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Abstract

Benefits of a climate forecasting system based on identification of phases of the

Southern Oscillation were valued for a dryland wheat grower in the vicinity of

Goondiwindi. In particular the sensitivity of this value to variation in risk attitude and

planting conditions was examined.

Recursive stochastic programming was used to model the sequential decision process

within which the climate forecasts would be utilised. The model was designed to

identify the actions, including within-season tactical responses to climatic events, that

would be chosen in the imminent season with and without use of the forecasts. Actions

were identified in the event of each of the climate patterns over the period 1894-1991

recurring. The grower was assumed to apply the expected utility criterion in choosing

among actions. The actions at planting time related to choices of nitrogen application

rate and cultivar and, at either anthesis or grain maturity, to choices of proceeding with

or abandoning each wheat activity.

The action sets identified were used to derive probability distributions for monetary

outcomes with and without use of the forecasts. The value of the forecasting system

was calculated as the maximum fee the grower could afford to pay for its use without

utility being lowered relative to its non-use.

The estimated value of the forecasting system was positive in all of the 60 decision

environments analysed except for three where it was zero. The estimated value varied

considerably according to assumptions made regarding risk attitude and planting

conditions. The mean value across the various sets of planting conditions analysed

varied between $3.52 and $3.83 per hectare available for wheat growing, depending on

the assumed risk attitude of the grower. Variation in risk attitude and planting

conditions did not exhibit a consistent directional effect on the estimated value of the

forecasting system.



111

Contents

Declaration	 i

Abstract	 ii

List of Tables	 vi

List of Figures	 ix

Acknowledgements 	 x

1. Introduction	 1

1.1	 Background	 1

1.2	 Allocating research resources to climate forecasting 	 2

1.3	 The climate forecasting system	 3

1.4	 Study objectives	 6

1.5	 Outline of dissertation	 7

2. Value to Farmers of Climate Forecasts: a Literature Review	 8
2.1	 Overview	 8

2.2	 Theory	 9

2.3

2.4

2.5

2.6

2.7

3. Method and Data 	 26

3.1	 Overview	 26

3.2	 The case study enterprise 	 26

3.3	 The farmer's decision problem 	 31

3.4	 Risk attitude	 36

2.2.1	 Expected utility theory 10

2.2.2	 Theory of information value 12

2.2.3	 Determinants of information value 14

Approaches to valuing climate forecasts 15

Accounting for risk attitude 17

Assessment of subjective prior probability 21

Modelling farmer choices 23

Summary 24



iv

3.5	 Subjective probabilities	 39

3.5.1 Agronomic simulation	 39

3.5.2 Planting conditions	 40

3.5.3 Varietal types	 42

3.5.4 Prior subjective probabilities for stage 1 decisions	 42

3.5.5 Posterior probabilities for stage 1 decisions	 44

3.5.6 Prior subjective probabilities for stage 2 decisions	 45

3.5.7 Posterior probabilities for stage 2 decisions 	 46

3.5.8 Probabilities for stage 3 decisions	 47

3.6	 Monetary consequences	 47

3.7	 Identifying the optimal actions with and without forecasts 	 49

3.8	 The sequential decision model	 50

3.9	 Net payoff from the wheat enterprise 	 55

3.10 Valuing the climate forecasting system for the wheat enterprise 57

3.11 Summary	 57

4. Results	 58
4.1	 Overview	 58

4.2	 Value of the climate forecasting system 	 58

4.3	 Patterns in the relationship between the value of climate

forecasting, planting conditions and risk attitude 	 60

4.4	 Characteristics of the prior PDFs for monetary outcomes	 65

4.5	 Effect of climate forecasting on PDFs for monetary outcome 	 73

4.6	 Effect of use of climate forecasting on stage 1 options 	 74

4.7	 Performance of forecasts in the short run 	 84

4.8 Summary	 87

5. Conclusions	 88
5.1	 Research findings	 88

5.2	 Contributions to a method of valuing farmer benefits from climate

forecasts	 90

5.3	 Limitations of the study	 92

5.4	 Priorities for further research	 93



Appendices
1. Method of accounting for the impact of frosts 	 95

2. Method of calculating fixed costs of the wheat enterprise 	 96

3. Method of calculating option net payoffs 	 97

A3.1 Stage 1 net payoffs 	 97

A3.1.1 Cost of stage 1 options	 97

A3.1.2 Net payoffs 	 98

A3.2 Net payoff from grazing at stage 2 	 100

A3.3 Net payoff from grazing at stage 3 	 101

A3.4 Net payoff from harvesting at stage 3	 102

4. Examples of cumulative distribution functions for the effect of use of

climate forecasts on profit	 105

V

References	 111



vi

List of Tables

Table 3.1:	 Historical frequency of end-April and end-May Southern

Oscillation phases	 45

Table 4.1	 Value of climate forecasting under various planting conditions

when R, equals 0	 59

Table 4.2	 Value of climate forecasting under various planting conditions

when R, equals 0.75	 59

Table 4.3	 Value of climate forecasting under various planting conditions

when R, equals 1.5	 60

Table 4.4	 Effect of risk attitude on value of climate forecasting when

soil nitrogen = 40 kg/ha and soil moisture = 50% 	 63

Table 4.5	 Effect of risk attitude on value of climate forecasting when soil

nitrogen = 40 kg/ha and soil moisture = 80% 	 63

Table 4.6	 Effect of risk attitude on value of climate forecasting when soil

nitrogen = 70 kg/ha and soil moisture = 50% 	 64

Table 4.7	 Effect of risk attitude on value of climate forecasting when soil

nitrogen = 70 kg/ha and soil moisture = 80% 	 64

Table 4.8:	 Measures of the prior and posterior PDFs for profit. Assumptions:

soil nitrogen = 40 kg/ha; soil moisture = 50%; Rr = 0	 67

Table 4.9:	 Measures of the prior and posterior PDFs for profit. Assumptions:

soil nitrogen = 40 kg/ha; soil moisture = 80%; R, = 0	 67

Table 4.10:	 Measures of the prior and posterior PDFs for profit. Assumptions:

soil nitrogen = 70 kg/ha; soil moisture = 50%; R, = 0	 68



vii

Table 4.11:	 Measures of the prior and posterior PDFs for profit. Assumptions:

soil nitrogen = 70 kg/ha; soil moisture = 80%; R, = 0	 68

Table 4.12:	 Measures of the prior and posterior PDFs for profit. Assumptions:

soil nitrogen = 40 kg/ha; soil moisture = 50%; Rr = 0.75	 69

Table 4.13:	 Measures of the prior and posterior PDFs for profit. Assumptions:

soil nitrogen = 40 kg/ha; soil moisture = 80%; R, = 0.75	 69

Table 4.14:	 Measures of the prior and posterior PDFs for profit. Assumptions:

soil nitrogen = 70 kg/ha; soil moisture = 50%; R, = 0.75	 70

Table 4.15:	 Measures of the prior and posterior PDFs for profit. Assumptions:

soil nitrogen = 70 kg/ha; soil moisture = 80%; R1 = 0.75	 70

Table 4.16:	 Measures of the prior and posterior PDFs for profit. Assumptions:

soil nitrogen = 40 kg/ha; soil moisture = 50%; R, = 1.5	 71

Table 4.17:	 Measures of the prior and posterior PDFs for profit. Assumptions:

soil nitrogen = 40 kg/ha; soil moisture = 80%; R, = 1.5	 71

Table 4.18:	 Measures of the prior and posterior PDFs for profit. Assumptions:

soil nitrogen = 70 kg/ha; soil moisture = 50%; R1 = 1.5	 72

Table 4.19:	 Measures of the prior and posterior PDFs for profit. Assumptions:

soil nitrogen = 70 kg/ha; soil moisture = 80%; Rr = 1.5	 72

Table 4.20	 Stage 1 prior optimal and Bayes' actions. Assumptions: soil

nitrogen = 40 kg/ha; soil moisture = 50%; Rr = 0	 76

Table 4.21	 Stage 1 prior optimal and Bayes' actions. Assumptions: soil

nitrogen = 40 kg/ha; soil moisture = 80%; Rr = 0	 76

Table 4.22	 Stage 1 prior optimal and Bayes' actions. Assumptions: soil

nitrogen = 70 kg/ha; soil moisture = 50%; Rr = 0	 77



viii

Table 4.23	 Stage 1 prior optimal and Bayes' actions. Assumptions: soil

nitrogen = 70 kg/ha; soil moisture = 80%; Rr = 0	 77

Table 4.24	 Stage 1 prior optimal and Bayes' actions. Assumptions: soil

nitrogen = 40 kg/ha; soil moisture = 50%; R1 = 0.75	 78

Table 4.25	 Stage 1 prior optimal and Bayes' actions. Assumptions: soil

nitrogen = 40 kg/ha; soil moisture = 80%; Rr = 0.75	 78

Table 4.26	 Stage 1 prior optimal and Bayes' actions. Assumptions: soil

nitrogen = 70 kg/ha; soil moisture = 50%; R, = 0.75	 79

Table 4.27	 Stage 1 prior optimal and Bayes' actions. Assumptions: soil

nitrogen = 70 kg/ha; soil moisture = 80%; Rr = 0.75	 79

Table 4.28	 Stage 1 prior optimal and Bayes' actions. Assumptions: soil

nitrogen = 40 kg/ha; soil moisture = 50%; R, = 1.5	 80

Table 4.29	 Stage 1 prior optimal and Bayes' actions. Assumptions: soil

nitrogen = 40 kg/ha; soil moisture = 80%; R, = 1.5 	 80

Table 4.30	 Stage 1 prior optimal and Bayes' actions. Assumptions: soil

nitrogen = 70 kg/ha; soil moisture = 50%; Rr = 1.5	 81

Table 4.31	 Stage 1 prior optimal and Bayes' actions. Assumptions: soil

nitrogen = 70 kg/ha; soil moisture = 80%; R, = 1.5	 81

Table 432	 Probabilities of forecasting success and failure when

R, equals 0	 86

Table 4.33	 Probabilities of forecasting success and failure when

R, equals 0.75	 86



ix

Table 4.34	 Probabilities of forecasting success and failure when

R, equals 1.5	 87



x

List of Figures

	3.1	 Outline decision tree for the wheat enterprise 	 33

	

3.2	 A general description of the process of modelling sequential decisions

and valuing the forecasting system 	 53



xi

Acknowledgements

I am grateful to the following people who helped me to complete the research

culminating in this dissertation:

Kevin Parton and Garry Griffith, my supervisors, for their sage advice and diligent

editing.

Graeme Hammer and Roger Stone at the Agricultural Production Systems Research

Unit, Toowoomba, for inviting me to extend their work valuing the climate forecasting

system and for sharing their thoughts and technical expertise with me.

Dean Holzworth at the Agricultural Production Systems Research Unit for running the

agronomic simulations using the wheat module of APSIM.

David Woodruff of the Wheat Research Institute, Toowoomba, for discussing with me

the effects of frost on wheat yield and quality.

Peter Cox at CSIRO, Toowoomba, for his thoughts concerning various aspects of

valuing a climate forecasting system.

Peter Hayman at NSW Agriculture, Tamworth, for a range of discussions which helped

me to make sense of the science.

My colleagues in the Department of Agricultural and Resource Economics at the

University of New England for their company.

My ex-colleagues in the Economic Services Unit of NSW Agriculture for encouraging

me to enrol in this degree, for giving me moral support in doing the coursework and for

paying most of my HECS fees.

Nevertheless the shortcomings of this dissertation are my fault alone.


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12

