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






ACKNOWLEDGEMENTS

| take my hat off to anyone who undertakes postgraduate study while maintaining full-time
employment. | 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. | am amazed at how he can tackle any problem with such ease. Jo is also a top-notch
supervisor who added the epidemiology of Th 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.






TABLE OF CONTENTS
CHAPTER 1: LITERATURE REVIEW ...ttt 7
1.  PART 1. Introduction t0 REMOLE SENSING......c.ciivirieiiiiieieieeseeiesiee e e se e e sae e sreeneeas 7
I S 101 (oo [0 o{ T o USSP PRPRP 7
1.2, Data ACUISTTION......eiiiiiii ettt sttt ettt sb e e b sbe e e beesbe e b e sreenes 7
1.3, SeNSOrs and INSTIUMENTS . .....cuiiieiieieeiesieesie e ste e et e e e e sreesreenae e e sneeneeeneenras 8
1.4.  Visible and Near-Infrared SENSOIS .........coviiiiriiiiieiee et 9
1AL, TREIMAL .ottt ettt bbb r e 9
1.4.2. IMHICTOWAVE .. ...ttt ettt ettt ettt ettt e b et e e st st e et e bt e nbeebeeneenrs 9
1.5,  Data Resolution and EXENT...........ccoviieriiiieiieie et 10
0 T o 1= ox 1 | RS STR 10
152, SPAIAl...cceiiiiice e 10
1.5.3. TEMPOTAL ...t 10
1.54. 16 [ 0] 41 (oSS 11
1.6, SAEEIITES ..ot bbbt 11
2. PART 2. APPLICATIONS OF REMOTE SENSING TO EPIDEMIOLOGY .......cccceveee. 12
2.1, Vegetation ClasSIfICALION ........ccuoiiiiiiieiicie e 12
2.1.1. ClasSification MELNOMS.........ccueiiiieiiere e s 12
2.1.1.1.  Unsupervised ClassifICatiON .........c.cccviieiiieriiiesieie e 12
2.1.1.2.  Supervised ClasSifiCation ...........cccevviieiieeiiiie e 13
2.1.2.  Accuracy Of ClasSITICALION .........ccueiiiiiiiiieee e 13
2.1.3.  Application of Vegetation ClassifiCation .............ccocooeriiiiiiniiiiieie s 14
2.2, HaDITAL PALEINS .. .o.viiiiiiiiceee ettt bbb 15
2.2.1. LandSCape INAICES ....c..ecveeiieciecie ettt sre e e 16
A 0 R o 41 = o o o USSP ORURPRPR 16
2.2.1.2. Mean Nearest-Neighbour DIStanCe ...........ccceveiiiirieniiiniieee s 17
2.2.1.3.  Mean Patch Fractal DIMeNSION .........c.ccoiiiiiiiini e 17
2.2.1.4. EAQGE DENSILY ....ocveeciieii ettt ettt ettt e e e nne e e ne s 17
2.2.1.5.  Mean ProxXimity DISTANCE.........c.cccveieiiiiieie et 17
2.2.1.6.  COre Area DENSILY ....cc.eiiiiieieiie sttt sre e 18
2.2.2. SCAIE ..ttt e e e re e e 18

2.2.3.  Applications of Landscape INICES .........cccveieiieiiiieiiesie e 18



2.3, Vegetation INGICES .....coiuiiieiieicee ettt ettt sttt nte e e 19
2.3.1. Description of Vegetation INGQICES ..........ccviiiiiiiiiiiie s 20
2.3.1.1. Ratio Vegetation INAeX (RV1) ....cccovviieiiiie e 20
2.3.1.2. Normalised Difference Vegetation Index (NDVI) ........ccccovveveiieiieiecieinenn, 20
2.3.1.3. PVl ettt b re e anen 20
2.3.1.4. Soil-Adjusted Vegetation INAeX (SAVI) ..o 20
2.3.2. Factors Affecting Vegetation INAICES .........cccvevverieiieeiiee e 21
2.3.3.  Application of Vegetation INQICES ...........cccviieiiiiiiicieere e 21
2.4.  Vegetation Classes Versus INAICES ........c.oiueiiiiirieiinie e 23
2.5.  Other Environmental Variables ..o e 23
K T o 4 [od [V o] o USSP PRSP UTRPRPRPRPRON 25
4. RETFEIENCE LIST...eiuiiiiiiiieiii it bbbttt st b e neenes 25
CHAPTER 2: USE OF REMOTE SENSING TO CREATE A PREDICTIVE MODEL OF
BOVINE TUBERCULOSIS ...ttt st e st re e s e e snte e e nnnaeennneeens 31
I [ 01 oo [3Tod 1 o] TR TSP PP PROR 31
2. Materials and METNOUS ........cuoiiiiiiieiesi et eneas 32
2.1 Vegetation IMAGE.......coiiiie ettt ettt nbe et e nte e e 32
2.2.  Calculation of Habitat Variables ...........ccccceiiiiiiiiiiee e 32
P T 1= 1= Tod o a0 - T 0 OSSP 33
2.4.  Dependent Variable ........cc.ooveiiiiiiicse e 34
2.5, SEAtiSICAl ANAIYSIS. .....ciuiiieiieii et 34
B RESUIES. .. bRttt Re bt et r e e nte e e 35
N I T 100U 11 o o USSR 39
5. ACKNOWIEAQEIMENTS. ... cveeieeeieciiesie ettt et e st e ae e e sreesteeneesneesbeeneesreenreenee e 41
B.  RETBIBNCES. ...ttt b et 41
APPENDICES ... .ottt ettt e et e e bb e e e b e e e e e e e e e nnra e nes 43
1. Appendix A: Principle Components ANalYSIS..........ccooeiiiiiiiininiseieeeese e 43
1.1.  Podocarp / Broadleaf ............ccooieiiiieiiece e 43
1.2, Broadleaf SCrUD / PUIE.......cooiiiiieie et e 44
1.3.  Broadleaf SCrub / ManUKQ...........cccoooiiiiiiiieie e 45
i S ] (T 1V 1T PSSP 46
L5, WIHHIOWS ..ttt bbbttt b e bbbt 47
1.6, MANUKA / GOISE....eeiiitiiieiiieiieiieie ettt b ettt ettt sbenbesbeanenneas 48

1.7. PN 49



I T V- 0111 OSSPSR 50
L €T £ TP UU TR UPPPRTRPRO 51
2. Appendix B: Individual Class MOGEIS ...........ccoiiiiiiii s 53
A O o (=T 1= o U 1Y | SRR 53
2.2.  Podocarp / Broadlaf............cooiiiiiiiiiic e 54
2.2.1. SAS COUR ...ttt bbb b neenns 54
2.2.2. MOTEI RESUIT ...t ne s 54
2.2.3. MOEI CRECK ... bbb 55
2.3, Broadleaf SCrUD / PUIE ......cooiiiieece et 55
2.3.1. SAS COUR ...ttt b et b e neenrs 55
2.3.2. MOGEI RESUIT ... et 56
2.3.3. MOTEI CRECK ...ttt st e e e e 56
2.4, Broadleaf SCrub / IMANUKAL..........cccoriiiiiiiiiiieee e 56
241, SAS COUB ..ottt bttt re e 56
2.4.2. MOGEI RESUIT ... e 57
2.4.3. MOTEI CRECK ...ttt enra e 57
2.5, PINE /T IMIXEA .ottt bbb 57
2.5.1.  SAS COUR ...ttt ettt re s 57
2.5.2. MOGEI RESUIT ... et 58
2.5.3. MOTEI CRECK ...ttt st e e e e 58
2.8, WWITOWS .ot bbbttt bbb 58
2.6. 1. SAS COUR ...eoviiiieietesie sttt ettt sttt s 58
2.6.2. MOGEI RESUIT ... e 59
2.6.3. MOTEI CRECK ...ttt enra e 59
2.7, IMANUKE / GOISE ...ttt bbb bbbttt ettt bbb b 60
2.7.0. SAS COUB ...voviiiiieieesie sttt ettt ettt nenr e 60
2.7.2. MOGEI RESUIT ... et 60
2.7.3. MOTEI CRECK ...ttt enra e 60
2.8, PN e bbb r ettt 61
2.8. 1. SAS COUR ..ottt ettt nre e 61
2.8.2. MOGEI RESUIT ... e 61

2.8.3. IVIOTET CBCK .ttt neeennnnennnnnnn 62



2.9. LUK ..o 62

TN Y N T oo - SR 62
2.9.2. MOl RESUIL........eeiee s 62
2.9.3. IMOAEI CNECK.....c.eiiiiieiiicee e 63
2.10. (C o] £ P U PO TR T ST UPR USRI 63
2.10.1.  SAS COUE.....cuiiecii ettt sttt et r et a et nre e re e reereene e 63
2.10.2.  MOUEI RESUIL. ..ottt bbb 63

2.10.3.  MOGRI CRECK ...ttt e e 64



