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Abstract

In this thesis, we develop an expected utility model for retirement behaviour in

the decumulation phase of Australian retirees with sequential family status subject

to consumption, housing, investment, bequest, and a government-provided means-

tested Age Pension. We account for mortality risk and risky investment assets,

and we introduce a “health” proxy to capture the decreasing level of consumption

for older retirees. The model is calibrated using the maximum likelihood method

with empirical data on consumption and housing from the Australian Bureau of

Statistic’s 2009-2010 ‘Household Expenditure Survey’ and ‘Survey of Income and

Housing’. The calibrated model fits the characteristics of the data well to explain the

behaviour of Australian retirees, and is then used to examine the optimal decisions

given recent Age Pension policies and different family settings. Specifically, we

examine optimal decisions for housing at retirement, and the optimal consumption

and risky asset allocation depending on age and wealth for the Age Pension policies

2015-2017.

As the piecewise linearity in the Age Pension function requires the stochastic

control problem to be solved numerically, we utilise the Least Squares Monte Carlo

method to extend the problem with additional dimensions and control variables.

This method is difficult to use with utility functions, as it can lead to a bad fit or

bias from transforming variables. We suggest methods to account for this bias, and

show that the Least Squares Monte Carlo is then accurate when applied to expected

utility stochastic control problems. We then extend the optimal decisions to include

annuitisation, as well as the option to scale housing in retirement or to access home

equity through a reverse mortgage, and examine optimal decisions with respect to

the Age Pension in retirement.

v



vi



Table of contents

1 Introduction 1

1.1 Background . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

1.1.1 The Australian retirement system . . . . . . . . . . . . . . . . 3

1.1.2 Revisions and changes to the system . . . . . . . . . . . . . . 5

1.2 Literature review . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

1.2.1 Australia specific research . . . . . . . . . . . . . . . . . . . . 10

1.2.2 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

1.3 Objectives and scope . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

1.4 Limitations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

1.5 Research significance . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

1.6 Thesis structure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

1.7 List of publications . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

1.8 List of presentations . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

2 Mathematical background 21

2.1 Utility theory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

2.2 Dynamic programming . . . . . . . . . . . . . . . . . . . . . . . . . . 25

3 Expected utility model for retirement 31

3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

3.2 Model specification . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33

3.2.1 Consumption preferences . . . . . . . . . . . . . . . . . . . . . 37

3.2.2 Housing preferences . . . . . . . . . . . . . . . . . . . . . . . . 38

3.2.3 Bequest preferences . . . . . . . . . . . . . . . . . . . . . . . . 39

3.2.4 Age Pension function . . . . . . . . . . . . . . . . . . . . . . . 40

vii



TABLE OF CONTENTS

3.2.5 Solution as a stochastic control problem . . . . . . . . . . . . 41

3.3 Numerical implementation . . . . . . . . . . . . . . . . . . . . . . . . 44

3.4 Model characteristic . . . . . . . . . . . . . . . . . . . . . . . . . . . 47

3.5 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50

4 Calibration and analysis of Australian retirement behaviour 53

4.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53

4.2 Calibration framework . . . . . . . . . . . . . . . . . . . . . . . . . . 56

4.2.1 Dataset . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56

4.2.2 Assumptions . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57

4.2.3 Age Pension and parameters . . . . . . . . . . . . . . . . . . . 60

4.3 Calibration model and procedure . . . . . . . . . . . . . . . . . . . . 61

4.4 Calibration results . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62

4.4.1 Calibrated parameters . . . . . . . . . . . . . . . . . . . . . . 64

4.4.2 Parameter sensitivity . . . . . . . . . . . . . . . . . . . . . . . 65

4.4.3 Shortcomings of calibration . . . . . . . . . . . . . . . . . . . 66

4.5 Analysis of Age Pension policy . . . . . . . . . . . . . . . . . . . . . . 67

4.5.1 Policy definitions . . . . . . . . . . . . . . . . . . . . . . . . . 67

4.5.2 Age Pension function . . . . . . . . . . . . . . . . . . . . . . . 69

4.5.3 Optimal consumption . . . . . . . . . . . . . . . . . . . . . . . 70

4.5.4 Optimal risky asset allocation . . . . . . . . . . . . . . . . . . 74

4.5.5 Optimal housing allocation . . . . . . . . . . . . . . . . . . . . 77

4.6 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78

5 A Least-Squares Monte Carlo method for solving multi-dimensional

expected utility models 81

5.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81

5.2 Problem definition . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85

5.3 Transformation of utility . . . . . . . . . . . . . . . . . . . . . . . . . 86

5.4 LSMC algorithm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90

5.4.1 Basic algorithm with exogenous state . . . . . . . . . . . . . . 90

5.4.2 Endogenous state and random control . . . . . . . . . . . . . 94

5.4.3 Upper and lower bounds . . . . . . . . . . . . . . . . . . . . . 99

viii



TABLE OF CONTENTS

5.5 Accuracy of solution . . . . . . . . . . . . . . . . . . . . . . . . . . . 99

5.5.1 Consumption model . . . . . . . . . . . . . . . . . . . . . . . 100

5.5.2 Consumption and investment model . . . . . . . . . . . . . . . 101

5.5.3 Bounded solutions . . . . . . . . . . . . . . . . . . . . . . . . 104

5.6 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105

6 Extension of retirement model with annuities and flexible housing

decisions 107

6.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107

6.2 Benchmark model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110

6.2.1 Additional dynamics and states . . . . . . . . . . . . . . . . . 111

6.2.2 Stochastic control problem definition . . . . . . . . . . . . . . 113

6.3 Extensions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 117

6.3.1 Extension 1 - Annuitisation . . . . . . . . . . . . . . . . . . . 117

6.3.2 Extension 2 - Scaling housing and reverse mortgages . . . . . 123

6.3.3 Numerical solution . . . . . . . . . . . . . . . . . . . . . . . . 127

6.4 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 127

6.4.1 Extension 1: Annuitisation . . . . . . . . . . . . . . . . . . . . 127

6.4.2 Extension 2: Scaling housing . . . . . . . . . . . . . . . . . . . 132

6.5 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 137

7 Conclusion 139

7.1 Major findings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 140

7.2 Applications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 141

7.3 Further study . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 143

Appendix A Data aggregation 145

Appendix B Duan’s Smearing Estimate 149

Appendix C Controlled Heteroskedasticity 151

Appendix D Solution to multi-period utility model 153

Bibliography 155

ix



TABLE OF CONTENTS

x



List of tables

1.1 Age Pension rates published by Centrelink as at June 2017. . . . . . . 4

1.2 Minimum regulatory withdrawal rates for Allocated Pension accounts

for the year 2017 and onwards. . . . . . . . . . . . . . . . . . . . . . . 5

3.1 Age Pension rates published by Centrelink as at September 2016. . . 42

3.2 Parameters used for the solution. . . . . . . . . . . . . . . . . . . . . 47

4.1 Age Pension rates published by Centrelink as at January 2010. . . . . 61

4.2 Calibrated parameters with standard errors. . . . . . . . . . . . . . . 64

4.3 Sensitivity of control variables when calibrated parameters are adjusted

± 2 standard errors. . . . . . . . . . . . . . . . . . . . . . . . . . . . 66

4.4 Age Pension rates and rules used for policy variations. . . . . . . . . 68

4.5 Minimum regulatory withdrawal rates for Allocated Pension accounts

for the year 2016 and onwards. . . . . . . . . . . . . . . . . . . . . . . 69

5.1 Definition of common polynomials used as basis functions up to the

nth order. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87

5.2 Price and standard error of Bermudan option . . . . . . . . . . . . . 94

5.3 Bounded solutions and differences in control variables with different

basis functions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104

xi



LIST OF TABLES

xii



List of figures

3.1 Optimal consumption given liquid wealth Wt and age, for a single

non-homeowner household. . . . . . . . . . . . . . . . . . . . . . . . . 48

3.2 Optimal allocation to housing given total wealth W at time of retire-

ment for a couple household. . . . . . . . . . . . . . . . . . . . . . . . 49

3.3 Wealth evolution for a single non-homeowner household given differ-

ent starting wealth at t = 65, where wealth is drawn down based on

optimal drawdown and grows with the expected risky return. . . . . . 50

4.1 Quantile-Quantile plot for couple households where the residuals are

assumed to follow a normal distribution. . . . . . . . . . . . . . . . . 63

4.2 Quantile-Quantile plot for couple households where the residuals are

assumed to follow a skew-t distribution. . . . . . . . . . . . . . . . . . 63

4.3 Comparison of Age Pension function under different policies for a

single non-homeowner household aged 65. . . . . . . . . . . . . . . . . 70

4.4 Optimal drawdown (αtwt) and consumption in relation to liquid wealth

for a single non-homeowner household, given different Age Pension

policies and ages. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73

4.5 Comparison of consumption, Age Pension and wealth paths over a

retiree’s lifetime given different Age Pension policies. . . . . . . . . . 74

4.6 Optimal allocation to risky assets for single and couple non-homeowners

given liquid wealth, for different Age Pension policies. . . . . . . . . . 77

4.7 Optimal housing allocation given total wealth W for single and couple

households under various Age Pension policies. . . . . . . . . . . . . . 79

5.1 Optimal consumption αt as a percentage proportion of wealth for four

different solution methods. . . . . . . . . . . . . . . . . . . . . . . . . 101

xiii



LIST OF FIGURES

5.2 Optimal consumption αt as a percentage proportion of wealth when

the model allows risky investments, for four different solution methods.103

5.3 Optimal allocation of risky assets δt for four different solution methods.103

6.1 Comparison between the true value of the annuity assessment for the

asset-test, compared with the approximation under three different

interest rate scenarios. . . . . . . . . . . . . . . . . . . . . . . . . . . 122

6.2 Optimal annuitisation at retirement given initial liquid wealth and no

prior annuitisation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 129

6.3 Optimal total allocation to annuities over the life time in retirement

given initial liquid wealth. . . . . . . . . . . . . . . . . . . . . . . . . 131

6.4 Optimal allocation to annuities over time in retirement given initial

liquid wealth, assuming no previous annuitisation. . . . . . . . . . . . 132

6.5 Wealth, house and reverse mortgage paths in retirement given low,

medium and high initial total wealth. . . . . . . . . . . . . . . . . . . 134

6.6 Optimal proportion of reverse mortgage given housing wealth and

liquid wealth at retirement for a single household. . . . . . . . . . . . 135

6.7 Optimal allocation to housing at retirement for the default case com-

pared to extension model 2 where decisions for scaling housing and

reverse mortgage are available. . . . . . . . . . . . . . . . . . . . . . . 137

xiv


	Title Page
	Declaration of authorship
	Acknowledgement
	Abstract
	Table of contents
	List of tables
	List of figures

