
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. 
 



  

 

 

 

USE OF REMOTE SENSING TO GENERATE A PREDICTIVE MODEL OF 
BOVINE TUBERCULOSIS 

 

 

 

 

DANIEL JAMES RUSSELL 

 

 

 

 

 

A dissertation presented in partial fulfilment of the requirements of the Masters of 

Veterinary Studies 

 

MASSEY UNIVERSITY 

 

2004 



  



1  

 

ACKNOWLEDGEMENTS 

I take my hat off to anyone who undertakes postgraduate study while maintaining full-time 

employment. I have found it to be a long, but extremely rewarding road to travel down. I am very 

grateful to the EpiCentre for providing a very supportive environment to work in.  

I would like to thank my two supervisors, Dr. Jo McKenzie and Dr. Nigel Perkins. Nigel has been 

an amazing role model and is always willing to share his wealth of knowledge with me – I am truly 

indebted. I am amazed at how he can tackle any problem with such ease. Jo is also a top-notch 

supervisor who added the epidemiology of Tb knowledge to the study and was always willing to 

help throughout the study. Both supervisors have been extremely positive and extremely patient! 

To the students of the EpiCentre – thank you for all the fun times at Icons, and for sprinkling glitter 

all through my car. 

A special thanks to Mel and my family who have been as supportive as usual. 

 



 2 



3  

 

TABLE OF CONTENTS 

CHAPTER 1: LITERATURE REVIEW .............................................................................................7 

1. PART 1. Introduction to Remote Sensing................................................................................7 

1.1. Introduction ......................................................................................................................7 

1.2. Data Acquisition...............................................................................................................7 

1.3. Sensors and Instruments...................................................................................................8 

1.4. Visible and Near-Infrared Sensors ...................................................................................9 

1.4.1. Thermal ....................................................................................................................9 

1.4.2. Microwave................................................................................................................9 

1.5. Data Resolution and Extent............................................................................................10 

1.5.1. Spectral...................................................................................................................10 

1.5.2. Spatial.....................................................................................................................10 

1.5.3. Temporal ................................................................................................................10 

1.5.4. Radiometric ............................................................................................................11 

1.6. Satellites .........................................................................................................................11 

2. PART 2. APPLICATIONS OF REMOTE SENSING TO EPIDEMIOLOGY .....................12 

2.1. Vegetation Classification ...............................................................................................12 

2.1.1. Classification Methods...........................................................................................12 

2.1.1.1. Unsupervised Classification...............................................................................12 

2.1.1.2. Supervised Classification ...................................................................................13 

2.1.2. Accuracy of Classification .....................................................................................13 

2.1.3. Application of Vegetation Classification ...............................................................14 

2.2. Habitat Patterns ..............................................................................................................15 

2.2.1. Landscape Indices ..................................................................................................16 

2.2.1.1. Contagion ...........................................................................................................16 

2.2.1.2. Mean Nearest-Neighbour Distance ....................................................................17 

2.2.1.3. Mean Patch Fractal Dimension ..........................................................................17 

2.2.1.4. Edge Density ......................................................................................................17 

2.2.1.5. Mean Proximity Distance...................................................................................17 

2.2.1.6. Core Area Density..............................................................................................18 

2.2.2. Scale .......................................................................................................................18 

2.2.3. Applications of Landscape Indices ........................................................................18 



 4 

2.3. Vegetation Indices ......................................................................................................... 19 

2.3.1. Description of Vegetation Indices ......................................................................... 20 

2.3.1.1. Ratio Vegetation Index (RVI) ........................................................................... 20 

2.3.1.2. Normalised Difference Vegetation Index (NDVI) ............................................ 20 

2.3.1.3. PVI..................................................................................................................... 20 

2.3.1.4. Soil-Adjusted Vegetation Index (SAVI) ........................................................... 20 

2.3.2. Factors Affecting Vegetation Indices .................................................................... 21 

2.3.3. Application of Vegetation Indices ......................................................................... 21 

2.4. Vegetation Classes Versus Indices ................................................................................ 23 

2.5. Other Environmental Variables ..................................................................................... 23 

3. Conclusion ............................................................................................................................. 25 

4. Reference List ........................................................................................................................ 25 

CHAPTER 2: USE OF REMOTE SENSING TO CREATE A PREDICTIVE MODEL OF 

BOVINE TUBERCULOSIS ............................................................................................................. 31 

1. Introduction............................................................................................................................ 31 

2. Materials and Methods .......................................................................................................... 32 

2.1. Vegetation Image........................................................................................................... 32 

2.2. Calculation of Habitat Variables ................................................................................... 32 

2.3. Selection of Farms ......................................................................................................... 33 

2.4. Dependent Variable ....................................................................................................... 34 

2.5. Statistical Analysis......................................................................................................... 34 

3. Results.................................................................................................................................... 35 

4. Discussion.............................................................................................................................. 39 

5. Acknowledgements................................................................................................................ 41 

6. References.............................................................................................................................. 41 

APPENDICES ................................................................................................................................... 43 

1. Appendix A: Principle Components Analysis....................................................................... 43 

1.1. Podocarp / Broadleaf ..................................................................................................... 43 

1.2. Broadleaf Scrub / Pure................................................................................................... 44 

1.3. Broadleaf Scrub / Manuka ............................................................................................. 45 

1.4. Pine / Mixed................................................................................................................... 46 

1.5. Willows.......................................................................................................................... 47 

1.6. Manuka / Gorse.............................................................................................................. 48 

1.7. Pine ................................................................................................................................ 49 



5  

 

1.8. Manuka...........................................................................................................................50 

1.9. Gorse ..............................................................................................................................51 

2. Appendix B: Individual Class Models ...................................................................................53 

2.1. Prerequisites ...................................................................................................................53 

2.2. Podocarp / Broadleaf......................................................................................................54 

2.2.1. SAS Code ...............................................................................................................54 

2.2.2. Model Result ..........................................................................................................54 

2.2.3. Model Check ..........................................................................................................55 

2.3. Broadleaf Scrub / Pure ...................................................................................................55 

2.3.1. SAS Code ...............................................................................................................55 

2.3.2. Model Result ..........................................................................................................56 

2.3.3. Model Check ..........................................................................................................56 

2.4. Broadleaf Scrub / Manuka..............................................................................................56 

2.4.1. SAS Code ...............................................................................................................56 

2.4.2. Model Result ..........................................................................................................57 

2.4.3. Model Check ..........................................................................................................57 

2.5. Pine / Mixed ...................................................................................................................57 

2.5.1. SAS Code ...............................................................................................................57 

2.5.2. Model Result ..........................................................................................................58 

2.5.3. Model Check ..........................................................................................................58 

2.6. Willows ..........................................................................................................................58 

2.6.1. SAS Code ...............................................................................................................58 

2.6.2. Model Result ..........................................................................................................59 

2.6.3. Model Check ..........................................................................................................59 

2.7. Manuka / Gorse ..............................................................................................................60 

2.7.1. SAS Code ...............................................................................................................60 

2.7.2. Model Result ..........................................................................................................60 

2.7.3. Model Check ..........................................................................................................60 

2.8. Pine.................................................................................................................................61 

2.8.1. SAS Code ...............................................................................................................61 

2.8.2. Model Result ..........................................................................................................61 

2.8.3. Model Check ..........................................................................................................62 



 6 

2.9. Manuka .......................................................................................................................... 62 

2.9.1. SAS Code............................................................................................................... 62 

2.9.2. Model Result.......................................................................................................... 62 

2.9.3. Model Check.......................................................................................................... 63 

2.10. Gorse.......................................................................................................................... 63 

2.10.1. SAS Code............................................................................................................... 63 

2.10.2. Model Result.......................................................................................................... 63 

2.10.3. Model Check.......................................................................................................... 64 

 


