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ABSTRACT 

The loss of biodiversity on agricultural land is of increasing concern, both in 

New Zealand and globally. In New Zealand, historically, that loss is largely a 

result of the clearing of lowland forests and the draining of wetlands for 

increased agricultural production. Biodiversity is a critical component of our 

natural environment and necessary for sustainable development, 

particularly for the ecosystem services (such as, soil stability, nutrient 

retention, and flood protection) it provides. However, it has too long been 

under-valued.  

The aim of this research is to use a stated preference approach, choice 

modelling, to determine the non-market value rural landowners place on 

biodiversity on agricultural land. It employs different attributes for 

biodiversity, and a payment vehicle of an annual contribution, for a 10-year 

period, into a council designated fund to which farmers can apply for 

funding to take actions to enhance indigenous biodiversity on their land. The 

focus of this study is the Waikato Region, due to its diversity of native flora 

and fauna and the pressures placed on it from the region's strong 

agriculture based economy.  An online survey was used to survey rural 

landowners in the region. Usable responses were obtained from 146 

respondents, three-quarters of whom operate their own farm and two-thirds 

of whom have indigenous biodiversity present on their farm.  

A latent class model was used to estimate non-market values, since 

revealed attribute non-attendance (or avoidance) had taken place.  The 

results highlight the importance to farmers of ecosystem services provided 

by indigenous biodiversity, as those attending to all attributes were willing 
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to pay toward maintaining current actions ($43.90/year for 10 years) or, for 

increasing actions to enhance ecosystem services ($59.65/year for 10 

years).  In contrast, however, they were willing to accept an annual 

payment ($49.22/year for 10 years) toward controlling possums and other 

pests. Other results were not clear-cut, making recommendations difficult. 

Perhaps a future study could investigate whether society as a whole places 

value on indigenous biodiversity being present on agricultural land, and 

whether there is a willingness, by society, to pay for this.   

Keywords: choice modelling, biodiversity, non-market valuation, agriculture, 

latent class model, Waikato region, attribute non-attendance. 

.



v 

 

 

ACKNOWLEDGEMENTS 

I would like to acknowledge the support of my two supervisors, Dr Sue 

Cassells and Associate Professor John Holland.  I am extremely grateful for 

their support, patience and guidance throughout the whole journey, this has 

being over the past two years.    

I would like to thank the support and assistance I have received from my 

colleagues at the South Waikato District Council in completing this thesis.  I 

am also thankful for the input, feedback, and useful comments I have 

received by Sally Millar from Federated Farmers Waikato Branch especially 

in the development of the survey from a farmer’s perspective. 

Special thanks to those that were part of the focus group discussions from 

the Waikato Biodiversity Forum and the Waikato Regional Council. 

Thank you to my wife Maryke, for the support you have provided 

throughout the whole process. 



vi 

 

 

TABLE OF CONTENTS 

LIST OF TABLES ................................................................................. ix 

LIST OF FIGURES ................................................................................. x 

Chapter 1 .......................................................................................... 1 

1 Introduction .................................................................................... 1 

1.1 Background ............................................................................. 1 

1.2 Biodiversity on agricultural land in New Zealand .......................... 3 

1.3 Problem Statement .................................................................. 5 

1.4 Aim ........................................................................................ 6 

1.5 Objectives ............................................................................... 6 

1.6 Limitations .............................................................................. 7 

1.7 Thesis outline .......................................................................... 7 

Chapter 2 .......................................................................................... 9 

2 Review of the Literature ............................................................ 9 

2.1 Biodiversity Components ........................................................... 9 

2.1.1 Species diversity and rarity ...................................................... 12 

2.1.2 Habitat .................................................................................. 14 

2.1.3 Ecosystem services ................................................................. 16 

2.2 Value of biodiversity ................................................................ 21 

2.2.1 Total Economic Value ............................................................... 24 

2.3 Valuation Techniques for Non-Market Environmental Valuation ..... 28 

2.3.1 Revealed preference approach .................................................. 29 

2.3.2 Stated preference approach ...................................................... 31 

2.4 Choice Modelling ..................................................................... 34 

2.4.1 Advantages of using CM ........................................................... 35 

2.4.2 Limitations of Choice Modelling ................................................. 37 

2.4.3 The CM technique ................................................................... 40 

2.4.4 Attribute selection ................................................................... 41 

2.4.5 Experimental and Questionnaire Design ..................................... 43 

2.4.6 Theoretical Basis of Choice Modelling ......................................... 47 

2.4.7 Accounting for trade-offs between attributes .............................. 52 

2.5 Review of non-market valuation studies of biodiversity ................ 55 



vii 

 

 

2.5.1 CM method addresses the needs of valuing biodiversity ............... 63 

2.5.2 Selection of attributes to value biodiversity ................................ 64 

2.5.3 Payment vehicles used in choice modelling studies investigating 
biodiversity ....................................................................................... 66 

2.6 Summary ............................................................................... 67 

Chapter 3 ......................................................................................... 70 

3 Case study Description ............................................................ 70 

3.1 Land use change in the Waikato Region from 1840 ..................... 72 

3.1.1 Rural land use today ............................................................... 73 

3.2 The Region today .................................................................... 76 

3.3 Regional biodiversity ............................................................... 77 

3.3.1 Community’s perception of biodiversity ..................................... 79 

3.3.2 Ecosystem services within the region ........................................ 80 

3.4 Legislation ............................................................................. 82 

3.4.1 Conservation covenants ........................................................... 83 

3.5 Summary ............................................................................... 84 

Chapter 4 ......................................................................................... 86 

4 Research Methodology ............................................................. 86 

4.1 Choice Modelling Methodology .................................................. 86 

4.1.1 Characterising the decision problem .......................................... 86 

4.1.2 Attribute definition and level selection ....................................... 87 

4.2 Experimental design ................................................................ 96 

4.3 Questionnaire Design .............................................................. 97 

4.3.1 An introduction ....................................................................... 98 

4.3.2 Statement of a Potential Solution .............................................. 98 

4.3.3 Framing ............................................................................... 100 

4.3.4 Follow-up Questions .............................................................. 101 

4.3.5 Data Collection ..................................................................... 102 

4.3.6 Labelled versus unlabelled ..................................................... 103 

4.3.7 Sample Design ..................................................................... 104 

4.3.8 Data validation ..................................................................... 106 

4.3.9 Pilot testing and implementation ............................................. 108 

4.4 Summary ............................................................................. 108 



viii 

 

 

Chapter 5 ....................................................................................... 109 

5 Data Analysis and Results ...................................................... 109 

5.1 Survey results ...................................................................... 109 

5.2 Choice Modelling ................................................................... 112 

5.2.1 Latent Class Models ............................................................... 114 

5.2.2 Model Specifications .............................................................. 115 

5.2.3 Data coding .......................................................................... 116 

5.2.4 Criteria for determining optimal number of classes .................... 118 

5.3 Model results ........................................................................ 118 

5.3.1 Welfare measures ................................................................. 122 

5.3.2 Summary ............................................................................. 124 

Chapter 6 ....................................................................................... 127 

6 Discussion ............................................................................ 127 

6.1 Economic value of biodiversity ................................................ 127 

6.2 Biodiversity management in the Waikato Region ....................... 130 

6.2.1 Protecting locally important flora and fauna .............................. 131 

6.2.2 Protecting ecosystem services ................................................ 133 

6.3 Status quo ........................................................................... 135 

Chapter 7 ....................................................................................... 137 

7 Conclusions .......................................................................... 137 

7.1 Research Conclusions ............................................................ 137 

7.2 Further Research .................................................................. 139 

References ...................................................................................... 141 

 

Appendix 1: Definition and Examples of Ecosystem Services  157 

Appendix 2: Survey Questionnaire 159 

Appendix 3: How respondents answered the choice scenarios 176 

Appendix 4: Priority Possum Control Areas in the Waikato Region 178 

 

  



ix 

 

 

LIST OF TABLES 

 

Table 1  Biodiversity concepts described by Christie et al. (2004) ................ 11 

Table 2 High-level ecosystem services framework in 

a New Zealand context ....................................................................................... 18 

Table 3 Design and methodological stages of choice modelling exercise ..... 41 

Table 4  Attribute definitions and levels ........................................................... 93 

Table 5 Respondents’ characteristics .............................................................. 110 

Table 6 Follow up question response .............................................................. 112 

Table 7 Variables used in the model ............................................................... 115 

Table 8 Effects coding structure ...................................................................... 117 

Table 9 Latent Class Model comparisons with 3,4,5 and 6 classes ............. 119 

Table 10 Results from the six-class ECLCM .................................................... 120 

Table 11 Marginal willingness to pay for actions to maintain or improve 

biodiversity on agricultural land. ..................................................................... 123 

  



x 

 

 

LIST OF FIGURES 

 

Figure 1 Biodiversity Value ................................................................................. 25 

Figure 2 landuses in the Waikato Region .......................................................... 74 

Figure 3 Waikato Regional and District Council Boundaries ............................ 75 

Figure 4 Choice set example ............................................................................. 104 

Figure 5 Waikato Regional Map showing the sample population:  The area 

shaded with red lines was excluded from the sample area. ............ 107 

 

  



xi 

 

 

LIST OF ABBREVIATIONS 

 

AIC Akaike Information Criterion 

ANA Attribute Non Attendance  

AVC Asymptotic Variance-Covariance  

CE Choice Experiment  

BIC Bayesian Information Criterion 

CM Choice Modelling  

CVM Contingent Valuation Method  

DV Direct Value  

ECLCM Equality Constrained Latent Class Model  

HPM Hedonic Pricing Method  

IIA Independent Irrelevant Alternatives  

IID Independent and Identically Distributed  

IV Indirect Value  

LCM Latent Class Model  

NZLT New Zealand Landcare Trust 

PV Passive Value  

RPS Waikato Regional Policy Statement  

TEV Total Economic Value  

TCM Travel Cost Method  

WRC Waikato Regional Council  

WTA Willingness to Accept  

WTP Willingness to Pay 




