, to
which references will be given as necessary.
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The quadratic programme was formulated and sclved, then, not to
assist the nurseryman to increasse his profits, but rather to illustrate

how such production situations may be handled by guadratic programming,

Se The kzstraints

L Glasshouse restraints

o Beed Fropagating-house (restraints K1 - R13)

Each of the nineteen activities makes use of the heated propagating-
house at some stage during the period from mid-July until the end of
February, and it was necessary to treat the propagating-house as a
separate production restraint over 13 time periods.

The greatest number of plants occupying the propagating-hcuse for
last season's output of the nineteen activities from the Taranaki nursery
was 13,460, during the first half of November. Therefore the capacity of
the propagating-house on the hypothetical nursery was assumed to be 14,000
plants. &Since these restraints are measured in units of 100 plants they

will have a supply of 140 units, and the propagating-house restraints

are:
R1 : July,
R2 : August1
R3 :  August,
RE September,
R5 : September2
b, This treatment of a resource which provides services over a period

of time is no different from the division of the land and labocur
resources inteo various time periods, as in Chapter 3.
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R6 October,

R7 5 October2
R8 November
RO g November2
R10 December1
R11 = December2
R12 = January

R13 February ,

where the subscripts 1 or 2 denote the first or second-half of a month
respectively. Restraint R1, for examrle, ensures that the prop8gating-
house is required to hold no more than 140 hundred plants during the

second half of July.

L1 O Growing-house (restraints R14-R26)

Following propegation the plants are generally transferred from
the heated propagating-house to the unheated growing-house for a further
period, and the growing-house was found to impose a possible restraint
on production during 13 periocds of time. To allow last season's output
of the nineteen plant types to be just feasible the capacity of the
growing-house would need to be 9,420 plants, in which case the glass-
house would be fully occupied during the second half of November. The
capacity of the growing-house on the hypothetical nursery was therefore

assumed to be 10,000 plants, and the growing-house restraints are:

R14% August,
R15 . September1
R16 : September,
R17 5 October1
R18

October2
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R19 g November1
R20 $ Hovember2
R21 : Decamber1
R22 : Decemberz

R23 - January

o
%]
=

Februaryq
R25 z February2

R26 ¢ March - April.

Each of these restraints is measured in units of 100 plants and
has a supply of 100 units. Thus k14, for example, ensures that only
100 hundred plants, at most, occupy the growing-house during the second

half of August.

5/
S5+¢3.1.3 Shade-house (restraints R27 - R36)

After removal from the glasshouses, many of the plant types
require a period of hardening in the shade-house prior to their being
either sold or planted in the open ground to make further growth.

Last season's output of the nineteen activities would have
required a shade-house with a capacity of 8,790 plants, in which case it
would be completely utilised during thes second half of December. The

capacity of the shade-house was set egual to 9,000 plants, and it provides

possible restraints on production over 10 time periods as follows:

R27 $ September

R28 : October - November,

B Strictly, the shade-house (or lathhouse) is not a glasshouse, but a
structure covered with strips of some material (such as wood) to
provide partial protection from sunlight. For convenience, the
shade-house has been grouped with the two glasshouses in the
discussion.
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R29 : November2 .
R30 . December1

R31 t December2

R32 i January1

R33 3 Januarya

R34 February,

R35 $ February2

R36 : March1

Each restraint is measured in units of 100 plants and has a

resource supply of 90 units.

5.3.2 Labour (restraints R37 - R41)

The total labour supply is represented by five restraints, with
the supply of labour over the Spring - Summer propagating season divided
into three, two-month periods, aznd the labour supply of the rewmaining
six months of the year divided into two periocds of three months each.

Once the total labour requirements of the nineteen activities at
last season's output levels had been determined, it appeared that a
labour supply of the nurseryman working 44 hours per week and one woman
working 25 hours per week would have been sufficient in the previous
season., Furthermore, such a labour force represented a typical staff
for nurseries of similar size to the hypothetical firm.

For every eight hours worked by the nursery manager, it wgs assumed
that one and a half hours would be taken up on such jobs as cleaning sheds
and glasshouses, washing containers, watering and spraying plants in the
glasshouses and attending to ventilation and heating. After making
provision for this overhead labour, the nurseryman would supply éﬁly

35.75 hours of labour per week to the total labour available to the
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activities of the quadratic programme.
The five labour restraints and rescurce supplies are to be found

in table 5.1.

Table 5.1 Labour Restraints
Labour Restraint Unit Hesource Supply
R37 :  August - September 1 hour 526
R38 : October - November 1 hour 526
R39 : December - January 1 hour 526
R40 : February - April 1 hour 789
RlU1 : May - July 1 hour 789

Note: OCne month was taken as 4.33 weeks in determining labour supplies.

| L, S, Land (restraint Rb42)

The area of land reguired by the nineteen activities at the
precduction levels of the past season was 1.10 acres, or approximately
5,400 square yards, which is reasonable for a nursery of similar size
to the hypothetical holding. Therefore R42 is a land restraint with a

6/
supply of 5,400 square yards.

5.3.4 Summary of resource supplies on the hypothetical nursery

The resources included in the guadratic programme are a heated
propegating-house with a capacity of 14,000 plants, an unheated glass-

house with a capacity of 10,000 plants and a shade-house which can hold

5. This land supply refers to cultivated land only, and does not
include any land occupied by glasshouses or other buildings,
outdoor frames or sawdust beds.
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up to 9,000 plants. The labour force consists of the manager plus one
woman, and just over cne acre of land is available.

These resources were assumed to limit production of all plant
types sooner than would other resources such as soils and containers,
a soil sterilization unit, stocl-beds to provide cutting material,
outdoor frames and work sheds. iHence the latter group of resources
were assumed to be in more than adequate supply on the hypothetical
nursery so did not require inclusion as restraints in the programming

matrix.

5.4 The Activities

Selta Telopea speciosissima (P1)

Seed is sown in trays towards the end of July and placed in the
proragating-house to germinate. The trays are then transferred to the
growing-house for a fortnight, and then to the shade-house. By the end
of September the young plants will be sufficiently hardened to be plant-
ed in the open ground. The plants are lifted during the following
August and replanted at a wider spacing where they remain for one year,

being wrenched, lifted and sold in the following winter.

S5.4.2 Acacia baileyana (P2)

Lcacia is raised from seed sown in August. After one month in
the propagating-house the plants are set out in three-inch diameter

containers and moved to the growing-house. After four to six weeks

e The plants are spaced two inches apart with 15 inches between rows,
this form of planting being referred to as long-row bedding.
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they are repotted into four-inch ccntainers and plunged in open beds of

sawdust, to be sold from March onwards.

S.l.3 Fassiflora 'Crackerjack' (:3)

Stock plants chosen from the previous season's output are held
in the propagating-house from August, to provide cutting material.
The cuttings normally form roots within three weeks, when they are
planted into tubes. (These young plants, as well as the stock plants,
provide cutting material for the next batch of cuttings so that propagat-
ion is a continuous process until the output target is reached). The
plants are repotted into four-inch containers and shifted to the grow-
ing-house for initial hardening. The plants are transferred to outdoor

frames for finsl hardening and sold from November onwards.

S5.4.4 Banksia grandis (F4)

This activity is raised from seed sown during the second half of
August. After one month in the propagating-house the seedtrays are
transferred te the growing-house for two weeks, and then to the shade-
house where hardening-off is completed by mid-November. The plants are
then set through polythene in the open ground where they remain for

about 20 months, being sold during the second winter.

5.4%.5 Fhotinia robusta (E5)

Cuttings are made in September, set in trays, and kept in the
proragating-house until mid-November. They are then shifted into the
growing-house, and a fortnight later into the shade-house where they
remain until the end of December. The plants are then set in fumigated
raised beds where they remain until the following November when the

plants are lifted and set through polythene into the open ground. They
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remain in this position for about 20 months, being sold during the

second winter.

Sels6 Bucalyptus ficifolia (F&)

The husbandry requirements of this activity are similar to those
of Acacia (F2) except that all operations are carried out one month
later. Seed is sown in ceptember and kept in the proragating-house
until mid-October, when the plants are potted into three-inch containers
and transferred to the growing-house where they remain until the end of
November. The plants are then repotted into four-inch containers and

plunged Zn sawdust beds, to be sold from April onwards.

5.4.7 Stachyurus praecox (P7)

Stachyurus is raised from cuttings made in October. They remain
in the propagating-house until mid-November, are transferred to the
growing-house for a fortnight, and are then shifted into the shade-
house for December. The plants are set out in fumigated beds during
January where they remain until the end of September. At this time
they are placed in long-row beds until the following August, and set

out in the open ground for a further year before the plants are sold.

5.4.8 Cistus purpureus 'Brilliancy' (r8)

Cuttings are made in October and kept in the propagating-house
for one month. They are then potted into tubes and transferred to the
growing-house, after which they are shifted to the shade-house for the
first half of December. The plants are then potted into four-inch

containers and plunged in sawdust beds, ready for sale.

5.4.9 Protea cynaroides (F9)

Protea cuttings are made in October and remain in the propégating-
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house until mid-December, when they are potted and shifted to the
growing-house. Hardening-off is completed in the shade-house during
January. The plants are put into four-inch containers during February
and plunged in sawdust beds until the end of September, when they are
set out (through polythene) in the open ground. The plants are ready

for sale during the following winter.

5.4.10 Tibouchina grandiflora (F10)

The cuttings, made towards the end of October, remain in the
propagating-house for four weeks, and are then placed in conlainers
and shifted to the growing-house. In mid-December the plants are
transferred to the shade-house where they are held until the following
spring. The plants are set in long-row beds from October through to
August, and then planted out for one year. During the following

winter the plants are sold.

5.4.11 Azalea indica 'Salmonea' (F11)

Cuttings are made towards the end of October and kept in the
propagating-house for two months, after which they are transferred to
the shade-house. The plants are set in fumigated beds during February
where they remain until the following November, at which time they are
set (through polythene) into the open ground. During the second winter

after being planted out, they are ready for sale.

5.4.12 Viburnum japonicum (P12)

Viburnums are raised from cuttings made during November. The
cuttings are transferred from the propagating-house to the growing-
house in mid-December, and then to the shade-house by the beginning of

January. A fortnight later the plants are set in fumigated beds where
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they remain until the end of Seplember. The plants are placed in long-
row beds in October and then planted out during August, being ready for

sale one year later.

5.4.13 Rhododendron 'Christmas Cheer' (P13)

Cuttings are made in November and remain in the propagating-
house until the end of February. The plants are then transplanted into
containers and shifted to the growing-house for March and April. They
are then transferred to the shade-house where the plants remain until
mid-November when they are planted (through polythene) in the open

ground. About 18 to 20 months later the plants are ready for sale.

S5.4.14  Weigela florida variegata (F14) and Forsythia 'Karlsax' (F15)

Cuttings of both these plants are made in Novemver and by the
beginning of December are ready to be transferred to the growing-house.
The plants are hardened in the shade-house from mid-December until mid-
January aﬁd then set in fumigated beds until the end of September.

They are set out in long-row beds during October, planted out in the

open ground during the following August, and are sold one year later.

5.4.15 Azalea occidentalis (F16)

Cuttings are made in mid-November and held in the propagating-
house until the end of January, after which they are transplanted into
tubes and held for one month in the growing-house. They are then
plunged in sawdust beds until October, when they are set in long-row
beds for a period of one year. In the following October the plants
are set in the open ground for a further two winters before being

ready for sale.
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5.4.16 Magnolia stellata (P17)

The cuttings, made in mid-December, remain in the propagating-
house until the end of January when they are shifted to the growing-
house., The plants are transplanted into tubes during late February
and March and held in the growing-house until the end of April. The
tubes are plunged in open beds until the end of Jeptember, the plants
then being set out (through polythene) in the open ground, where they

remain for two winters before being sold.

5.4.17 Callicarpa dichotoma (F18) and Hypericum 'Hidcote Gold' (F19)

Cuttings of both these activities are made in January and kept
in the prop2g=ting-house for one month, after which they are trans-
ferred to the growing-house for the first half of February. The plants
are then shifted into the shade-house for one month and in mid-March
are set in fumigated beds where they remain until midelovember. The
plants are then placed in long-row beds, and in the following Cctober
they are planted in the open ground until the following winter, when

they will be ready for sale.

S5 Input-Cutput Coefficients

5541 Froblems of multi-period production

As indicated by the previous section, production of most plants
extends over a period exceeding one year. Any programming, then, should

take into account:

(i) the resource supplies and resource requirements of

a producticn plan over a number of years, and




197

(1i) the resocurce requirements over present and future
time periods of those plants whose production was

initiated before the programming was carried out.

Such a situation could be represented in an intertemporal programming
approach with resocurces and activities included for each time peried,
where resources required by those activities already in production
would be deducted from the appropriate resource supply. ouch an
approach, however, would have yie%ded a matrix too large for the
available computation facilities,:/so the following alternative was
adopted.

For those activities with a production period greater than one
year, the total guantity of resources required over the production
period was included in the input-output coefficients per unit of that
activity, and cne unit of an activity which is produced over, say,
three years, would include gplants in their first, second and third
years of growth.g/

This method has the advantage over an intertemporal apgroach in
that a much smaller matrix is required to obtain tiae optimum production
plan, but has the disadvantage that the most profitable progression
from the present plan to the optimum plan will not be indicated to the
nursery manager. (It may take up to four years for the optimum plan to

be fully operational, since only after four years will one-year, two-

year, three-year and four-year-old plants be present in the nursery ).

8. Letivity P16 has the longest production period, almost four years
elapsing from propagation until the plants are sold. Therefore a
period of four years would need to be covered in an intertemporal
model with the number of restraints and activities increased four-
fold-

9. Any plan will then be feasible since sufficient resources will be
available to the one-, two- and three-year-old plants, each of
which will be present in any one year.
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a2 Glasshouse restraints

One unit of any activity (with the exception of lassiflora)
will require one unit of each of the appropriate glasshouse resources
since both activities and glasshouse restraints are defined in units
of 100 plants and the total ocutput of an activity will occupy a glass-
house at the one time. The input-output coefficients will all be equal
to +1.00 and, for exaumple, the reguirement that the propagating-house
contains no more than 140 hundred plants during the second half of

December is met by the inequality:

1.001:;:,',l + ‘1.00;{13 - 1.00:(,.[6 - 1.00:{17 £ 140,

since Azalea indica (F11), Rhododendron (F13), azalea occidentalis (F16)
and Magnolia (F17) are the only plants requiring the Propagating-house
during this pericd.

Unlike other activities, the total output of Fassiflora will not
occupy a glasshouse all at the one time since individual plants are
removed and replaced over a period of months. For example, of last
season's total Fassiflora output of 4,200 plants, only 300 occupied
the propagating-house during August, and 600 during September. In
other words, for every 100 Passiflora plants produced, seven will
occupy the propagating-house during August and 14 during oeptember.
Since this activity is measured in a unit of 100 plants, the input-
output coefficients will be 0.07 and 0.14 respectively, and the
remaining glasshouse coefficients for this activity were calculated

similarly.

5 s | Labour restraints

The nursery manager provided estimates of the labour require-

ments of the various cperations such as making and setting cuttings,




planting-out and preparing the plants for sale, which allowed the labour

coefficients to be derived.
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An example is given in table 5.2, which

indicates the labour required in any one year by the one-, two- and

three-year-old plants of th

Table 5.2

e FPhotinia activity.

Labour Input - Photinia (F5)

Labour Restraint

Operation

Labour Requirement

(hours/100 plants)

First-year plants:

August - September

October - November

n n

December - January

Second-year plants:

October - November

" "

Third-year plants:

October - November
December - January
February - April

May - dJuly

n "

Make cuttings
Shift to growing-house
Shift to shade-house

Transport to, and plant
in beds

Lift from beds

Transport to, and plant
in open ground

Hand-weed and spray

i "

" "

Wrench plants

Prepare plants for sale

1.00
0.10
0.10

0.43

0.24
0.24
0.36
0.07
L.00

The requirements were then summed over each labour restraint to

obtain the labour input-output coefficients which are (per 100 Photinia

plants):
labour required dur
n

ing August - September

October - November

"

1.00 hours

n

1.94




labour required during December - January

"

February - April

May - July

n

1]
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0.67 hours
0.36 n
4,07 M

The labour input-output coefficients for the remaining 18 activit-

ies were calculated in a similar manner.

S5e5. 14 Land restraint

The land input-output coefficients must include the total land

requirements of each age of plant included within an activity. For

example in any one season first-year plants of an activity may be plant-

ed in raised beds, while second-year and third-year plants may be in

long-row beds and planted through polythene respectively.

Table 5.3 gives the area of land occupied by 100 plants for various

planting methods, from which the land input-output coefficients can be

derived.

Table 5.3 FPlanting Methods and Land Requirements

Plarting Method

Flant Spacing

|
|

Land Required by
100 plants

Fumigated raised beds
Long-row beds
Planted in open ground

Planted through
polythene

Flanted through
polythene

2!1
2"
9"

9"

121

apart in 6" rows
apart in 15" rows

apart in 30" rows
x 9", 4 rows per bed

x 12", 3 rows per bed

1

1.04 sq. yds

3.55 " "
20.83 I "

10,42 " n

18.52 1 1"t

Note: Strictly, all the above planting methods are made in the open -
ground (the land resource of section 5.33), and the third
planting method is a normal field spacing of nursery stock in
their final stage of production.
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Husbandry of the Callicarpa activity, for example, requires that
first-year plants be in raised beds from March2 to Nowember1, second-
year plants bLe in long-row beds over the November2 to Septemberz period
and third-year plants cccupy the open ground from October until the
following winter. OSumming these land requirements, then, gives a land
input-output coefficient of 25.42 square yards per unit of the Callicarpa
activity.

Acacia (P2), Fassiflora (P3), Eucalyptus (P6) and Cistus (F8)
require no land since these plants remain in containers until they are

sold.

L L Dominated restraints

Once all input-output coefficients had been derived the restraints
10/
were tested for dominance so that the guadratic programming matrix could
|
|
|

be reduced to the minimum number of rows. The following restraints,

found to be dominated, were excluded from the model:

(i) propagating-house; réstraints R1, R3, R5, R10 and R13,

(ii) growing-house ; restraints R14, R15, R18, R23 and
R25, and

(iii) shade-house ; restraints R29, R33, R34 and R3Z6.

5.6 Matrix of Activity Resource Requirements

Each row of table 5.4 represents a production restraint and each
column includes the per-unit requirements of an activity for the various

resources. Thus resource supplies are entered in the B column and the

10. As in Chapter 3, section 3.6.5.
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Activity Resource Requirements and Resource Supplies

Table 2.“
e = -
i . Q Ul
I o « w w © i o ~ o o
w 1 = = = = o] ) (3] j=3 E
= (o] 1] e =~ s o= E s o (o] 19} =~ -
(o] ) ~ o ~ = o = =1 @ @ = ot o [ &)
o ] © & ot { = = ~ 0 ol o [ = ~ — R o - o Usl
-+ =8 Lal -t (2] ~ r— = = a i 3 @ = (o] Q ] ] (o] o ~
o (o] (4] ()] o~ +2 m (9] 4 +7 (o] ~ 2 o bC w ~ & ~ @
s 2 | 8 £ & 2| 5| £ | & B| #{ % 2| g| 2| 51 8| §| 5| %
o = e oy 5 . 145 7] (& - = <t - (s = =y =g = [ o]
Restraints Unit R P1 P2 P3 Pl 'S P6 F7 P8 PG P10 P11 P12l P13 P14 P15 P16 P17 P18 P19
Fropagating-house:
August 1 100 plants 140 (2| 1.00 [1.00 | 0.07
September 1 1 L 140 | 2 O.14% | 1.00| 1.00 1.00
October 1 " " 140 | » 0.29 1.00 | 1.00 | 1,00 | 1,00 1.00
Cctober 2 " " 140 | » 0.29 1.00 1.00 1.00| 1.00 | 1.00 | 1.00
November 1 " " 140 | » 0.50 1.00 1.00 1,00 | 1.00 | 1.00 1,00 | 1.00 | 1.00 1.00
November 2 " " 140 | 2 0.50 1.00 | 1,00 | 1.00 1,00 | 1.00 | 1.00 1.00 1.00
December 2 " " 140 | » 1.00 1.00 1.00 1,00
January L " 140 | » 1.00 .00 | 1.00 | 1.00 | 1.00
Growing-house:
September 2 100 plants 100 | » 1.00 | 0.07 | 1.00
October 1 B e 100 | » 1.00 | 021
November 1 " " 100 > 0.5@ 1.00 1.00
November 2 L H 100 |3 0438 1.00 1.00 1.00 1.00
December 1 " iy 100 |3 0.63% 1,00 1,00 1.00
December 2 " n 100 | » 0.63 1,00 1.00
February 1 " n 100 | » 0.13 1.00 | 1.00 1.00 | 1.00
March = April " " 100 | >» 1.00 1.00
shade-house:
September 100 plants 90 [» | 1.00 1.00
October-November 1 " " 90 | » 1.00 1.00
December 1 n W 90 (= 0.75 1.00 1.00 1.00
December 2 " " g0 | > 0.25 1.00 1.00 1.00 1.00 1.00
January 1 i " a0 | >» 0.25 1.00 1.00 1.00 1.00 1.00
February 2 " " 50 | > D25 1.00 1.00
Labour:
August-September 1 hour 526 |> | 1.04 [0.61 ]| 0.25| 0.23| 1.00 | 0.13 | 0.84 0.84 0.84 0.84 | 0.84
October-November " " 526 | > | 0.60 [2.10| 0.97 | 1.67| 1.94 | 0.60 | 1.70 1,60 2.37 | 1.60 | 2.41 1.60 | 2.08 | 1.60| 1.60 | 2.9% | 1.41 1.44 1.44
December=January L " 526 | » | 0.10 0.42 | 0.40| 0.67 | 2.170 | 0.70 | 2.20| 0.90 | 0.80 | 0.34 | 0.80 | 0.24 0.80| 0.80| 0.60 | 1.24 410 | 1:10
February-April " " 789 | » | 0.20 |0.88| 1.56| 0.80| 0.36 | 0.88 | 0.20 | 0.88| 2.45 | 0.20 | 0.86 | 0.20 | 1.13 | 0.20| 0.20| 2.90| 0.96 | 0.90 | 0.90
May - July " " 789 [> | 4.15 | 0.88 4,07 4,07 | .88 | 4.07 | 0.88| k@7 | 4.07 | 4.07 | 4,07 | 4,17 | 4.07| 4.07 | 4.07| 5.17 | &4.07 | 4.07
Land: 1 &q. yarq 5400 | » |24.38 20.84 |38.08 25.42 10.42 |24.38 |21.89 |25.42 |37.04 |25.42 | 25.42 | 45.21 | 37.04 |25.42 |25.42

Notes: T Activities P2, P3, P6 and PP are produced and sold within one year and are measured in units of 100 plants.
2 Activities P1, P4 and P9 are produced over two years and one unit of these activities includes 100 one-year-old plants and 100 two-year-old plants.
3 Activities P5, P7, P10 to P15 and P17 to P19 are produced over three years and one unit of these activities includes 100 one-year, 100 two-year and
100 three-year-old plants.
L, Activity P16 is produced over four years and hence one unit includes 100 one-year, 100 two-year, 100 three-year and 100 four-year-old plants,
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input-output coefficients form the body of the matrix.

Bl The Objective Function

Beifal Introduction

Linear dermand functions are estimated for all plant types included

Lo ]

in the model. iAverage variable costs (assumed to remain constant over all
11
levels of output

~

are then deducted from the demand functions to give
average net revenue functions. The latter are then incorporated into a

total net revenue cbjective function.

5742 Lstimation of the demand functions

A more reliable estimate of the linezr demand functions could have
been made had accurate elasticity coefficiénts been available.ES/

The lack of such data meant that to obtain some indication of the
slope of the demand curves, two sets of data had to be used - the past
season's outputs and prices, and the nurseryman's estimate of how much
price would need to be lowered in order to sell (say) an extra 100 plants.
The nurseryman was also asked if the guantity sold of some plants would
affect the demand for others, but found this gquestion difficult to answer.
Because of this measurement problem, it was necessary to assume that cross-

13/
effects did not exist.

11 Hence the nurseryman is assumed to be a perfect competitor in factor
markets - factor prices are unaffected by the quantity of a factor
purchased. However, falling or rising average costs may easily be
incorjorated into a quadratic programming problem providing the cost
functions are linear. See Hadley, G., "Nonlinear and Dynamic FProgramm-
ing", op.cit., pp.243-244,

124 See Louwes, S.L., Boot, J.C.G., and Wage, S., "A Quadratic Programming

Approach to the (Optimal Use of Milk in the Netherlands", Journal of
Farm Economics, vol.49, pp.309-317, 1963. E—
13. such an assumption is probably unrealistic, since the wide range of
ornamental trees and shrubs available would indicate a priori that
significant substitution relationships would be present: s is

also suggested b¥ the high own-price elasticity coefficients mention-
ed in a note to Table 5.%.
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The nurseryman considered that he could sell as much as he
rroduced of nine of the nineteen sctivities, so the demand curves for
these plant types would be horizontal. For the remaining activities he
found it necessary to think in terms of a guite large increase in output
(in most cases an increase of 500 plants zbove last season's output
levels) in order to estimate the new ﬁrices at which the entire output
of these activities could be sold. 4s an illustration, the following
describes the estimation of the linear demand function for the Acacia
(P2) activity.

During the past season, 1000 plants were socld to the wholesale
trade at a price of 55 cents each. The nurseryman then considered that
if output was increased to 1,5C0 plants he would need to lower his price
to 45 cents in order to sell the extra 500 plants, That is, he would
charge 55 cents for aslong as possible (for the first 1,000 plants) and
then reduce the price to sell thec remaining plants. Thus the quantity
- price co-ordinate of 1,500 plants and 45 cents is not a point on the
demand curve because only part of this outvut is sold at a price of 45
cents. Instead, the average revenue obtained from the sale of 1,500
plants needed to be calculated to give the second co-ordinate of the
demand (average revenue) curve.

ﬂ/

This demand function was then estimated as:

14. The equation of a linear demand function is given by:
X, = X
X - x, = 2 1(p-p1)
p2_P1

where p, and x, is one set of price-quantity co-ordinates, and
1 1
p., and x5 is the other.
In the example, Py $55
10 hundred plants
$51.6667 (average revenue from the sale of
1,500 plants), and
15 hundred plants.

al
-
wouon

»
]
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x = 92.50 - 1.50p '
where X = the number of Lcacia plants sold, in hundreds, and
p = the wholesale price per 100 Acacia plants.
13/
The linear demand functicns for all nineteen activities are to

be found in table 5.5.

Saf s Variable costs

Although some variable costs, such as spraying and marketing
materials, are relatively easy to determine on a 'per plant' basis,
others are more difficult. Examples are the costs of potting media
(soils), pots, tubes and trays, and the maintenance of stool-beds which
provide cutting meterials. Apart from being only a very small cost per
plant, these resources provide services over a number of years (for
example, the same soils are used continucusly) end some arbitrary
accounting procedure would need to be adopted to allocate these costs
over the appropriate period of time. Lxclusion of these costs from the
objective function would not affect the optimum allocaticn of resources
to any marked extent, since their total would probably remain almost
constant even though the level of activities may differ from those of
the past season. (That is, even should the optimum plan differ widely
from the nurseryman's plan, about the same number of plants would be
produced, so both plans would require similar quantities of soils and

containers, etc).

15 The functions as presented in table 5.5 are inverse demand functions,
since they express p = f(x) rather than x = f(p). Transposition of
the demand functions was necessary because the problem must be
solved in terms of the x values (as some prices are assumed to
remain constant and hence are already known). The inverse demand
functions will be referred to, though, simply as demand functions.
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Table 5.5 The Demand (Average Revenue) Functions
|
Activity ' Demand Function
(p = a = bx)
1 Telopea B, = 81.78 - D.1220x1
F2 : acacia B, = £1.67 - O.666?x2
F3 Passiflora p5 = 55.00
P4 Banksia Py, = 78.00
P5 Photinia Pg = 60,00
F6 Eucalyptus Pg = 564513 = O-5732x6
P? Stachyurus p? = 65.00
P8 : Cistus Pg = 60,25 - D.952f‘+x8
P9 Protea Pg = 100,00
P10 Tibouchina Piyg = 55.00
P11 Azales indica Py = 71.96 « O.535?x11
P12 : Viburnum Py = 64.67 - 1.5333x12
P13 Rhododendron Pyz = 125.65 = 0.8696x15
P14 leigela Pin = 54,32 - 1.8000514
P15 Forsythia Pqg = 73.01 - 1.3986x15
P16 tzalea occidentalis Pg = 130.00
P17 & Magnolia p1? = 110.00
F18 Callicarpa p,g = 60.00
P19 Hypericum Pig = 62.86 - 0.827‘6x,]9
Note: Own-price demand elasticities (E) may be derived from the linear

demand functions as:

E = E.E .

dp x

Using the means of the two guantity-price co-ordinates, the
estimated demand functions imply elasticity coefficiénts of
between -3.42 and -7.16 for eight of the 10''downward-sloping'
functions. The two remaining coefficients are somewhat higher,
being -9.21 (for Viburnum) and -17.62 (for Telopea).
Such high coefficients would appear reasonable a priori,
especially those between -3 and -7. This is because purchasers
are faced with a wide range of ornamental trees and shrubs from
which to choose, and this type of plant is considered a luxury
rather than a necessity, both of these factors supggesting a
highly elastic demand.




The variable costs per 100 plants, which are assumed to apply no

matter what guantity of the various plants are produced, are given in

table 5.6.
Table 5.6 Variable Costs ($ per 100 plants)
Activity Soil- Weed, Fest Marketing | Total
Fumigating | and Disease Materials
Materials Control

P1 : Telopea 0.04 3.00 3.04
P2 : Acacia 0.02 2.48 2.50
P3 : Passiflora 0.02 2.48 2.50
F4 : Banksia 0.46 3,00 3,46
PS5 : Photinia 0.09 0.8 3.00 5.90
6 :  Eucalyptus 0.02 2.48 255
F? : BStachyurus 0.09 0.0k4 %.00 L iAG I
P8 : Cistus ; _ 0.02 2.48 2450
F9 : Protea | 0.46 3,00 346
P10 : Tibouchina 0.04L 3%.00 3.04
F11 : Azalea indica 0.09 0.46 3.00 3%+955
F12 : Viburnum 0.09 0.04 3,00 L
P13 : Rhododendron 0.81 5.00 3.81
F1h :  Weigela 0.09 0.0k 3.00 Be 15
P15 : Forsythia 0.09 0.04 3.00 3.13
P16 : Azalea occid. 0.06 3400 3.06
P17 : Magnolia 0.81 3.00 3.81
P18 : Callicarpa 0.09 0.0k 2.00 3413
P19 : Hypericum 0.09 0.04 3.00 313

Note: 411 plants in the glasshouses are regularly sprayed with a
fungicide mixture, whilst those planted in the open ground
receive two to four applications per year of fungicide and/
or insecticide mixtures. Weeds are controlled either by
spraying (two to four applications per year) or by planting
through polythene film.
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S5¢7e4 Total net revenue objective function

The demand functions, which relate guantity sold with wholesale
price, may be regarded as average gross revenue functions. To obtain
net revenue, the nursery manager must deduct his variable costs from

the gross revenue received from the sale of plants. That is,

average net revenue = average gross revenue - average variable

costs.

As an example, average net revenue (dollars per 100 plants) from Acacia
(activity P2) is given by:
(61.67 - 0.6667x,) - 2.50
= 59,17 = 0.666?x2

Hence the total net revenue from the sale of Acacias (dollars per 100

plants) is equal to average net revenue times output, or:

B 2
= 9917x, = 0.666?x2.

Similar calculations were carried out for all activities and a total

net revenue function of the form:

-

9 2
total t revenue = X, sy B
ne 3 Z 1[aJxJ j J]

16/

was derived.

16. Thus the objective function is of the form:

% = ax'+ xBy'

with matrix B negative semidefinite (since the value of b in
some demand functions is zero, see table 5.5). The quadratic
programming algorithm explained in Chapter 2, section 2.2.6,
which requires the matrix B to be negative definite, can only
be used if all demand curves are 'downward sloping'.
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Bala5 Overhead costs

Since the programme concerns a hypothetical nursery, little
would be achieved by including hypothetical overhead costs in the
objective function, since such costs glay no role in the short-run
decisicn making of the firm. The overhead costs would include,
however, such items as depreciation, repairs and maintenance on
glasshouses, sheds and equipment, wages of permanent staff, administrst-
ion expenses and land rents, a2s well as those variable costs which are
difficult to allocate amongst output, such as the costs of cutting
material and re-usable plant containers, soils and fertiliser, and
electric power used for heating the propagating house.

17/

5.8 The Solution

5.8.1 Tntroduction

The reader is referred to section 2.2.7 of Chapter 2, where an
economic interpretation is precsented of the valuss given by the final
matrix of the guadratic programming problem. The four important grougs
of data oblained are the operation levels of basic activities, the
marginal opportunity costs of including non-basic activities in the
basis, the marginal revenue products of scarce resocurces and the

quantities of resources which remain unused in the optimum solution.

17 The solution was obtained at Furdue University (Indiana) using
a programme written by Frofessor W.V. Candler, who was the
author's supervisor at that time.
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8.2 Comparicson of the optimum plan and the nurseryman's plan

\n

o
5.0

TN Froduction levels and prices

It will be appareant from study of the objective function
(section 5.7) that a sclution to the quadratic programme will be given
in terms of the %y values. The price which the nurseryman can charge
in order to sell the entire cutput of some activity }j is found by
substituting the appropriate value of xj into the demand function for
that activity.

For example, the value of X5 (the production level of the Acacia
activity) in the optimum basis is 26.4C hundred plants. To obtain the
maximum price which the nurseryman can charge, this vslue is substituted

into the demand function for Acacia as fellows:

P, = 61.67 - 0.6667x2
= 61.67 - 0.6667(26.40)

= L""{'.O?

Therefore profit maximisation requires inter alia the productiocn of
2,540 icacia plants scld at a price of “4 cents each.

The prices and production levels of activities in the optimum
solution are given in table 5.7, as well as the corresponding values
for last season's production of the nineteen activities on the Taranski

18/
nursery.

The prices to be charged for six of the nine real activities in

the optimum solution are similar to those of the nurseryman's plan.

18. Last ceason's production levels and prices for the nineteen
activities on the Taranaki nursery will herealter be referred
to as the proposed management plan of the hypothetical
nurseryman.
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Table 5.7 Qutput and Frices for the Optimum and
the Nurseryman's Flan
Activity Optimum Solution Nurseryman's Flan
Output Frice Cutput Price
(no. of |($/plant)|(no. of |[(3/plant)
plants) plants)

P1 : Telopea 2,974 0.78 3,100 0.78

P2 hcacia 2,640 0.4k 1,000 0.55

F3 : Passiflora 16,000 0.55 4,000 0.55

P4 :  Banksia 5,659 0.78 200 0.78

P5 FPhotinia - - 5,100 0.60

P6 Eucalyptus 1,405 0.48 1,070 0.50

P7 g Stachyurus - - 1,200 0.65

P8 Cistus 595 0.55 550 0.55

F9 Frotea - - 220 1.00

P10 Tibouchina - - 320 0.55

P11 Lzalea indica - - 1,300 0.65

P12 3 Viburnum - - 350 0.60

P13 Rhododendron g0k 1.18 1,800 110

P14 Weigela - - 240 0.50

P15 Forsythia - - 930 0.60
P16 i Azalea

occidentalis 3,769 1.30 300 1.30

P17 s Magnolia 3,933 1.10 1275 1.10

P18 Callicarpa - - 200 0.60

P19 : Hypericum - - 950 0.55

Notes: 1 Activity P9 was included in the optimum solution, but

at a zero level.
2e Although the total output of Passiflora last season

was 4,200 plants (see section 5.5.2), only 4,000 were
sold, the remainder being kept as stock plants to
provide cutting materials.
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It was assumed when the demand functions were estimated that four of
these six activities cculd be produced at any level with no effect on
the price to be charged. Hence the output of Fassiflora (F3) has
increased from 4,000 plants in the nurseryman's plan to 15,000 gflants
in the optimum plan with price remaining constant at 10.55 per glant,
the output of Banksia (F4) has been increased from 200 to 5,659 plants
with price constant at $0.78 per plant, output of Azalea occidentalis
(P1€) has increased from 300 to 3,769 plants at a constant price of
$1.30 each, and the output of Magnolia (F17) has increased from 1,275
plants to 3,933 plants in the optimum solution, with price remaining
at $1.10 per plant.

The differences between the output levels of two further activit-

-

ies in botb the optimum and nurseryman's plans are sufficiently small
to have had 2 negligible effect on prices. Thus the output of Telopea
(P1) has been reduced from 3,100 plants in the nurseryman's plan to
2,974 in the optimum plan with price rising from $0.78 to 30.7815 per
plant, and the output of Cistus (P8) has increased from 550 plants to
595 plants in the optimum plan with a corresponding fall in price of
from $0.55 to $0.5458 per plant.

The prices to be charged for both Acacia (F2) and Eucalyptus
(F6) have fallen, the former from $0.55 in the nurseryman's plan to
$0.44 in the optimum solution (with output increasing from 1,000 to
2,640 plants), and the price of the Eucalyptus activity has fallen
from $0.50 to $0.48 per plént with output increasing from 1,070 to
1,405 plants.

The Rhododendron (P13) price is higher in the optimum solution

than in the nurseryman's plan, a rise from $1.10 to $1.18 per plant

made possible by a reduction in output from 1,800 to 904 plants.
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5.8.2.2 Comparison of net revenue

The total net revenue (total gross revenue less total variable
costs) from the optimum solution is 325,830.90 compared with a total
net revenue from the nurseryman's plan of $15,768.89. Thus guadratic

programming has allowed the (hypothetical) nurseryman to increase his

net revenue by over 70 percent.

T O Comparison of resource requirements

T o P, T Glasshouse restraints

Table 5.8 shows the number of plants which will be occupying the
propagating-house at variocus times in both plans, table 5.9 the number
of plants occugying the growing-house, and table 5.10 gives similar data

for the shade-house.

Table 5.8 Propagating-Eouse Reguirements of the Cptimum and the

Nurseryman's Flan (in numbers of plants)

Propagating-House House Optimum | Nurseryman's Difference
Restraint Capacity Flan Flan
R1 : July, 14,000 2,974 3,100 - 126
R2 : lugust, 14,000 6,750 L, 384 + 2,366
R3 : aAugust, 14,000 9,435 1,484 + 7,951
R4 September1 14,000 9,352 6,942 ¥ 2,490
R5 : September, 14,000 3,693 6,742 - 3,049
R6 c:~c'cc.‘ae:r:-,I 14,000 6,576 9,284 - 2,708
R? : October, 14,000 5,971 9,834 - 4, 663
R8 : November1 14,000 8,904 13,460 - L, 6556
R9 : Nnvembera 14,000 12,673 7,460 + 5,213
R10 : December, 14,000 4,673 3,970 + 703
R11 : December, 14,000 8,606 4,675 + 3,931
R12 : January 14,000 | 8,606 4,525 + 4,081
R13 : February 14,000 90k 1,800 - 896

Note: A4 positive entry in the final column indicates that the optimum
plan has a greater requirement for a resource than has the
nurseryman's plan.
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In neither plan is the propagating-house fully utilised, zlthough

it is almost filled to capacity during November, in the optimum plan,

and during November

for the nurseryman's plan.

1
Table 5.9 Growing-House Reguirements of the Optimum
and the Nurseryman's Flan (in numbers
of plants)
Growing-House House Cptimum Nurseryman's Difference
Restraint Capacity Flan Flan

R1L August, 10,000 2,974 3,100 - 126
R15 : September1 10,000 3. 776 1,284 + 2,492
R16 September., 10,000 9,434 1,484 + 7,950
R17 October, ) 10,000 6,064 1,856 + L, 208
R18 Cctober., 10,000 4,829 1,926 4+ 2,903
R19 Hovembe;i 10,000 10,000 3,620 + 6,380
20 : November, 10,000 8,000 9,420 - T W20
R27 : December: 10,000 10,000 3,990 + 6,010
R22 : December, 10,000 10,000 3,070 + 6,930
R23 January ) 10,000 6,000 1,500 + 4,500
R2b February, 10,000 9,702 3,225 + 6,477
R25 February, 10,000 9,702 2,075 + 7,627
R26 March-ipril 10,000 L 837 3,075 + 1,762

The growing-house is more restrictive on production, containing,

for the optimum plan, the maximum of 10,000 plants during Nowember1 and

all of December, as well as being almost filled to capacity during

September2 and February.

The growing-house is generally under-utilised

by the nurseryman's plan, being filled almost to capacity only during

Novemherg.




215

Shade-House Requirements of the Optimum and the

Nurseryman's Flan (in anumbers of plants)

Shade-House Hcocuse Optimum | Nurseryman's Difference
Restraint Capacity Flan rlan

R27 : Gceptember 2,000 3,878 4,500 = 1,022
R28 : GOctober -

Novewber 3,000 6,563 2,000 + 4,563
R29 NOVemberE 9,000 2,000 500 + 1,500
B30 : December, 9,000 4,595 74850 ~ 3,255
R31 : December, 9,000 4,000 8,790 - 4,790
R32 January , 9,000 L ,000 t,0k0 - Lo
R%% ¢ January, 9,000 4,000 2,520 + 1,480
R34 February, 9,000 4,000 1,000 + 3,000
R35 : Fepruary, 9,000 k,000 2,150 + 1,850
R36 : March, B 3,000 2,000 1,850 + 350

although this resource is almost used to capacity in

FPart of the

nurseryman's plan.

Teble 5.11

shade-house remains unused at all

Land and Labour Reguirements of

December2

times in both plans,

by the

the Optimum

and the Nurseryman's Flan

Resource lesource Cptimum Nurseryman's |Difference
Supply Flan Flan

R37 : labour

(Lug.-Sept.) 526 hours 101.9 hours 125.3 hours| - 23.4
R38 : labour .

(Oct.-Nov.) 526 M 526.,0 " 363%.1 " + 162.9
R39 : labour

(Dec.-Jdsn.) 526 1 205.0 " 153.5 " + 55.5
R40 : labour

(Feb.=-April) 789 Lg8.9 n 185.9 v + 313.0
R41 i labour

(May-July) 78¢ n 789.0 n 753.0 + 36.0
R42 : land 5,400 sg.yds | 5,400.0 sq.yds 5383.4 sq.yd‘l* + 16.6
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5¢842.3.2 Labour and land restraints

The optimum plan makes use of all labour during the months of
October, November, May, June and July, and requires more labour than the
nurseryman's plan during all months except August and september, as

indicated by table 5.11.

the nurseryman's plan using almost all of the land suuply and nearly all

of the labour available during May, June znd July.

5.8.3 Resources in disposal

Disposal levels are not presented separately since they can be
easily obtained from the four preceding tables by deducting the optimum

lan's reguirement for a resource from the total supgply of that resource.
4

L Value of resources

The optimum plan reguires that the total supply of three growing-
house restraints, two labour restraints and the land restraint be fully

used, and as scarce resources their values (or shzadow priceﬁ are given

19/ -

by the solution. Thus the values imputed to the six effective restraints

|
I
|
The optimum plan also requires the entire supply of land, with
are contained in table 5.12.
20/
The marginal revenue products of the two effective labour

restraints are much higher than the going wage rate for labour (which

19. The shadow prices are the partial derivatives of the objective
function with respect to the resource in question, and since the
objective function is nonlinecar, they will not remain constant up to
some specified limit as is the case with linear programming.

20. Shadow prices may be interpreted as marginal value products in
linear programming due to the underlying (perfect competition)
assumption of constant marginal revenue. In the present model,
where imperfections in market competition exist, marginal revenue
need not be constant and the term marginal value product is replaced
by marginal revenue product.
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could be reasonably estimated as $1.00 per hour) so the nurseryman would
be advised to hire extra labour. For example, an extra hour of labour
hired during Cctober and November will increase the value of the objective
function by $8.89, compared with the cost of such labour of $1.00.

The other shadow prices may be interpreted in a similar manner.
For profit maximisation, though, extra units of a resource should only
be hired providing its marginal revenue product is greater than the cost

of the resource unit.

Table 5.12 Value of Resources
Scarce Resource Unit Marginal Revenue
Product
|
R19 : growing-house (Novemberq)[ 100 plants $26.89
R21 : growing-house (Decemberq): 100 plants $15.34
R22 : growing-house (Decemberz) 100 plants $33.3%6
R38 : labour (October-November) 1 hour $8.89
R41 : labour (May - July) 1 hour $6.03
R42 : land 1 square yard $1.09

5.8+5 The cost of including non-basic activities in the optimum plan

Nine real activities are excluded from the basis since their
marginal revenue products (partial derivatives of the objective function
with respect to the non-basic activities) are negative. Hence inclusion
of any of these activities into the optimum solution will cause a
reduction in the value of the objective function. The marginal opportunity
costs of including non-basic activities in the optimum plan are given by

table 5.13. For example, if the nurseryman wanted to include 100 Fhotinia
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plants in the optimum plan the value of the objective function would
fall by almost $50, this being the reduction in profits from reducing
the level(s) of some basic activity or activities so as to free

resources and make the production of 100 Photinia plants possible.

Table 5.13 Marginal Opportunity Costs
Non-Basic Activity Marginal Opportunity Cost
(per 100 plants)
PS : Photinia $49.92
P7 : Stachyurus $20.66
P10 : Tibouchina $43,27
P11 : Agalea indica $14 .48
P12 : Viburnunm $53.46
P14 : Weigela $45.79
P15 ¢ Forsythia $27.10
P18 : Callicarpa $23.35
P19 : Hypericum $20.49

5.9 Comments on the Quadratic Programming Model and Results

5eTe1 Extension of the model to represent actual situations

Since the model has dealt only with a hypothetical situation
it was not possible to discuss the results with the nurseryman with a
view to adoption of the plan. A few comments were obtained, however, on
additions to the model which may be necessary in practical applications.
Firstly, the model included only plants propagated during the Spring and
Summer (so as to reduce the number of restraints). As a result, the

glasshouses and shade-house are unoccupied for about five months of the
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year. In practice, plants are propagated all year round so that the
glasshouses will always be occupied. Hence a 'real life' model would
differ from that of the present chapter in that activities would be
included to allow plants to be propagated at any time of the year, and
additional restraints would be necessary to represent the availlability
of glasshouses over the entire year.

It may be necessary to differentiate between different types of
labour, since some coperztions (for example making cuttings) are often
carried out by women, whilst others (for exemple soil sterilisation and
spraying) usually make use of male labour.

The amcunts of cutting material available from the existing stool-
beds are likely to form additional restrictions in a 'real life' applicat-
ion. Such restraints would simgly take the form of an upper bound on
the producticn level of the activity in gquestion, and the values which
could be imputed to such restraints would indicate to the nurseryman the
extent to which profits would rise if he increased the number of stock

plants in the stoolbed.

5e9.2 Incorporation of demand cross-effects into the guadratic programme

Although the assumption was made that cross-effects did not exist
in this case, the high price elasticity coefficients (indicated in a note
to table 5.5) would suggest that such an assumption is unrealistic and
that significant substitution relationships may exist. Such cross-effects
may be easily included in the quadratic programme however, provided that
ectimates of the cross-elasticities of demand are available.

For example, the demand function for Azalea indica (P11) yields
an own-price elasticity coefficient of -7.14 at the means of the data
values. For the purposes of this illustration, it will be assumed that

the following cross-elasticities (which indicate the responsiveness of

demand for Azalea indica tc changes in the prices of some other plants)
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have been derived:

cross-elasticity with respect to Viburnum (P12) = 4 2.0,
L 1 L n "  Rhododendron (P13) = - 0.5,
t " " " "  Forsythia (P15) = & el

(Such coefficients would indicate that both Viburnum and Forsythia are
substitutable for Azalea, but Azalea is complementary with Rhododendron.
The latter may occur, since Azaleas and Rhododendrons are often planted

together).
The inverse demand function for Azalea indica, originally

Pyq = 71.96 - 0.5357x,, ., becomes

Pqq = 77403 = 0.5357x,, - 0.4OM1x,, + 0.0356x,, - 0.3282x,

2

3 5"

when the cross-elasticities zre included in the estimation of the demand

2/

function.
22/

Therefore the disposal activity Y11 which would have been

incorporated in the initial simplex tableau as:

-71.96 = - 1.0?14x11 - (A'A") + Y11

using the original demand function, would become:

- P05 = = 1.0714;:11 - 0.4041x1

5 0.0356x13 - O.}282x15 - (A"™") + Y44

when the cross-elfects are included in the demand functions.

593 Problems associated with the demand curves

Apart from the problem of estimating the demand curves as accurately

as possible, the profit-maximising point on a linear demand curve may be so

27 See Louwes, Boot and Wage, op.cit., p.312.
22, See Chapter 2, equation (2-27).
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far removed from the price-quantity co-ordinate for the past season's
output as to give an unrealistic price estimate. This problem could

be lessened by restricting the sclution to only a specified range of

the demand curves, although it would not be known whether such restrict-
ions are necessary until the problem is solved. Fortunately, price
changes in the present model were relatively small and the new prices

guite reasonable,

5.9.4 Shadow prices and resource disposal levels

A5 was found with the linear programming models of earlisr
chapters, considerable interest is shown in the values of resources, the
cost of including non-basic activities in the solution, and the guantities
of resources left unused. Juch data can allow the nurseryman to plan
further zdditions to his resource sugplies; or perhagps the consideration

of new activities to make use of unused resources.



CHAPTER 6

RISK PROGRAMMING AND FRESH VEGETABLE PRODUCTION

641 Introduction

Since market prices of fresh vegetables may be expected to
fluctuate markedly even from day to day, many fresh vegetable producers
often attempt to reduce the consequent fluctuations in their incomes
by cultivating crops which may be expected to realise, on average, a
rather low but stable income. However, some growers are less averse
to risk and may wish to cultivate crops whose prices may vary greatly,
in the hope of receiving a high but fluctuating income.

v

Risk programming was considered a most appropriate technique with

which to derive management plans under the above conditions with both

2/

market auction prices and crop yields subject to stochastic variability.

O Chapter 2, section 2.3, discusses the risk programming concept and
the formulation of risk aversion problems as quadratic programmes.

2a Variation in yields from the expected levels will cause variations
in the labour input required for harvesting the crops, so that
stochastic variability will also exist in the labour input-output
coefficients. Such variability in the input-output coefficients
may also exist for other reasons (Chapter 2, section 2.3.2) but all
such error terms attached to the estimated input-output coefficients
are not taken into account by the present model.
Heady and Candler, op.cit, p.557, mention that concentrating on
income variability alone will simplify the risk aversion problem,
but this approach is used since (a) errors associated with income
variability are the only errors on which reliable data is available,
and (b) discussion with the grower indicated that, as far as he was
concerned, variability in income is the major component of risk in
fresh vegetable production.
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A grower who wishes to insure against income variability to some extent
may select a plan with only a moderate level of expected income but also
a low income variability. A grower who places less importance on income
stability may select a plan with a high expected income but also a high
degree of income variability.

A risk programming model was constructed for a Wanganui fresh
vegetable producer and the solution was to have been obtained at Purdue

University, U.S.A., using a programme written by Professcr W.V. Candler,

who was the author's supervisor when the model was formulated. Unfortunate-

ly, due to delays in correspondence and to a lesser extent computational
difficulties, the results were not aailable in time to include in the
thesis.

Hence the present chapter will discuss the formulation of the risk
programming problem, dealing only briefly with those aspects, such as a
description of activities, restraints and input-output coefficients, which

are similar to a linear programming model. Finally, the maximum risk

solution will be presented and compared with the cropping programimne

proposed by the grower.

6.2 The Restraints

6.241 Land (restraints R1 and R2)

The total area of the holding is 96 acres of which 90 acres are

available for cropping, with the remaining land occupied by buildings,

3 The results, when available, will be published in a Discussion Paper
by the Department of Agricultural Economics and Farm Management,
Massey University.
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paths and headlands. In addition tc his own land, the grower intends
to lease 19 acres of land from a nearby farmer.

Since the grower's choice of production activities permits
little opportunity to crop land more than once during a year, the land
restraints did not require division into time periods of less than one
year (as was necessary for the Otaki horticultural holding of Chapter
3). Thus the land resources can be represented adeguately by two
restraints, one for freehold land and one for leased land. The restraints

and their supplies are:

R1 : freehold land =~ 90 acres;

R2 5 leased land - 19 acres.

6e2.2 Labour availability (restraints R3 - R14)

The permanent labour supply consists of the owner and two men.
One man works 48 hours per week and the others 60 hours per week,
giving a total labour supply of 727 hours per month.&/

Ag in past seasons, the grower does not intend to crop the entire
90 acre block of freehold land during the coming season. His policy is
to crop as much land as his existing labour force will allow, with all
remaining freehold land sown into grass by a contractor and grazed with
sheep.

Thus from the total labour supply, the requirements of the sheep

were deducted to give the supply of labour available to the vegetable

CIropse. No deduction, however, was made for holidays or overhead work,

4, 1 month = 4.33 weeks.

Se It has been assumed that any plan will have sufficient land in disposal
to carry 300 sheep. (No labour needs to be supplied to sow the green-
crop since this is carried out by a contractor). Alternatively, the
problem could have been formulated including a forage activity, but
this was considered unnecessary since the past experience of the

grower indicated that sufficient land to carry 300 sheep would always
be available.
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so that sufficient labour must remain in disposal to cover these

requirements if a plan is to be feasikle.

The labour restraints and supplies are given in table 6.1.

Table 6.1 Labour Restraints and Supplies (hours)
Labour Total Sheep Supply for
Restraint Supply Reguirement Crops
R3 : January 727 17 710
R4y : February 727 19 710
R5 March 727 17 710
R6 : April 727 il 710
R7 : May 727 iy 710
R8 : June 727 17 710
R9 : July 727 17 710
R10 Ausust 727 81 646
R11 : September 727 97 630
R12 : October 727 33 694
R13% : DNovember 727 65 662
R14 : December 727 33 694
6.2.3 Rotations and cropping limits (restraints R15 - R24)

Crop rotation is practised only on the freehold land, since

leased land is ploughed out of pasture and cropped for only one year.

Of the 90 acres of freehold land, 30 acres are suitable for all

crops with the exception of Spring carrots, 40 acres are suitable for

all crops including Spring carrots, and the remaining 20 acres are

suitable only for the Summer Cucurbita crops as this land cannot be

cultivated during Winter.

Thus all 90 acres are suitable for Cucurbita
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crops, 70 acres are suitable for Brassica crops and 40 acres are suitable
for Spring carrots and parsnips.

The grower requires a three-year rotation for Cucurbita crops and
Brassica crops, and a two-year rotation for carrots and parsnips. There-
fore no more than 30 acres (that is, one~third of 90 acres) may be sown
with Cucurbita crops, no more than 2% acres mag be planted in Brassica
crops, and no more than 20 acres may be sown with Spring carrots and
parsnips.

The grower's past marketing experience led him to impose further
limits on the acreages of individual crops, and all cropping restraints

are given in table 6,2.

Table 6.2 Croppines Restraints
Restraint Supply (acres)
R15 : Cucurbita crops (on freehold
land) 30
R16 : butternut pumpkin 15
R17 : carrot and parsnip (on freehold
land) 20
R18 : Brassica crops 23
R19 Winter Brassica crops 10
R20 : Spring Brassica crops 10
R21 : cauliflower 15
R22 : cabbage 15
R23 : \Winter lettuce 5
R24 : Spring lettuce 5
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63 The Activities

P T Production on freehold and leased land

Of the eleven crops included in the risk programme, five (Spring
carrot, parsnip and the three Cucurbita crops) may be grown on either
the freechold or leased land, with crop management being identical on
either land block.

A brief description of the activities is given in following

sections.

6.3%.2 Spring carrot (P1 and P12) and parsnip (P2 and P13)

Three sowings are made, in April, August and September. Harvesting
is continual from mid-November until the end of March, over which time the

grower augments his labour force with three female workers.

6.3.3 Crown pumpkin (P3 and P14)

The seed is drilled in October, and the entire crop harvested in
April when it is necessary to hire twoc extra men. The crop is stored and

marketed from mid-April until the end of August.

6.3.4 Buttercup pumpkin (P4 and P15) and butternut pumpkin (P5 and P16)

Crop husbandry is similar to, but commences a fortnight before,
that of crown pumpkin. Buttercup and butternut pumpkins do not keep as
well as crown pumpkin in store, so are harvested and marketed continuously

from February until April.

6e3+5 Brassica activities

£e3¢5.1 Winter cauliflower (P6) and Winter cabbage (P8)

Six plantings are made, from February until the end of May, Both

croos are harvested from April until August.
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6e345.2 Spring cauliflower (P7) and Spring cabbage (P9)

Three plantings are made, in June, July and August. Harvesting

extends from September until the end of November.

6.3.6 Winter lettuce (P10)

One planting is made during April, and harvesting is from mid-

July to the end of August.

6.3.7 Spring lettuce (P11)

Three plantings are made, two in July and one in August. The
crops are harvested successively, from September until the end of
December.

&/
6.4 Input-Output Coefficients

Derivation of the input-output coefficients will not be discussed,
since calculation of the coefficients is similar to that described in
Chapter 3, section 3.6,

Table 643 contains the matrix of resource supplies and input-
output coefficients, where each row of the matrix represents a restraint
and each column contains the requirements per acre of an activity for

each resource.

6 This section refers to the requirements of the production activities
for the supplies of the various resources. Other coefficients of
the guadratic programming matrix, such as net revenue variances and
covariances, are discussed in later sections.
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Activity Rescurce Requirements and Resource Supplies
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21 P P2 P3 Pl P5 P6 p7 P8 P9 P10 P11 P12 P13 P14 P15 P16
Restraints .
unit-—> B 1 acre|1 acre | 1 acre|lacre|1 acre|l1 acre|l1 acre|1 acre| 1T acre|1 acre|1 acre|1 acre|l1 acre|1 acre|1 acre|1 acre
i
R1 : Freehold land 1 acre 90 | » 1.0 g ) TsO 1.0 1.0 1.0 1.0 1.0 150 156 1.0
R2 : Leased land i 19 | » 1.0 1.8 1.0 1.0 10
R3 : Labour - January 1 hour | 710 | » | 25.2 | 25.2 15.8 7.5 6.9 745 6.9 25.2 | 25.2 | 15.8
R4+ February U 710 | » | 25.2 25.2 6.0 6.0 7.4 7olt 25.2 25.2 6.0 6.0
B5 = March i 710 | 3| 25.2 25.2 6.0 6.0 14,2 14,2 245 2542 25.2 6.0 6.0
R6 April " 710 | » L. 4,1 24,0 | 6.0 6.0 | 21.4 28.0 50.71 4.1 L1 24,0 6.0 6.0
R7? Mav " 710 | » 1.5 1.5 2.0 | 6.0 6.0 | 27.0 1.2 | 33.6 18 | 2440 1.5 1.5 2.0 6.0 6.0
R8 : June " 710 | > 0.2 0.2 2506 14,2 14.7 | 20.8 14,7 L.o 25 0.2 0.2 2.0
Rg July " 710 | » 1.9 1.9 2.0 13.4 14,3 20.0 14,3 2Lk, 0 34,2 1.9 1.9 240
R10 : August " 646 | » k.6 L.6 2:0 13.4 13,0 | 20.0| 13.0 | 42.5 | 37.8 4.6 L.6 2.0
R11 : September " 630 | » 3.4 3.4 6.1 5.1 5al 23.7 3L 8 20.6 3.b 3.4 6.1 el 5e1
R12 : October L e9L | >» 1«5 1.5 1.8 |11.3 | 11.3 . ) 5 . 20.0 15 15 11.8 i [ 1.3
R1% : November " 662 | 3 | 12.8 | 12.8 1.6 |16.9 | 16.9 2242 335.3 19.2 12.8 | 12.8 1.6 16.9 | 16.9
R4 December " 694 | » | 25.2 252 TG | 40 14.0 25.2 ZHy e 14.0 14.0 14.0
R15 : Cropping limits - Cucurbita crops 1 acre 30 | » 1.0 1.0 1.0
R16 : butternut pumpkin " 15 | » 1.0 1.0
R17 carrot (P1) and
parsnip (P2) " 20 | > 1.0 1.0
R18 : Brassica crops " 23 | » 1.0 1.0 1.0 1.0
R19 : Winter Brassica " 10 1 - 1.0 1.0
R20 : Spring Brassica » 10 | 'S 1. 1.0
K23 3 cauliflower ik 15| 3 1.0 1.0
Ra2: = cabbage 1 15 | » 1.0 1.0
R2% 2 Winter lettuce 1 5 1 1.0
R24 : Spring lettuce L 513 1.0
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6.5 The Objective Function

6¢5s1 Introduction

The objective function of a risk programming problem is desigued
7/

to allow expected income to be maximised for any level of income variance,

and may be written:
2 = gux' + xBx' a maximum. (6-1)

Information on prices received and crop yields for the three years
1963/64, 1964/65 and 1965/66 was available from the grower, but that of
the most recent year (1966/67) was incomplete when the model was formulat-
ed since not all crops had been harvested. By deducting variable costsﬁ/
from the gross revenue of each activity over the three years, the net
revenue from each crop in ezch year was obtained. The mean (expected)
net revenues (that is, the vector g in 6-1) and the matrix of net revenue
variances and covariances (the negative of B in 6-1) for all activities

were then calculated, allowing the expected (mesn) income 2nd income

variance of any farm plan to be derived.

6e5a2 Activity prices and yields

A1l auctioneering firms' Account Sales documents for the three
years had been kept by the grower and since all produce had been sold to

auction firms, these provided accurate data on the number of cases of any

7 See Chapter 2, section 2.3.5.

8. Variable costs, with the exception of the cost of containers which
will vary in proportion to the size of the crop, have been assumed
constant from year to year. This appears reasonable since the
effects of likely increases in costs causing variations in net
revenuecan be expected to be much less than those resulting from
crop yield and price fluctuations.
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cror sold over each year and the average price per case received. The
grower was only required to estimate the number of acres of each crop
grown so that data on the number of cases sold could be converted to

the marketable yield per acre.

Table 6.4 ltholesale Price and Quantity Sold - Crown Pumpkin
1964 1965 1966
Guantity| Average |CQuantity Average |Quantity | Average
Sold Price Sold Price Sold Price
Half-month (cases) |(5/case) |(cases) ($/case) |(cases) ($/case)
April, 6 0.742 - - - -
April, 141 1.296 233 0.948 22 1.084
May, L4o 1.150 521 0.892 99 1.008
May2 252 1.258 234 0.544 279 0.862
June, 180 1.108 138 0.648 177 0.856
June,, 197 1.034 223 0.836 195 0.818
July, 2kl 1.026 323 1.008 183 0.624
July2 321 1.490 346 1.068 120 1.076
Aupust 194 1.668 157 0.736 180 1.660
August, 119 2.536 56 0,600 82 14394
!

lote: The subscripts 1 and 2 denote the first and second half of a
month, respectively.

Table 6.4 illustrates the type of data obtained for all crops.
In this table, the guantity sold and price received for crown pumpkin
is given by half-month periods.

Next, the total guantity sold in any one year was divided by the
acreage of the crop grown to give the yield per acre. To obtain the
average price received by the grower, it was necessary to deduct the

wholesaler's commission of 10 percent of the value of all produce sold,
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from the average price received over the year. These calculations are

shown for crown pumpkin, together with the gross revenue figures, in

table 6.5.
Table 6.5 Prices, Yields and Gross Revenue - Crown Pumpkin
Year Quantity Acreage Cases Average Average Gross
Sold Marketed Price Price Kevenue
(cases) (per acre)(per case) Less
Commission |( per
(. per case] acre)
1963/64 2094 6 3hg $1.322 $1.190 5415432
196L4/65 2231 12 186 504866 $0.780 $145.08
1965/66 1337 10 134 $0.996 $0.896 $120.06
Notes: [ Quantities sold in each vear are totalled from table 6.k4.
2o Average price in each year is the average of the half-

month prices of table 6.4 weighted by the quantity sold
in each half-month period.

S Gross revenue is the average price net of the wholesaler's
commission multiplied by the number of cases marketed per
acre.

A complete account of auantities sold, acreages planted and yields
from all activities in each of the three years, is to be found in Appendix
B, table B.1. Data did not exist for Winter lettuce (1964/65), parsnip

(1965/66) and butternut pumpkin (1963/64) since these crops were not grown.

9. Unfortunately, the grower was unable to give reliable estimates of
the acreage of both Winter and Spring Brassica and lettuce crops
grown in past years, although he could give the total acreage of
Brassica and lettuce. It was necessary, therefore, to agsregate
Winter and Spring crops of Brassica and lettuce when determining
the yield per acre, so that for these activities the yield from
both the Winter and Spring crops will be the same.
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All yield, average wholesale price (net of commission), =2nd gross
revenue data for all activities in each of the three years is given in

Appendix B, table B.2

6.5.3 Variable costs

Only one component of the activity variable costs has been assumed
to have associated stochastic error terms. This item is the cost of
containers in which produce is marketed, since the cost will be directly
related to the actual guantity sold. All other items have been costed
at 1967 prices.

The variable costs for each activity in each of the three years

are to be found in Appendix B, table B.3.

6.5.4 Activity net revenues

Activity net revenues in each of the three years were found by
deducting each year's variable costs from the corresponding year's gross
revenue. For example, the net revenue per acre from crown pumpkin in

each of the three years is derived in table 6.6.

Table 6.6 Net Revenue (3 per acre) - Crown Pumpkin
Year Gross Revenue Variable Costs Net Revenue
1963/64L 415,32 86.44 328.88
1964 /65 145.08 78.28 66.80
1965/66 120.06 75.68 Lh, 38

Note: The large reduction in net revenue in 1964/65 and 1965/66 was
due to high storage losses.,
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The net revenues received from each activity over the past three

vears are given in table 6.7, along with the mean (expected) net

revenues.
Table 6.7 Activity Net Revenues (% per acre)
Net Revenue
Activity 1963/64 | 1964/65 1965/66 | Mean

P1 & P12 : Spring carrot 664.91 | L469.11 1047.81 727.26
P2 & P13 : parsnip 334,60 | 282.40 no crop| 308.50
P% & P14 : crown pumpkin 328.88 66.80 L .38 | 146,68
P4 & P15 : buttercup pumpkin L16.,06 | 183.72 318.46 | 3206.08
P5 & P16 : butternut pumpkin no crop| 202.46 350.86 | 276.66
P6 : VWinter cauliflower L57.60| 546.68 712.78 | 572.36
P?7 : Spring cauliflower 401.10| 460.86 587.68 | 483,22
P8 : Winter cabbage h71.82| 392.48 653%.84 | 506.04
P9 : Spring cabbage 429,38 | 343,76 662.86 | 482.00
P10: Winter lettuce 931,18 | no crop 2015.40 | 1473.30
P11: Spring lettuce 1072.18 | 736.54 Lo1.74 | 760.16

10/
6.5.5 Net revenue variances and covariances
665651 The variance of activity net revenues

An unbiassed estimate of the population variance computed from a

-u/

random sample is given by:

2 2
o, o Flegw) (6-2)
n-"1

10. The measurement of variance and covariance, and the use of such

measures as an index of risk, are discussed in Chapter 2, sections
2-3.1" and 2-305.
11.  See Chapter 2, equation (2-34).
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For example, the variance of crown pumpkin net revenue over the

three years is equal to:

(328.88 - 146.68)% + (66,80 - 146.68)° 4+ (44,38 — 146.68)2
3-1

= 25,021.52

The variance of net revenue for each activity was calculated

similarly (see table 6.8). Since the units of variance are squared

12/

deviations, the net revenue standard deviations are also presented in

table 6.8. This measure refers to the same units in which the deviations

a3/

occur (that is, dollars per acre).

Table 6.8 Variance of Activity Net Revenues
Activity Mean Net Variance Standard
Revenue Deviation
(4 per acre) ($ per acre)
P1 & P12 : carrot 727.26 86,617.52 294431
P2 & P13 : parsnip 308.50 1,362.44 26.92
P3 & P14 : crown pumpkin 146,68 25,021.52 158.18
P4 & P15 : buttercup
pumpkin 506408 13,610.40 116.66
P5 & P16 : butternut
pumpkin 276.66 11,011.28 104,93
P6 : Winter cauliflower 572436 16,773.56 129.51
P7 : Spring cauliflower 483.22 9,077.76 95.28
P8 : Winter cabbage 506 .04 17,955.88 134.00
P9 : Spring cabbage 4L82.00 26,818.56 163,76
P10: Winter lettuce 1473.30 587,766.52 766.66
P11: Spring lettuce 760.16 96,550.28 300,92

125 The standard deviation of a set of observations is the square root
of their variance.

135, Also, if the observations are normally distributed, 95 percent of
all net revenue observations should fall within plus or minus two
standard deviations from the mean net revenue.
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EsB 52 The covariance of activity net revenues

Covariance indicates how closely two variables, in this case the

14/

net revenues from two activities, move together and is given by:

3
U}j = k(ciﬁpa)(cjfﬁa) (6-3)

n-="1

As an example, the covariance of Winter cabbage and Winter
cauliflower net revenues over the three years under review is given
by:

(471.82 = 506.04)(457.60 - 572.36)
1

(392.48 - 506.04)(546.68 - 572,36) =

+

(653.84 - 506.04)(712.78 - 572.36)

+

13,798.72

The positive covariance estimate indicates that net revenue from
Winter cabbage and Viinter cauliflower tends to move in the same direction
from year to year.

Covariance estimates could not be obtained from eguation (6-3)
when one of the activities was either parsnip, butternut pumpkin or
Winter lettuce, since these crops were grown during only two of the
three years. Hence the net revenue covariances involving these crops

were estimated as follows:

By definition : oy = 55 % o (6-4)

where rij is the coefficient of correlation between the net revenue
from activities i and j, and

5; and c} are the net revenue standard deviations for activities

i and j respectively.

14, See Chapter 2, equation (2-35).
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estimated _
Therefore, 5 5 = Ty50, 65 (6-5)
where ;ij is the mean value of all net revenue correlation

coefficients which could be calculated (for i # j),
was used to derive the covariance of net revenue for all pairs of
activities which include at least one of the parsnip, butternut pumpkin

or Winter lettuce activities.

6.5:543 The variance - covariance matrix

The matrix of all net revenue variance and covariance estimates

is to be found in Appendix B, table B.4.

6¢5.6 Overhead costs

The overhead costs of the holding (with the exception of wages
paid to the permanent staff which were costed at the 1967 rates) were
taken from the grower's 1966/67 financial accounts, and are presented
in table 6.9. The wages item does not include the owner's drawings

which are assumed to be withdrawn from farm profits.

Table 6.9 Overhead Costs (%)
Item Cost
Wages of permanent staff L, 217
Rent and rates 1,486
Depreciation 886
Repairs and maintenance 458
Motor expenses Lok
Sundry 184
Total overhead cost 74725
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6,6 Construction of the Initial Risk Programming Matrix

The risk programming matrix is similar to the initial simplex
tableau for quadratic preogramming described in Chapter 2, page 23,
table 2.7. The -c, to L% coefficients of the B column are the
negative values of the expected net revenues from each activity (see
table 6.7). The remaining (b, to bm) coefficients of the B column
are the resource supplies of section 6.2.

The sub-matrix A of table 2.1 would contain the coefficients
of table 6.3, and the negative of the transpose of A forms the sub-
matrix -A' of the qguadratic programming tableau.

The sub-matrix 2B of table 2.1 contains coefficients derived
from the variance - covariance matrix. Firstly, the complete variance
- covariance matrix is obtained by repeating the north-east section of
the matrix in the opposite section. Secondly, all coefficients are
multiplied by -1,12£nd thirdly, all coefficients in the north-west to

16/
south-east diagonal are multiplied by +2. The resulting matrix may
then be inserted as sub-matrix 2B in the guadratic programming simplex
tableau.

17/
The whole series of preferred plans is then found by using a

18/

parametric quadratic programming algorithm and varying the weight (or

154 The objective function is

Z = gux' + xBx', where B* = -B, and B is the variance - covariance
matrix.

See Chapter 2, section 2.3.5.

16. This is equivalent to partially differentiating the lagrangian
objective function with respect to the elements of x. See Chapter
2’ section 2020"".

17 That is, the plans corresponding to maximum expected income for
each level of income variance, or all points on the curve OA of
figure 2.2, Chapter 2 (page 29).

18. See Chapter 2, page 33, footnote 37.
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risk-aversion parameter) applied to the > to Ch values of the B column.

6.7 The Maximum Risk Solution

6e7el Introduction

It was mentioned in section 6.1 that difficulties arose when the
risk programming problem was being solved and that the results were not
available at the time of writing.

However, the plan which maximised expected income with complete
indifference to risk was obtained by treating the problem as a linear
programme with the expected net revenues in the objective function.
This plan will now be discussed and compared with the grower's proposed

vplan.

6702 Comparison of the maximum risk solution with the grower's plan

6e7e241 Comparison of activity levels

Table 6.10 gives the levels of activities in both plans. The
grower has included the Spring carrot, buttercup pumpkin and butternut
pumpkin activities on the leased land, whereas 0.10 acre of Spring
carrots is the only leased land cropping in the optimum plan. The
maximum risk plan includes a greater acreage of both Winter and Spring
cauliflower, but a smaller acreage of Spring cabbage and none of the
Winter cabbage activity, compared with the grower's plan. The maximum
risk solution also requires the production of a greater guantity of

both Winter and Spring lettuce than does the grower's plan.
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Table 6.10 Comparison of Activity Levels Between the

Maximum Risk and the Grower's Plan

Activity Level in Level in Difference
Maximum Risk Grower's
Solution Plan
(acres) (acres) (acres)
P1 : Spring carrot 20.00 8.00 + 12.00
P2 : parsnip - 2.00 - 2.00
P3 : crown pumpkin L, 81 4,50 + 0431
P5S : buttercup
pumpkin 8.58 - + 8.58
P6 : VWinter
cauliflower 9.82 6.00 + 3.82
P? : Spring
cauliflower 5.18 4,00 3 a0
P8 : Winter
cabbage - 4.00 - 4,00
P9 : Spring
cabbag:e 2.61 3-00 - 0039
P10 ¢ VWinter
lettuce 500 2.00 + 3%.00
P11 ¢ Spring
lettuce 2.61 1.00 + 1.61
P12 : Spring :
carrot 0.10 10.00 - G6.90
P15 : buttercup
pumpkin - 700 - 7.00
P16 : butternut
pumpkin - 2.00 - 2.00

Note: A positive entry in the fourth column indicates that the leyel
of an activity in the maximum risk solution is greater than
that in the grower's plan.

6i7e2a2 Expected net revenue and net revenue variance

Table 6.711 gives the expected net revenue, the variance and

standard deviation of net revenue and the limit below which net revenue
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19/
can be expected to fall in only one year in 40.

Table 6.11 Expected Net Revenue
Maximum Risk Grower's Plan
Solution

Expected net revenue $36,681.38 $29,607.58
Net revenue variance 79,729.12 61,887.30
Net revenue standard

deviation $8,929.11 $7,866.85
Lower net revenue

confidence limit $18,823.16 $13%,873.88

Note: Variance is measured in units of 1,000.

Should the grower =adopt the maximum risk plan, he can expect,
in the long run, an average net revenue of 53%26,681.38, which exceeds
the average net revenue from the grower's plan by $7,073.80.

However, the average net revenue may not be realised in each

20/

year, and actual realised net revenue may fall somewhere between

21/

$18,823.16 and $54,539.60 in 19 out of 20 years. Therefore, in only

one vear in 40 is realised net revenue expected to fall below $18,823.16.

19. Assuming that annual net revenues are normally distributed, only
5 percent of observations will fall outside plus or minus two
standard deviations from the mean value. Therefore only 2%
percent (or 1 in 40) will fall below the mean value less twice
the standard deviation.

20. Assuming that past years' prices and yields give an accurate
estimate of future price and yield variability.
21. That is, the average net revenue plus or minus twice the standard

deviation of net revenue,
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By deducting the overhead costs of the holding (%$7,725, from
table 6.9) from average net revenue, an estimate of average (pre-tax)
farm profits is obtained. Such farm profits amount to $28,956.38 for
the maximum risk plan, or 32.3% percent greater than average farm

profits of the grower's plan.

6e7¢2.3 Comparison of resource requirements

The requirements of both plans for the land and labour resources
are compared in table 6.12. In the maximum risk solution all crops
except 0.1 acre of Spring carrots are grown on the freehold land,
whereas the grower intended to crop all 19.0 acres of the leased land.

The mazximum risk solution requires more labour than does the
grower's plan during 10 months of the year, but it is interesting to
note that the former plan uses 83 percent of the available labour
supply compared with 76 percent required by the grower's plan. In other
words, the increase in labour input reguired to put the optimum plaﬁ
into operation is small when compared with the expected increase in
average (pre-tax) farm profits of ©7,074.

Labour disposal in the optimum plan is greatest during May, June,
July, September and October, and the grower believed that sufficient
labour would be available (after meeting the reguirements of the cropping

activities) for all overhead work.

6.7«3 Value of resources

The shadow prices imputed to the scarce resources of the maximum
risk solution are given in table 6.13. The value imputed to the Winter
lettuce cropping limit of $689.26 per acre reflects the high profitabil-
ity of this crop, but growing extra Winter lettuce may also be expected

to increase income variability and hence the risk attached to the
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(See table 6.8, which indicates the

high net revenue variance of this activity).

Table 6.12

Resource Requirements of the Maximum Risk

and the Grower's Plan

Resource Supply Maximum Grower's | Difference
Risgk Flan
Flan
Land (acres):
R1 : freehold land 90.0 58.6 34.5 + 2k
R2 : 1leased land 19.0 0.1 19.0 - 18.9
Labour (hours):
R3 : January 710,0 710.0 698.4 # 1.6
R4t : February 710.0 630.7 632.0 - 1.3
R5 : March 710.0 710.0 705.0 + 5.0
R6 : April 710.0 710.0 584 ,6 + 125.4
R7 : May 710.0 4L85.8 445.8 + 40.0
R8 : June 710.0 294.2 294,.8 = 0.6
RO : July 710.0 500.0 389.7 + 110.3
R10 : Aupust 646,0 646.0 L7s.2 + 170,8
R11 : September 630.0 408.8 361.2 + 47.6
R12 : October 694.0 L438.0 393.5 + L4.5
R13 : November 662.0 662.0 623.2 + 38.8
R14 : December 694.0 694.0 693.0 + 1.0

The high labour shadow prices indicate that the grower should

consider hiring extra labour.

For example, should he add an extra man

to his permanent staff, the necessary alterations to the labour resource

supplies can be made and the new'0ptimum solution obtained.
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Table 6.13 Value of Resources
Restraint Shzdow Price (%)

Labour:
R3 : January 0.60 per hour
R5 : March 16,58 " "
R6 : April 1,26 n
R10 : August 15,99 " "
R13 : November 8,11 " "
R14 : December hhz n "
Cropping limits:
R17 : carrot (P1) and parsnip (P2) 0
R21 : cauliflower 91.20 per acre
R23 : Winter lettuce 689.26 " "

647.4 Marginal opportunity costs

The extent to which expected net revenue would fall should non-
basic activities be included in the cropping programme, is given in

table 6.1}1’-

Table 6.14 Marginal Opportunity Costs
Non-Basic Activity Shadow Price ($ per acre)

P2 : parsnip 418.76
P5 : butternut pumpkin 29.42
P8 : Winter cabbage 88.96
P13 : parsnip 418.76
P14 : crown pumpkin 0

P15 : buttercup pumpkin 0

P16 : butternut pumpkin 29.42
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Including the crown pumpkin (P14) and buttercup pumpkin (P15)
activities in the plan would have no effect on expected net revenue
since these crops (which are sown in leased land) would simply replace
the similar crops grown in freehold land.

Should the grower include an acre of parsnip in the plan,
expected net revenue would fall by $418.76, irrespective of whether the
rarsnip crop is grown on the freehold or leased land. (The low net
revenue variance of the parsnip activity, however, would indicate
a_priori that such a substitution would also reduce the net revenue

variance of the cropping programme).

6.8 Summary of the Risk Programming Model

The real life production situation of a fresh vegetable grover
has been represented as a risk programming model. This approach was
adopted, rather than treating the model as a linear programme (that is,
similar to the model of Chapter 3) since the grower paid particular
attention to the variability of prices and yields when he chose a
cropping programme. He realised, for example, that parsnip was a
'safe' but low income crop, whereas Winter lettuce could provide a high
level of income but was also subject to a high degree of risk.

The author intended to provide the grower with the whole set of
preferred plans, each minimising income variance for each level of
expected income. It was unfortunate that the results could not be
obtained in time to be included in the thesis, since the grower's

reaction to the set of risk-minimising plans could have indicated the

extent to which risk programming could be usefully employed in providing

management advice to fresh vegetable producers.
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The author would emphasise, however, that the problems encountered
in the risk programming study were purely 'mechanical'. Risk programming
algorithms are available and once a computer programme is available in
New Zealaznd, risk programming can be studied to a greater extent than

has thus far been possible.



CHAPTER 7

SUMMARY OF RESULTS AND COMMENTS ON MATHEMATICAL

PROGRAMMING IN HORTICULTURE

T Introduction

Two linear programming and two quadratic programming studies have
been discussed in some detail, in order to illustrate the application of
mathematical programming techniques to different horticultural production
situations. The following sections will draw together and summ=rise the

various ideas developed in the thesis.

72 The Linear Programming Applications

The linear programming study of Chapter 3 provided a series of plans
for an Otaki horticulturalist. The grower soon became familiar with the
more important programming concepts and had little difficulty in understand-
ing the basic matrix and interpreting the results. That he was satisfied
with the type of information provided is obvious from his comments on the
solution (section 3.12). He believed that a linear programming model gave
a2 more complete description and analysis of the management of his holding
than would simpler techniques such z=s gross margins analysis and budget-
ing.

The intertemporal linear programme of Chapter 4 was designed to
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analyse a more complex production situation, with cropping planned
several years ahead. The grower found the results of great interest but
emphasised that the uncertainty surrounding such variables as prices and
incomes in future time periods, made it difficult to closely follow a
pre-determined development programme. Therefore research to incorporate
risk into an intertemporal programming model would appear to be worth-
while (section 4.10.3).

Intertemporal programming would also be a useful aid to management
when planning the development of orchards. Possible cropping activities
could include different varieties of, say, apples, pears, peaches and
plums, plus any annual crops which could be intercropped amongst young
trees. The capacity of the grading and packing facilities would be an
important restraint in orchard development models. Such restraints would
represent the maximum oguantity of fruit which could he handled during,
say, every fortnight of the harvesting season, since different types and
varieties of fruit may be harvested at different times. Vhile the collect-
ion of input-output data for tree crops is often difficult, close co-operat-
ion between the farm adviser, the orchardist and fruit research workers
should enable the compilation of acceptable estimates.

Both of the linear programming studies have demonstrated parametric
technigues. The supply of a resource was varied in the model of Chapter 3,
and in Chapter 4 2 price was varied. It is hoped that as a result, many
of the underlying economic principles of production such as competitive
and complementary relationships between cropping activities, and a
diminishing marginal value product of a factor as the factor supply is
increased, have been adequately illustrated. A good understanding of
these principles, which is often not obtained from the use of simpler

planning techniques, is necessary for a clear understanding of profit-
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meximising behaviour.

Pl The Quadratic Programming Avplications

The existence of imperfectly competitive elements in some
horticultural product markets could provide many instances where guadratic
programming techniques (as demonstrated in Chapter 5) would be more
appropriate than a linear programming approach. Vegetable growers, as
well as nurserymen, may find that marketing increasing guantities has
a depressing effect uvon prices, especially since large holdings are
becoming more numerous and replacing, to some extent, the traditional
small family unit.

It is hoped that the risk programming model of Chapter 6, although
incomplete, has indicated the likely role of this technigue in management
advisory work, especially for growers who sell their produce through an
auction system. Many growers would prefer to avoid excessive price
fluctuations so as to guard against the likelihood of low incomes. Risk
programming, although doing nothing to reduce such price fluctuations
(and hence the resulting income fluctuations), does provide growers with
cropping plans for which the likelihood of income fluctuations has been
minimised. Therefore, by following a risk-minimising programme, a grower
will know that there is no other safer cropping programme which will
provide him with the same level of expected income (assuming, of course,
that the problem has been correctly specified and that the probabilities
of certain prices occuring in the future are the same as observed in the
past).

The author sees an important place for guadratic programming

(both risk programming and programming under conditions of imperfect
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competition) in horticultural advisory work in New Zealand. Such
techniques will become practicable once a computing routine is available

locally, and work in this direction is proceeding at Massey University.

74 The Potential of Mathematical Programming in the New Zealand

Horticultural Advisory Service

7olta The general use of programming technigques

It is important that the adviser formulating the programming model
has a sound knowledge of modern horticultural production techniques.
If the adviser confronts some specific technique with which he is un-
familiar, then the programming model should be constructed in conjunction
with a person who can provide the relevant technical knowledge. Also,
it may be possible to detect obvious inefficiencies in resource use (for
example, unsuitable fertiliser or spray programmes) and hence exclude
such inefficient techniques from the programming model. (Of course, many
different crop husbandry technigues may be included in the model, allow-

ing the profit-maximising technigue to be determined. The size of the

model would be reduced, though, if some of these technigues were seen as
'obviously inefficient').

Although programming requires the collection of a considerable
amount of data, once several models have been constructed for horticultural-
ists in a specific region, much technical data (such as input-output
coefficients) will have been collected and may be drawn on when programming
similar holdings in the future (provided that such input-output data is

modified in response to any technological advances).
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Aggregated linear programming models could be of particular

importance in horticulture. From such models, the aggregate ('normative')
supply function for some crop in a specified region can be determined,
indicating the guantities of the crop which should be supplied at

various prices. For example, should contracts be offered for vegetable
crops in the Manawatu, an aggregated vprogramming model would indicate

to the processing company the price which would have to be paid tc

growers in order to obtain some specified quantity of produce.

Telta2 The use of farm records

The need for accurate and detailed farm records is becoming more
and more apparent to horticultural producers. Two of the growers contact-
ed in the present study had only just begun to keep detailed production
and marketing records, but programming models which provided reglistic
solutions could still be constructed. Had more comprehensive records
been available, however, the time required to collect data would have
been considerably reduced, and farm management advisers should therefore
encourage growers to keep adequate records.

Farm records should include the prices received for all produce
sold, crop yields and acreages, the costs of all inputs purchased and
the quantities of such inputs used on each crop, and the dates of all
operations carried out on the crops plus the hours of labour and tractor
usage required. Provided with such data, the farm adviser may be able

to construct a programming model in a relatively short period of time.

1. Day, Richard H., "On Aggregating Linear Programming Models of
Production", Journal of Farm Economics, vol. 45, pp.797-813,
1963.
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7.4.3 The role of market intelligence

Although risk programming has been suggested as a useful
technique to reduce the possibility of violently fluctuating incomes,
such a technigue does nothing to reduce the fluctuations in market
prices which may invalidate linear programmine solutions. Market
intelligence services, by providing data on guantities of crops avail-
able for marketing and prices received, may enable a more orderly
planning of production with a consequent reduction in the possibility
of unforeseen price fluctuations. Under such conditions, price-
prediction would be somewhat less hazardous than at present. A market
intelligence service, then, publishing a report to growers say every

2/

three months, should provide the following type of information:

(i) acreages of crops sown over the past three months;

(ii) acreages of crops which growers intend to plant during
the coming three months;

(iii) oquantities of crops marketed during the past three
months and prices received; 2and

(iv) quantities of crops which growers intend to harvest
during the coming three months and an estimate of

market prices.

Also, price prediction can be expected to become more accurate
once data has been collected over a period of years, and the estimation
of prices in response to a forecast level of output shculd be made more

accurate than at present.

2. An excellent example of a market intelligence service is given by
Vegetable Situation, published quarterly by the Economic Research
Service, United States Department of Agriculture.
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75 Conclusions

Having constructed various programming models and discussed the
resulting solutions with horticulturalists, the author believes that
mathematical programming can play an important role in the New Zealand
Horticultural Advisory Service. Fresh vegetable producers, process
vegetable producers, nurserymen or orchardists could be provided with
cropping programmes (or farm development programmes) to assist them in
their decision making.

The likelihood of inaccurate estimates (of prices or yields,
for example) or an incorrect specification of the problem causing the
programmed results to become invalid should not be overlooked, however.
In this respect, farm advisers should encourage growers to keep farm
records suitable for programming purposes.

The need for a market intelligence service for New Zealand
horticulturalists has been indicated on past occasions, and the exist-
ence of such a service would do much to reduce the possibility of
unforeseen price fluctuations, and hence give growers more confidence

in following a recommended cropping programme.

3 Enting, L.M., Philpott, B.P., and Ridler, D., A Report On The
Economic Position Of The Fresh Vegetable Industry In New
Zealand, New Zealand Vegetable and Produce Growers' Federation

(nc.), May 1965, pp.28, 86-87.




APPENDIX A

DATA RELATING TO THE INTERTEMPORAL

LINEAR PROGRAMME OF CHAPTER &4

A.1 Price, Yield and Variable Cost Estimates for Annual Crops

Table A.1 gives the price and yield estimates for annual crops,
the product of which indicates the contribution of a crop to pre-tax
cash receints in any yvear. (It was necessary to estimate prices only
for the three fresh market crops, since prices of all other. annual
crops are fixed under contract). For those crops which are followed
with a greencrop, the net revenue (sales value less purchase value)
from the prazed hoggets has been added to gross revenue. (The cost
of the greencrop itself hzs been incorporated into the variable costs
of the annual crops).

Table A.?2 includes the variable production costs for the annual
crops, these figures representing the requirements of the annual crops

for tax-free cash in any year.



Table A.1

Gross Revenue From Annual Crops

Activity Price Yield Net Gross
Revenue Revenue
from
Hoggets
(%) (per acre) ($/acre) ($/acre)
P1 kG intercrop beetroot 40.00 per ton 12.50 tons - 500.00
Y
P2 x ¢ dntercrop carrot 34.00 per ton 16.70 tons - 567.80
b ]
P3 x ¢ intercrop kumara 168.00 per ton 4,50 tons - 756.00
1
P1+ k intercrop mangold 4,50 per ton 75.00 tons - 537.50
"
P5 Kk G intercrop potato 4,00 per ton 10.00 tons - 440,00
1
P6 ¢ tomato 32.00 per ton 22.00 tons 5 lth 709 bl
k]
P7 k °© Ereen bean 65.34 per ton 3,50 tons 544 234,13
1
P8 x ¢ Dbeetroot 40,00 per ton 12.50 tons 5o bl 505. 44
L)
P9 Kk G potato 44,00 per ton 10.00 tons - 440.00
1
P1O,k ! pea - - S lh 105.44
P,y ¢ carrot 34,00 per ton 16.70 tons - 56780
L]
H —_J - 50 -
P12,k ¢ broad bean 70.00 per ton 00 tons 103%0.40
kumara 168.00 per ton L.05 tons -
P13 o | kumara 168.00 per ton 4,50 tons - 756.00
1
th e mangold 4,50 per ton 75.00 tons - 53750
]
P15 « | Tyegrass 1.80 per bushel 43,70 bushels PLL 84.10
1
Notes: 1. Gross revenue = (price x yield) + net revenue from hoggets.
2e The grower believed that a gross revenue from the pea crop of $100 per acre would be

usual. The price paid is not fixed, but depends uvon the maturity of the peas when

harvested.

X4



256

Table A.2 Variable Costs ($ per acre) of Annual Crops
Ak Seed/ Tertiliser Spray Tractor Cartace Contract Greencrop Sundry Total
SetllvaRy Plants Labour
P, , ¢ dintercrop beetroot 9.42 11.L2 - 12.48 2.82 12.28 - - L8.42
P2 x G intercrop carrot,

¥ 13.50 12.50 25.00 19.42 33,34 123.00 - - 226.76
P11!k ¢ and carrot
P% G intercrop kumara,

=3 103,88 7.06 - 18.66 6.00 .52 - 51.74 190.86
and kumara
13,k
Pq x intercrop mangold,

! 9.20 28.00 - 10.32 - 8.00 - - 55.52

P ard mangold
14 .k =
P5 K intercrop potato,

L ] 1 } 7 - - 1 -
P’ : and potato 86.58 24 .00 20.00 8.70 2.00 9.00 6.66 66 .94
Pe .t tomato 47.50 27.76 38, 3k 16,14 19.3%8 148.70 7.24 B 305.06
P,y ¢ green bean 20.96 13.72 12.90 8.42 - 6. 34 7.2 - 69.58
Pg . @ beetroot 9.L42 11.42 = 12.48 2.82 12.28 L B 55.66

L]

P12 e broad bean - 13,34 10.00 30.66 9.06 3.90 97,34 _ -
L
kumara i 103.88 7.06 - 12,66 5.40 ReD2 46,57 ; 349.39
P,15 | Tyegrass 4,50 - - - -3.34 12.66 - 19.00 39.50
L ]

Notes: 1«

The greencrop cost includes $3.74 per acre

for seed, and $3.50 per acre for contract services.
2o Sundry items include the cost of sacks and twine for potato and kumara, and the seed-dressing costs of the ryegrass.
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A,2 Price, Yield ond Variable Cost Estimates for Ferennial Crops

and their Optimum Replacement

A.2.1 Apple

Prices pzid tc growers are in the form of a guaranteed price set
by the Apple znd Fear Prices Authority, =2nd is estimated to cover the
toetal production costs of the unwrapped fruit and case. In addition,
growers are paid for wire nnd labels used in packing the fruit, plus
an extra payment for =11 fruit exported. Although the price actually
paid v=ries between vzrieties =nd grades of fruit, it was assumed th-=t
the grower would receive, in each of the six yezrs of the develocment
programme, a _rice of $1.51 per case, which is equal te thst graranteed
for the 13G8 season. Since the grower has planted (and intends to
plant in the future) the yreferred, higher-priced apple varieties such
a psrice sssumystion may be conservative but was thought prudent since
considerable uncertainty surrounds the future marketing prospects for
apples, with prices likely to fall rather than rise.

Apple variabvle costs include such expenses as planting costs,
spray materials, fertiliser, greencrop seed, wire used to shape the
trees, cases and other packing materials, and tractor and sprayer
running costs.

Such variable costs represent the requirement of apples in a
particular year for tax-free cash, whilst mmltiplicaticn of price and
yield gives gross revenue, or the contribution of apples to pre-tax
cash in any year.

When the optimum replacement time (and asset values) were
calculated for apples (or perennial crops in general), it was necessary

to include labour costs with the other variable costs. (Labour costs
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are included in the six years of the programme zs either part of
overhead costs, or as hired labour).

Table A.3 includes annual yields, gross revenues, variable costs
and labour costs (the latter valued at 72 cents per hour) snd net
revenues. The final column of the table gives the amortized present

values, the maximum of which indicates the optimum replacement age.

N e P Lsparagus

The average price received by the grower over the past three
seasons was $23€.66 per ton. Multiplication by the yield per acre in
any year gives the gross revenue from the crop, which is contribobuted
to the pre-tax cash supply of that year.

Variable costs are mainly for weedicides (and plants in the
initial year) and represent the crogp's requirement for tax-free cash.

Labour costs are included in the aznalysis to determine the
optimum replacement pge, these being equal to the sum of the annual
labour requirements per acre times the wage rate of 72 cents per hour.
Table A.Y4 presents gross revenue, variable costs =2nd the optimum

replacement data.
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Table A.3 Revenue, Costs and Optimum Replacement:Apples
Year Yield Gross Variable| Labour Interest on Net Amortized
Revenue Costs Costs Unpaid Revenue Present
Establis hment Value
Costs
(bushels/ | (3/acre) |($/acre) [(3/acre) | ($/acre) ($/acre) |($/acrz)
acre)

1 - - 121.52 49,10 - -170.62 -

2 - - 32.04 21.60 10, 2! -63.88 -

3 - - 63.87 47.38 13.46 -124,71 -

L 100 151.00 | 147.44 109.08 20.13 -125.65 -

5 150 226.50 | 176.02 153.86 26.46 -129. 84 -

6 400 604.00 | 312.18 227.23 32.66 31.93 -

7 600 906.00 | 436.43 291.60 28.79 149,18 -

8 800 1208.00 | 558.29 319.18 18.11 312.42 -

9 1000 1510.00 | 667.22 385.63 457.15 -
10 1400 2114.00 66.85 487.94 - 759.21 -
11 1600 2416.00 | 974.85 5%0.50 : 900.£5 -
12 1800 2718.00 no82.85 582.05 - 1053.10 -

13~35 2000 3020.00 [1211.85 £20.6h % 1187..51 -
36 1200 2869.00 N153.41 5992.83 = 1115.76 -
37 1900 2869.00 [153.41 599.83 - 1115.76 -
38 1800 2718.00 1082.85 579.02 - 1056.13 -
39 1800 2718.00 [1082.85 579.02 = 1056.13 &
40 1700 2567.00 [hokhk.49 558.22 - 964,29 -
41 1700 2567.00 nokk.k49 558.22 - 964.29 -
42 1600 2416.00 | 974.85 537.48 = 9032.67 -
43 1600 2k16.00 | 974.85 537.48 - 903.67 -
Ly 1500 2265.00 |935.56 516.67 - 812.77
45 1500 2265.00 | 935.56 516.67 = 812.77
L6 1400 2114.00 | 866.85 495,86 - 751.29 628.24
L7 1400 2114.00 | 866.85 495,86 - 751.29 628.77
48 1300 1963.00 | 826.64 475,06 - 661.30 628.87
L9 1300 1963.00 | 826.64 475,06 - 661.30 628.99
50 1200 1812.00 | 772.17 hsh,25 - 585.58 628,84
Notes: T Year 1 is the year of planting.
2. Amortized present values are given only for 46-year-old

to 50-year-o0ld plantings.




Table A.h Revenue, Costs and Cptimum Replacement:Aisparagus
Year : Yield Gross Variable |Labour |Interest on| Net Amortized
Revenue Costos Costs Unpaid Revernue Fresent
mstablishment Value
Costs
(tcnﬁf ($/acre) |(3/acre) (3/acre )] ($/acre) ($/acre) |(3/acre)
acre)
- - 101.00 (L - -115.47 -
- - 1.58 4,40 €.93 -12.91 =
- - 1.58 4.0o4 7.29 -12.91 -

h 0.50 118.33 1.58 77.1€ 7.62 31.97 -

5 1.20 28%.99 1.58 115.18 5.25 161.98 =

6 1.60 378,66 23.48 123525 231.95 -

o 1475 414,16 Z.h48 134,46 - 256.22 -

8 1.90 LL9,65 23,48 145.63 - 280,48 -

9 2.00 473.32 23.h8 153.18 - 296.66 -
10 2405 L85.15 23.h48 156.92 - 304.75 -
11 2.10 496,39 23.48 160.6 - 312.84 -
12 2.%5 508.82 23.48 164 .41 - 320.93 -
13 2.10 496.99 235.48 160,67 - 312.84 -
14 2.05 485.15 23.48 156.92 - 204.75 -
15 2.00 473,32 23.48 153.18 - 296.66 -
16 1.95 L61.49 22.48 149,44 - 288.57 -
17 1.90 L45.65 23.48 145.69 - 280.48 -
18 1.85 4L37.82 23%.48 141.95 - 272.39 -
19 1.80 L25.39 235.48 138.20 - 264 .21 -
20 175 ' 414,16 3ok 134 .46 - 256.22 -
21 1.70 Lo2.32 25.48 130.72 - 248.12 -
22 1.65 390.49 23.48 126.97 - 240.04 -
23 1.60 378.66 23.48 123.23 - 231.95 -
24 1255 366.82 23.48 119.48 - 223.86 -
25 1.50 354.99 23.48 115.74 - 215.7 186.75
26 1.45 343,16 23.48 112.00 - 207.68 | 187.11
27 1.40 331432 23.48 108.25 - 199.59 | 187.30
28 1.35 319.49 23.48 104.51 - 191.50 | 187.36
29 1.30 207.66 23.48 100.76 - 183.42 | 187.30

Notes: Ts Year 1 is the year of planting.
2. Amortized present values are given only for 25-year-old to
29-year-old plantings.
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A.2.3 Peach

The present contract price for process peaches is three or four
dellars per 120 pounds, depending on the quality of the fruit. The
grower estimated that 90 per cent of the crop would be sold at the
higher price.

Table A.5 contains the gross revenue data (contributions to pre-
tax cash), variable costs (requirements for tax-free cash), labour
costs (the total annual labour requirements times the wage rate), and

the net revenues and amortized present values.
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to 19-year-old plantings.

Table A,5 Revenue, Costs and Optimum Replacement :Peaches
Year | Yield Gross |Variable |Labour [Interest on Net Amortized
Revenue | Costs Costs | Unpaid Revenue| Present
Lstablishment Value
Costs
(tons/) ($/acre)| ($/acre)|(5/acre ($/acre) ($/acre)|($/acre)
acre

1 = - 100.00 27.50 - ~127.50 =

2 - - 58400 30.02 7.65 -95.67 -

3 - - 68.00 42470 12493 -123.63 -

L 0.50 36,40| 84.00 57.38 19457 -124.55 -

5 3.25 236.60| 124.00 93.38 25.87 -6.65 -

6 6.50 473,20 148.00 |143.71 24,72 156.77 -

Vi 10.50 764.40( 180.00 [171.94 13.83 398.63 -

8 13.00 9L46.40| 186.00 |199.15 - 561.25 -

9 15.00 | 1092.00| 190.00 [219.53% - 682.47 -
10 15.00 | 1092.00| 190.00 |219.53 - 682.47 -
11 14.00 | 1019.,20| 188,00 [212.76 - 618,44 -
12 13.00 946.40| 186.00 |[213.55 - 546,85 -
13 13.00 946.40| 186.00 |[213.55 - 546,85 -
14 12.00 87%.60( 184.00 |210.02 - 479.58 -
15 12.00 87%.60| 184.00 |210.02 - 479.58 -
16 11.00 800.80| 182.00 |206.86 - 411.94 | 250.25
17 10.00 728.00| 180.00 |203,69 - 34,31 253.55
18 9.00 655.20| 178.00 |200.52 - 276.68 | 254.33
19 8.00 582.40| 176.00 |197.35 - 209.05| 253.00

Notes: 1. Year 1 is the year of planting.
2. Amortized present values are given only for 16-year-old




Ao Part of the Basic Matrix

Table 4,1 of Chapter %4 gives a schematic representation of the
basic matrix. The sub-matrices a, g and h of that table are presented
ag tables A.6, A.7 and A,8 respectively.

Table A.6 is that section of the basic matrix comprising first-
year activities and first-year restraints. All non-zero coefficients
of first-year activities and second-, third- and fourth-year restraints
are given in table A,7, and table A.8 contains the coefficients of
the first-year activities and the fifth- and sixth-yecar restraints.

The sections of table 4.1 labelled b, ¢, d, e and f, contain
coefficients identical to those of table A.6 except those of the old
peach and old asparagus activities, since as these activities increase
in age costs, yields and labour reguiremcnts may change from year to
year.

The remainder of the matrix can be completed using the coefficients
of tables A.7 and A.8, vlus the asset value coefficients of Chapter 4,
table 4.,18. For example, the sub-matrix containing second-year
activities and third-, fourth- and fifth-year restraints will have
identical coefficients to those of table 4.7. Finally, all coefficients

of the B column may be obtained from Chapter 4, section 4.3,
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Table A.6 Sub-Matrix a
¢y~ () o 0 C 0 0 0 0 0 0 0 0 0 0 C 0 0 0 0 0 0 0 0 0 0 0 0 ) 0 0 0 0 0 0 0 o o o 0 0
pl 1 - b - i o . T T L T 5 ‘.-.
% P 2 e I~ =8 = 0} 0 ) - o A Jie i~ D o i & o -
= O + o [} QT (] - ] ) a; ‘a ?Eas E ~ ~ | i £ £ ) & s £ g‘_'
:_3 b o S5 H B b o] fsall o ) P @ H G | g - e = 60 & g4 g g © (7} (3] W @ o o (3] © © - O
Bl g8 | g% | BE | EE Qg2 | 2 e | g 2 s | =g ol : g | & | & |SRl|EcliS<2| 8 |e53 | o£2 | 052 | L83| ¥ S| B | | % | £ | © | B| 9| B[ %
~| « o ey L E S q g E 0 © o S w . 25 - = o T = & 5y Eedlast g da — ko4O 4 E 2 foD 0 5o O % © % @ % & % © % & % @ % & - % -
nqu |E|I'-E1J '1_:55 Eé’ |EE ﬁ{g 59 é:% CgJ 3_'0 c'f 55 é«& ;:3 g C? O < C ~ = == < OH [t AFH |04dH f.S: :5:%3 :EGEE :Eigg §:‘E‘g g&': E{?E& Et?Es-' I:LUEE: ﬁgﬁ SE—E ;JE;: gé.‘ QE& CEEE: gé’;g
B P11 P21 P31 Ph 1 P5,1 P6, 1 P71 P8, F9,1 P10, 1 P1q,1 P12.1 P13,1 Pib 1 P15,1 P16,1 P17,1 P18,1 P19,1 P20,1 [P21,1 |P22,71 |P23,1 [P24,1 P25,1 P26, 1 P2%2.1 P28,1 | P29,1 | P30,1 | P31,1 | P32,1 | P33,1 | P34, P35,1| P36,1 | P37,1 | P38,1| P39,1
Restraints uni&_—a 1 acre| 1 acre| 1 acre| 1 acre| 1 acre| 1 acre| 1 acre | 1 acre| 1 acrel1 acre| 1 acrel| 1 acre 1 acre| 1 acre |1 acre 1 acre | 1 acre | 1 acre| 1 acre | 1 acre|1 acre|l1 acre|1l acre!10 hours|{10 hours |10 hours|10 hourms §1 %1 %1 %1 %1 $1 %1 %1 3 | %1 %1 $1
R1,1 tax-free cash, beginning
year 1 $1 27000 > L8 . Lo 226.76| 190.86 55.52 | 166.94| 305.06| 69.58 55.66( 166.94| 39.80| 226.76| %49.39 190.86 SS9 | 39.50 23,48 | 180.00 | 101.00 | 121.52 3.06 7.20 7.20 220 720 1.00
R2,1 peach land 1 acre 25 > 1.00 1.00
K3,1 asparagus land 1 2l > 1.00 1.00
Rl , 1 annual cropland L 106.5 |>» 1.00 1.00 1.00 1.00{ 1.00 1.00 1.00 1.00 1.00 1.00 1.00| =-1.00| -1.00| 1.00
R5,1 perennial cropland U 0 > 1.00 1.00 -1.00
R6, 1 intercropped land J 0 > 1.00 1.00 1.00 1.00 1.00 -0.75
R7,1 cropland transfer control Y 106.5 | > 1.00
R8, 1 Spring labour 1 hour | 6212 »| 102.05 5.25| 44,74 90.60 6.50| 16.09 0.95! 102.39 6.50] 2.51 5.25| 17.28 Ly ,24 1 90.60 0. 34 118.89 10.80 -10.00
k9,1 Summer labour L 3871 > | 204.69 12.75| 68.35 12.20 10.00] 51.99| 22.11| 204.69] 10.00| 2.69 12.75] 101.41 68.%35| 12.20 1.08 29.85| 93.70 -10.00
R10,1 Autumn labour " L4987 > 1.75| 158.70 13.60| 68.67| 50.18 9.23 2.18| 68.67] 1.78 1.75| 156.75 158.70| 13%.60 0.86 50.90 L4.00 7.00 -10.00
R11,1 Winter labour L 1095 > 35.20| 100.80| 47.50| 24.50 0.30 0.70 0.30| 24.50f 1.03| 35.20| 65.03 | 100.80| 47.50 0.24 0.75| 83.40| 16.10| 68.20 15.00 -10.00
R12,1 beetroot limit 1 acre i > 1.00 1.00
R13,1 potato limit 1 ton 70 > 10.00 10.00
R1k4,1 asparagus limit 1 acre 36 > 1.00 1.00
R15,1 carrot limit 1 ton 60 > 16.70 16.70
R16,1 tomato limit 1 acre 21 > 1.00
R17,1 green bean limit " 27 > 1.00
R18,1 pea limit " 19 > 1.00
k19,1 broad bean limit ” 5 > 1.00
R20,1 kumara limit L 2k > 1.00 1.00 1.00
R21,1 mangold limit " 8 > 1.00 1.00
R22,1 ryegrass limit L 12 > 1.00
R23,1 apple limit, year 1 i 10 >
R24 1 tomato-potato rotation limit n 106.5 | > 5.00 5.00 5.00 -0.75 1.00f =1.00! =1.00
R25,1 carrot rotation limit " 106.5 |2 4,00 4 .00 -0.75 1.00| -1.00[ -1.00
k26,1 pea rotation limit " 106.5 |» 3.00 1.00] -1.00} -1.00
R27,1 sreen hean rctation limit i 106.5 > 3.00 1.00| -1.00f =1.00
R28,1 pre-tax cash receints, end
vear 1 T 8748.28 | > [-500.00|-567.80|-756.20|-3%37.50|-0440,00|-709. 44 [-234 .13 |-505.44 | -440.00[<105.44 |-567.801030.40 | -756.00|-3%37.50 | -84.10 -331,.3%2|-764.40 1.00 1.00 | 1.00f 1.00 1.00| 1.00 1.00 1.00 1.00( 1.00 1.00| -0.08
R29,1 tax deductions " 39026 > | -48.42[-226.76|-190.86| -55.52|-166.94|-305.06| -69.58 | -55.66|-166.94] -%9.80|-226.76|-349.39 | -190.86| -55.52 | -39.50 -23%.481-180.00| -101.00(-121.52 -3.06 -7.20 -7.20 -7.20 -7.20 1.00
R30,1 tax limit 1:1 T 268 » 1.00 ;
R31,1 tax limit 2:1 " 718 > 1.00
R32,1 tax limit 3%:1 " 1000 > 1.00
B33,1 ¢ tax limit 4:1 " 800 > 1.00
R34.1 :+ tax limit 5:1 i 1000 > 1.00
R35,1 tax limit 6:1 " 1000 > 1.00
R30, 1 tax limit 7:1 e 1000 > 1.00
R37,1 tax limit 8:1 " 1200 > 1.00
R38,1 tax limit 9:1 " 1200 > 1.00
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Table A.7 Sub-Matrix g
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o o o o 4+ « P — P P P o —~ & o Y = oy [ [ &y 4 % & &y ty (A + 4
4 42 o [ 3 42 o T kM £ fo) “ £ 0, o o T ] [ 0w ¥ w (s} 12} w0 w w w w w w w w [S 313}
] © 3} + (1] - o © bo [ ol © —~ o =T = =1 O T & = £ = fa =] = = =l i =} ] = - i
? E g 3 g g E 2 g =] o 1) T g o 2, Ja g o d 22 ® oo — Mo X @ X © X oo ¥ X © Ko %o % % © X o o
A 3 s & o, S o g g = & 8 < 5 < 2 54 238 | 488 = S & £ & & & & & & &l & & & & & & & & & SAad &
B 6,1 P7,1 P8,1 P9, 1 P10,1 P11,1 P12,1 P13,1 Pk, P15,1 P16,1 P17,1 P18, P19,1 P20,1 P21,1 P22,1 P23,1 P28,1 P29,1 P30,1 P31,1 P32,1 P33,1 P34,1 55,1 P36, P37,1 P38,1 P39,1
Restraints uni; —~3 1 acre 1 acre 1 acre 1 acre 1 acre 1 acre 1 acre 1 acre 1 acre 1 acre 1 aére 1 acre 1 acre 1 acre 1 acre 1 acre 1 acre 1 acre $1 $1 1 %1 5 $1 $1 51 $1 51 $1 51
—
R1,2 : tax-free cash,
beginning year 2 $1 -39216 > 1.58 32.04 -1.00 -0.925 -0.775 -0.712 -0.637 ~0.575 ~0.513 ~0.443 -0.368 -0.325 -1.00 -1.00
R2,2 : peach land 1 acre 0 ¥ -1.00
R3,2 : asparagus land " 0 ¥ -1,00
R4,2 : annual cropland " 0 > -1,00 -1.00 -1.00 -1.00 ~1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1,00
R6,2 : intercropped land " 0 > ~-0.75
R7,2 : cropland transfer control n 106.5 |>» 1,00
R8,2 : Spring labour 1 hour 5948 > 3,50 12.00
R9,2 : Summer labour M 2833 > 1.00 4,50
R10,2 : Autumn labour L 3910 > 0.86 3.50
R11,2 : Winter labour 1 507 > 0.+75 10.00
R14,2 : asparagus limit 1 acre 36 > 1.00
R2L,2 : tomato-potato rotation 1imit H (o] > -1.00 -1.00 -1.00 -1,00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 ~0.75 -1.00
R25,2 : carrot rotation limit L 0 > -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -0.75 -1.00
R26,2 : pea rotation limit A 0 > -1.00 -1.00 -1.00 -1.00 -1.00 -1.,00 -1.00 -1.00 -1.00 -1,00 -1.00
R27,2 : green bean rotation limit L) 0] > -1.00 -1.00 -1.00 -1.00 -1,00 -1.00 -1.00 -1.00 ~1.,00 -1,00 -1.00
R29,2 tax deductions $1 29026 > -1.58 ~32.04
R1,3 : tax-free cash,
beginning year 3 $1 -39216 b 1458 63.87
R7,3 ¢ cropland transfer control 1 acre 106.5 | > 1.00 -1.00 -1.00
R8,3 : Spring labour 1 hour 5781 2 2.00 14.00
R9,3 : Summer labour n 3303 > 2,00 17.50
R10,3 : Autumn labour " 2833 > 0.86 3.50
R11,3 : Winter labour " -78 > 0.75 30.80
R14,3% : asparagus limit 1 acre 36 > 1.00
R29,3 : tax deductions $1 39026 > -1.58 -63%.87
R1,4 : tax-free cash,
beginning year 4 $1 -39216 > 1.58 147, 4l
R7,4 : cropland transfer control 1 acre 106.5 | > 1.00 w00 -1.00
R8,4 : Spring labour 1 hour 5648 > 60.38 15,50
R9,4 : Summer labour 4l 2282 > 14.76 67.3%0
R10,4 : Autumn labour i 1759 > 0.86 21.50
R11,4 : Winter labour " -786 > 0675 47,20
R14t,4 : asparagus limit 1 acre 36 > 1,00
R28,4 : opre-tax cash receipts,
end year 4 $1 2670k.12( Y -118.33 | =151.00
R29,’+ . tax deductions 1} 39026 } _1.58 _1;4_7.[{_‘]_!_




Table A.8

Sub-Matrix h

266

8;
:-g g bt = B 1 g =~
0 % = &C (] t;
=) ) ~ o W ] ey e
o i © @~ oW r- T,
Ual m = s PO = - f = N [ 300~ B
+2 = =8 s O [t =T 1] o c®
® n) Q. g MoK 0 g & O o &
A < < <O H . £
o <
B P18,1 P19,1 F20,1 F21,1 P22,1
Restraints unit = 1 acre 1 acre 1 acre 1 acre 1 acre
4
R1,5 : tax-free cash, beginning year 5 $1 -59216 > 1458 176.02
R7,5 cropland transfer control 1 acre 106.5 > 1.00 -1.00 -1.00
R8,5 : Spring labour 1 hour 5599 > 102.36 1550
R9,5 Summer labour " 751 > 25.58 100,30
R10,5 Autumn labour " -395 > 0.86 30.20
R11,5 Winter labour " -1377 >3 0.75 67.70
R14,5 asparagus limit 1 acre 26 > 1,00
R28,5 pre-tax cash receipts, %1 33977.22 > -283.99 -226.50
end year 5
R29,5 : tax deductions n 42826 > -1.58 -176.02
R1,6 : tax-free cash, beginning year 6 &1 -39216 > 23.48 312.18
R7,6 : cropland transfer control 1 acre 106.5 i 1.00 -1.00 -1.00
R8,6 Spring labour 1 hour 5549 > 135.43% 15.50
R9,6 : Summer labour L -246 > 34,11 137,60
R10,6 : Autumn labour " -1475 b 0.86 75.30
R11,6 : Winter labour " =1503 > 0.75 87.20
R14,6 : asparagus limit 1 acre 36 > 1.00
R?8,6 : pre-tax cash receipts, “1 L4a39,18 > -378.66 -604.00
end of year 6
R29,6.: tax deductions " 40566 b -23,.48 -312.18
R39,6 : total apple plantings 1 acre 30 S 1.00
Ri1,6 : final assets $1 0 > -15524




APPENDIX B

DATA OF THE RISK PROGRAMMING MODEL

OF CHAPTER 6

B.1 Description of the Data

This appendix includes, for all activities in each of the three
vears studied, data on the guantities of produce sold, acreages cropped
and yields per acre (table B.1), and the realised gross revenues
(table B.2). All activity variable costs are detailed in table B.3,
and the variance and covariance of activity net revenues over the three

year period are given in table B.4.
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Table B.1 Quantities Sold, Acreages and Yields
Activity Year Quantity Acreage Yield
Sold
(cases) (cases/
acre)
P1 & P12 : Spring carrot 1963/64 1376 2.5 550
1964/65 1264 2.5 506
1965/66 6864 13.0 528
P2 & P13 : parsnip 1963/64 217 0.5 L3l
1964/65 261 1.0 261
P3 & P14 : crown pumpkin 1963/64 209k 6.0 349
1964 /65 2231 12.0 186
1965/66 1337 10.0 134
P4t & P15 : buttercup pumpkin | 1963/64 77 0.2 285
1964/65 789 245 316
1965/66 1362 3.0 L5l
P5 & P16 : butternut pumpkin 1964/65 623 1.5 415
1965/66 599 1.5 399
P6 & P7 : cauliflower 1963/64 1273 3.0 L2k
1964 /65 2207 6.0 368
1965/66 2301 55 418
P8 & P9 : cabbage 1963/64 1055 2,0 528
1964/65 1149 3.0 383
1965/66 2046 3 79 546
P10 & P11: lettuce 1963/64 630 1.0 630
1964/65 659 1.0 659
1965/66 651 0 651




269

Table B.2 Average Net Wholesale Prices, Yields and
Gross Revenues
Activity Year Averace Yield Gross

Net Price Revenue
($/case) (cases/ | ($/acre)

acre)
P1 & P12 Spring carrot 1963/64 | 1.514 550 832.70
1964/65 | 1.250 506 632.50
1965/66 | 2.298 528 1213, 34
P2 & P13 parsnip 1963/64 | 0.878 Lzl 381.06
1964/65 | 1.260 261 328.86
P3 & P14 crowvn pumpkin 1963464 1.190 349 415,32
1964/65 | ©.780 186 145.08
1965/66 0.896 134 120.06
Pk & P15 buttercuv pumpkin|1963/64 1.178 z285 5%, 54
1964/65 | 0.700 316 221.20
1965/66 0. 784 454 355.94
P5 & P16 butternut pumpkin|1964/65 | 0.576 L1s 2%7.0k4
1965/66 | 0.966 399 385,44
P6 Winter cauliflower | 1963/64 1272 Loy 539, 32
1964/65 | 1.700 368 625.60
1965/66 1.900 418 794, 20
P7 Spring cauliflower | 1963/64 | 1.138 Lok 482.52
1964 /65 1.466 268 539.48
1965/66 | 1.600 418 668.80
P8 Winter cabbage 1963/64 | 1.062 528 560. 74
1964 /65 1,238 %83 Lok 16
1965/66 | 1.362 546 743.66
P9 Spring cabbage 1963/64 | 1.000 528 528.00
1964/65 | 1.110 383 425,14
1965/66 | 1.378 546 752.3%8
P10 Winter lettuce 1063/64 | 1.646 630 | 10%6.98
1965/66 | 3.260 651 2122.26
P11 Spring lettuce 1963/64 | 1,828 630 | 1157.94
1964/65 | 1.250 659 823.76
1965/66 | 0.858 651 558.56
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Table B.3 Variable Costs (% per acre)
Activity Seed Fertiliser | Spray Tractor Contract Containers Total Variable Costs
1963/64| 196L4/65 1965/66 1963%/64 1964 /65 1965/66
P1 & P12 Spring carrot 13.50 6.75 6.40 14.37 71.42 55¢35 50.95 53.09 167.79 163,39 165.53
P2 & P13 parsnip 7.50 6.76 6.40 14,38 11.42 - - - 46.46 4L6.46 | no crop
P3 & P14 crown pumpkin 1%.20 20.00 3.34 8.u44 24 .00 17.46 9.30 6.70 86.44 78.28 75.68
Pt & P15 : buttercup pumpkin 5.70 20.00 3.3k 8.44 - - - - 37.48 37.48 37,48
PS & P16 : butternut pumpkin 2.80 20.00 3434 8.4k - - - - no crop 34,58 34 .58
P6 Winter cauli flower 10.50 20.00 3.88 14,72 11.42 21.20 18.40 20.90 81.72 78.92 81.42
P7 Soring cauliflower 10.50 20.00 3,88 14,42 T1.42 21.20 18.40 20.90 81.42 78.62 81.12
P8 llinter cabbage 12.50 20.00 5,88 14,72 11.42 26.40 19.16 27.30 88.92 81.68 89.82
PQ Spring cabbage 12.50 20.00 3.88 142 11.42 26.40 19.16 27.30 88.62 81.38 89.52
P10 : Winter lettuce 3.00 20.00 36.64 3,24 11.42 31.50 |no crop 32.56 105.80 | no crop | 106.86
P11 Spring lettuce 3.50 20.00 27.48 3,28 - 31.50 32.96 32,56 85.76 87.22 86.82
Note: Parsnip, buttercup and butternut crops are marketed in bushel cases which have a zero net cost - they are purchased at 10 cents

each, but the grower receives a refund of 10 cents for

each bushel case sent to the market.
crown pumpkin crops are marketed in banana cases which cost 15 cents each to purchase but after deducting the 10 cents refund,
have a net cost of five cents.

Carrots are marketed in plastic bags (containing 50 pounds) which cost $125.80 per thousand.

Cabbage, cauliflower, lettuce and
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Table B.4 The Net Revenue Variance - Covariance Matrix (%)
Activity Spring Parsnip Crown Buttercup | Butternut Winter Spring Winter Spring Winter Spring
Carrot Pumpkin Pumpkin Pumpkin Cauliflower | Cauliflower | Cabbage Cabbage | Lettuce Lettuce
P1 & P12 |P2 & P13 | P3 & P14 (P4 & P15 | PS5 & P16 P6 BE7 P8 j=te) P10 P11

P1 & P12 Spring

carrot B6617.52 | 2107.92 | =11765.28 [14346.52 5991.48 29394 ,80 22186.00 39408.00 | 48152.96 | 43771.84 | -52899.68
P2 & P13 : parsnip 1362.44 1132.96| 835.56 751 .64 927.68 682.4k4 959.76 1172.92 [ 5491.20 2155.32
P3 & P14 : crown

pumpkin 25021.52 [14273.00 3220.,28 | =16611.48 -11931.20 -6141.84 | =7612.36| 23526.44 | L4121.08
P4 & P15 : buttercup

pumpkin 13610.40 2375.00 -3870. 36 =2501.20 5980.76 7233%,40| 17351.08 | 16817.76
P5 & P16 : butternut

pumpkin 11011.28 2636.80 1939.76 2728.04 3233 88 | 15607.96 6126.24
P6 : Winter cauliflowen 16773.56 12333.28 13798.72 | 16918.72| 19263.76 | -37850.40
P?7 : Spring cauliflower 9077.76 10394.28 | 12741.84 | 14171.20 | -27611.64
P8 : Winter cabbage 17955.88 | 21944 .04 | 19930.08 | -25311.76
P9 : Spring cabbage 26818.56 | 24356.36 | -31098.36
P10: Winter lettuce 587766.52 | 44756.44
P11: Spring lettuce 96550.28
Note: Only half of the variance-covariance matrix needs to be presented since the covariance of, for example, Spring lettuce and Spring

carrot net revenues, will be the same as that of Spring carrot and Spring lettuce net revenues.






