
vii

Contents
List of Figures ix

List of Tables xi

1 Introduction 1

2 The commodity market and stochastic price models 5
2.1 Fundamentals on commodities and the spot commodity market........................ 5
2.2 Introduction to the commodity futures market.................................................. 10
2.3 Relation of commodity spot and futures prices.................................................. 12

2.3.1 The theory of storage............................................................................... 12
2.3.2 The risk premium concept....................................................................... 15

2.4 Stochastic price modeling for commodity spot and futures prices..................... 17
2.4.1 The one-factor model by Schwartz (1997)............................................ 18
2.4.2 The two-factor model by Schwartz and Smith (2000)........................... 24
2.4.3 The agricultural commodity price model by Sorensen (2002) ............ 28

3 A machine learning-based price state prediction model using external factors 31
3.1 Literature review................................................................................................. 32
3.2 Introduction of the clustering and classification algorithms............................. 34

3.2.1 The K-means clustering algorithm ........................................................ 34
3.2.2 The K-nearest neighbors and random forest algorithm........................ 38
3.2.3 Evaluation and selection of classification models ................................ 44

3.3 A ML-based price state prediction model for the valuation of futures prices . . 46
3.3.1 The reference price model and Kalman filtering for the valuation of

agricultural commodity futures.............................................................. 47
3.3.2 Identification of historical price states using K-means clustering .... 53
3.3.3 Prediction of price states using K-nn and RF-classification..................... 54

3.4 Empirical and simulation results......................................................................... 54
3.4.1 Data and stylized facts............................................................................ 55
3.4.2 Identification of historical price states using K-means clustering . ... 59
3.4.3 Parameter calibration for different price states...................................... 61
3.4.4 Prediction of price states using K-nn and RF classification................... 62
3.4.5 Simulation results and comparison of the price models........................ 66

3.5 Conclusion .......................................................................................................... 69

https://d-nb.info/1261907922


viii Contents

4 Portfolio optimization 71
4.1 Market model setting........................................................................................... 73

4.1.1 Modeling the commodity log spot price nd convenience yield............  73
4.1.2 The stochastic market price of risk and the commodity futures price . . 75

4.2 The portfolio optimization problem in the commodity market model............  80
4.2.1 The investor’s self-financing trading strategy and wealth process .... 80
4.2.2 Solving the portfolio optimization problem using stochastic control meth­

ods ............................................................................................................. 83
4.3 Allocation effects on the optimal portfolio process............................................ 88

4.3.1 Theoretical analysis on the sensitivity and asymptotic behavior .... 88
4.3.2 Simulation results................................................................................ . 92

4.4 Comparison of the optimal portfolio process with deterministic strategies . . . 103
4.4.1 The deterministic strategies.............................................................. 103
4.4.2 Simulation results............................................................................. 106

4.5 Model parameter estimation of the log spot and futures price process....... 114
4.5.1 Maximum likelihood estimation of the spot model parameters.........114
4.5.2 Maximum likelihood estimation of 6................................................ 117

4.6 Proofs of Theorem 4.4 and Theorem 4.6..........................................  122
4.6.1 Proof of Theorem 4.4: Derivation of the candidate solution of the HJB- 

equation and the candidate optimal portfolio process.................. 122
4.6.2 Proof of Theorem 4.6: On the optimality of the candidate solution of 

the HJB equation and the candidate portfolio process.................. 130
4.7 Conclusion .......................................................................................................... 141

Appendices 143

A Comparison of the ML-price model and the reference model 143

B On the well-definiteness of the auxiliary functions and their properties 145

C Proof of Theorem 4.12 151

Bibliography 163

Scientific career 173

Wissenschaftlicher Werdegang 175


