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ABSTRACT

Effective management of natural resources, and the side effects resulting from their use
directly affects our environmental and economic wellbeing. This thesis was initiated to
investigate the application of remote sensing, digital image processing and Geographic
Information System (GIS) tools for natural resource management in Westland, New
Zealand. From the multitude of potential applications, research was directed toward two
issues: alluvial gold mining and indigenous forest management. This thesis focused on the

use of personal computer (PC) applications.

A study of alluvial gold mining operations utilised black-and-white aerial photography
taken at five dates in the period 1943 to 1988. The photographs were digitised, registered
to a common base-image, and classified for bare ground, scrub and trees. A cadastral plan
was also digitised, registered to the digital imagery and used to extract specific land-tenure
parcels. The classified imagery was processed in an independent-classification change

detection to identify change in land-cover between the dates of aerial photography.

The results demonstrated that digital image processing of black-and-white aerial
photography could provide the quantitative and spatial land-cover information required for
resource management in areas of alluvial gold mining. However, although the individual
image classification accuracies exceeded 85%, error in the classifications generated areas
of spurious change in the change detection imagery. Examination of subsequent change
images revealed areas of land alternating between opposing change classes and indicated
how a second, subsequent change image may be a useful tool to rapidly identify possible

areas of spurious change.

An investigation of satellite imagery and digital image processing for management of
indigenous forests compared a supervised classification of SPOT multispectral (XS) and
Landsat Thematic Mapper (TM) imagery with an existing vegetation map. The images
were classified with amaximum likelihood algorithm, applying vegetation classes derived
from the map. The Landsat TM image achieved a higher overall classification accuracy
(75%) compared to the SPOT XS (53%), indicating a superior information content for
vegetation discrimination in the Landsat TM imagery. However neither image could

achieve sufficient accuracy to be used for updating the existing map.

A second study of indigenous forestry applications investigated the use of integrated
remote sensing and GIS analysis. A forest inventory comprising field-plots which recorded

tree species and size-class information was interrogated within a GIS. The study illustrated
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how GIS tools could be used to rapidly identify and map field-plots that contained trees
suitable for harvesting in sustained-yield logging operations. This information is a

prerequisite for any sustained-yield logging and would have been unfeasible to obtain
without a GIS.

Two strategies were investigated for integrating the forest inventory with SPOT XS and
Landsat TM imagery. The first approach applied a clustering procedure to generate the
natural vegetative clusters within the forest inventory. A spectral signature for each plot
was obtained by overlaying the plots on the digital imagery. A discriminant analysis was
applied to determine whether the spectral information in the imagery could discriminate
between the inventory clusters. The results revealed that this was not possible with overall
classification accuracies of 39% and 48% for the SPOT XS and Landsat TM images

respectively.

The second approach reversed the procedure and applied an unsupervised image
classification to identify the spectral classes present in each image. The vegetative
composition of each image class was investigated by examining the forest inventory plots
within each class. The results demonstrated that the number of trees in the sub-canopy
showed the most variation between classes, with minimal differences attributed to the

species composition.

Analysis of the two approaches illustrated the difficulty of relating classifications derived
from field survey and those from satellite imagery. While use of satellite imagery to map
classes derived from field survey may result in disappointing results, an unsupervised
approach provides a method to acquire an up-to-date, objective classification of the entire
forest. The limitation is that the vegetation communities extracted from an unsupervised
classification might well be different from thoseidentified from analysis of forest inventory

data and may not be of relevance to current resource management issues.



v

ACKNOWLEDGEMENTS

I would like to express my gratitude to the following people who have assisted and

encouraged me throughout this study:

My supervisors, Dr. Vince Neall and Mr Mike Tuohy of the Department of Soil Science,
Massey University and Mr Peter Stephens of Manaaki Whenua - Landcare Research for
their guidance throughout the course of this work. In particular I wish to thank Dr. Vince

Neall for his encouragement during the latter stages of the thesis.

Mr Gernot Uhlig of Harihari, Westland for trusting me with the only copy of the Saltwater
Forest inventory and for his helpful discussions and assistance during field visits to

Saltwater Forest.

Mr Chris Pugsley, Mr lain Gilbertson and staff of the Department of Conservation,
Westland Conservancy for their financial support and for providing of much of the data

used for the thesis.

The Earth Observation Satellite Company (EOSAT), for providing a Landsat TM image

under their student data grant scheme.

Mr John Dymond of Manaaki Whenua - Landcare Research for his searching questions,

thoughtful discussions and guidance.

My mother, extended family and friends, and in particular my wife Woody, for their
continued moral support, patience, and tolerance of lost time together throughout the

duration of this thesis.



TABLE OF CONTENTS

ABS T RACT . . ii
ACKNOWLEDGEMENTS . ... e iv
TABLE OF CONTENTS . ... e e v
IS T-CFRIGIERES | 8o . ool - - - Smews. . Mhdas . - - - - bl - - oo - - - - - - vii
LISTOFTABLES . .. .. ittt et it e xii
1: INTRODUCTION . ... e |
1.1 The Need for Resource Management ............................ 1

1.2 Information for Resource Management ........................... 2

1.3 Research SEting ... .. ... ..o o ovvimn i e v oo e s s e b b B 3

I8 T sl HEUCRIEE o i s « e o il B oo i o G e o o+ o s 4

2: REMOTE SENSING AND GIS FOR RESOURCE MANAGEMENT . .. ... 5
2] Remmote SBMBIIE, e & owmo 8. o o oo o « . fwiws o o i o oemademenm « s s oo o 0. $

2.11 Digital Image Processing ... ....... ..., 6

2.12Image Calibration . .. .......... ..ttt 12

2.13Change Detection . . .. ...t 13

2.14 Vegetation Indices ........... ... . ... i 16

2.2 Remote Sensing for Resource Management ....................... 17

2.3 Geographic Information Systems ....................... S, 26
231-GIS Data Models: ....oiwiomme - - b e« oo s s e - 8 27

232 GIS AnalysiS . ..o 28

BB BITORINGED meme - - coomocmmtd . . o o o s e R . 28

2.4 GIS for Resource Management . ...............c..iuiiinennennn... 82

2.5 Integrated Remote Sensingand GIS .. ......... ... ... .. ... ..... 34

2.6 Integrated Remote Sensing and GIS for Resource Management . . . ... .. 36

3: NATURAL RESOURCE MANAGEMENT INWESTLAND ............. 38
30 Westlamd . . ... .o i e e s e b e 38

3.2 Resource Managementin Westland .. ................ ... ... ...... 40

3.3 Remote Sensing and GIS for Resource Management in Westland . .. ... 46



4: METHODOLOGY AND EXPERIMENTALSITES . .................... 49
4.1 Remote Sensing and GIS Methods tobe Analysed .................. 49
42APCApproach ... ... 50
4.3 Approaches to Methodology based on Computing Environment and

L7 T Ry S P S e S |
4.4 Choice of Experimental Sites . . . ......... ... ... . .. . i 52

S: ALLUVIAL GOLDMINING .. .. ... e 93
Bl STy ORCeVE it . pdammpdu . - - - Dl piwmmpg00hd - - b . . cJliewm ik 53
5.2:80te Desenipfiofl .. ..o ...t i m e i e e e 53
5.3 Methodology . ... ..o e 35
5.4 Results and Discussion ........... ... ..t 63
S0 SUMANATY) &g - - - - - sHsmas - - . - - - Gh » - o R - - - o < SRS 81

6: INDIGENOUS FORESTRY: SALTWATER ECOLOGICAL AREA . ... ... 83
6.] Study ODJECLIVE «oov . cov v ivvminn e v viobdin o o v st o oo v o e e s s b 83
6.2"Site DEeSCTIPHON . ..« oo o i fumiis 46 e oo o o v o uliin oo laie smieih d o o B B+ > o o 83
6.3 Methodology . ... ...t 86
6.4 Results and Discussion . ... ....... ...ttt 91
6.5 SURINGR) © e . o . . o . . ow—— - . — - - . o o . A 101

7: INDIGENOUS FORESTRY: SALTWATERFOREST .................. 103
7.1 Study ObJective . . ..ot 103
7.2 SIS DCICrPGIY |. . . ! pawwa: - - sl - - - Sk - e e - -+ e B 103
7.3 Methodology . ..... ..o 105
7.4 Results and DiscusSion ... ...ttt 112
T SUTRIMALYF . s imsmss = smsmss'= smomsn « + = = o Gusmane +o0 o + « o GRENS = « + <hamame = « WHEd - « 128

8: CONCLUSIONS & RECOMMENDATIONS ....... ... ... ... ... .. ... 130

REFERENGCES . . . gt t « o bdmmmons « o mommmans + o oooionb dlbimsns o o oo 8 0 omonang § o & 136

APPENDIX 1: The rms error for the image-to-image registration in the
Tuckers Flat alluvial gold mining study. ........... ... .. ... ... .... 162



vii

LIST OF FIGURES

CHAPTER 2
Figure 2.1: The accumulation of error in a typical remote sensing through GIS data
flow (From Lunettaeral., 1991). .. ... ... ... i 35

CHAPTER 3
Figure 3.1: Westland - the West Coast of New Zealand’s South Island ........... 39

CHAPTER §

Figure 5.1: A hydraulic excavator and rotary screening plant working at a mining

claim within Tuckers Flat . ......... ... ... ... ... .. ... .. ... ..... 53
Figure 5.2: The location of Tuckers Flat - an area of alluvial gold mining. ....... 54
Figure 5.3: The 1943 aerial photograph. The location of the Tuckers Flat area is

indicated by theyellow box. .......... ... .. ... . . . 56
Figure 5.4: The 1976 aerial photograph. The location of the Tuckers Flat area is

indicated by the yellowbox ........ ... ... .. . 56
Figure 5.5: The 1979 aerial photograph. The location of the Tuckers Flat area is

indicated by theyellowbox . ....... ... ... . 57
Figure 5.6: The 1986 aerial photograph. The location of the Tuckers Flat area is

indicated by theyellow box. ........ . ... .. .. . 57
Figure 5.7: The 1988 aerial photograph. The location of the Tuckers Flat area is

indicated by theyellow box. ....... ... ... ... ... 58
Figure 5.8: The 14 GCPs used in the registration superimposed on the 1976 image.

Only a selection of GCPs were used to register a particular image. ........ 58
Figure 5.9: The DoC cadastral plan used to obtain the land parcel boundaries for

the Tuckers Flat area. The parcels used in this study were State Forest

R.2106, State Forest R.2149, Rural Section 4668 and Gravel Reserve DP

Figure 5.10: The cadastral information derived from the DoC plan superimposed

on the 1976 image. This image shows the misplacement of Tuckers Flat

Road as drawn on the cadastral plan ... ........ ... ... ... ... ... ..... 60
Figure 5.11: The cadastral information derived from the DoC plan superimposed

on the 1976 image with the new Tuckers Flat Road that was digitised off

e COMPIEr SCREEN AIFGGENT, .o- . . - - susns - smsnsr e bdiusntd - some = o+ sns o 8 Bbusiisfhus 60
Figure 5.12: The 1976 image showing the roads (yellow) that were used to

highlight errors in the image-to-image registration. .................... 66



viii
Figure 5.13: A test of the image-to-image registration accuracy - the 1943 image
with roads from the 1976 base-image superimposed . .. ................. 66
Figure 5.14: A test of the image-to-image registration accuracy - the 1979 image
with roads from the 1976 base-image superimposed . . .................. 67
Figure 5.15: A test of the image-to-image registration accuracy - the 1986 image
with roads from the 1976 base-image superimposed . ................... 67
Figure 5.16: A test of the image-to-image registration accuracy - the 1988 image
with roads from the 1976 base-image superimposed . .. ................. 68
Figure 5.17: The classified image derived from the 1943 photograph showing the
location of the bare land, tree and scrubclasses. ....................... 72
Figure 5.18: The classified image derived from the 1976 photograph showing the
location of the bare land, tree and scrubclasses ....................... 72
Figure 5.19: The classified image derived from the 1979 photograph showing the
location of the bare land, tree and scrubclasses ....................... 78
Figure 5.20: The classified image derived from the 1986 photograph showing the
location of the bare land, tree and scrubclasses ....................... 73
Figure 5.21: The classified image derived from the 1988 photograph showing the
location of the bare land, treeand scrubclasses ....................... 74

Figure 5.22: An image showing the change in location of the bare ground, tree and

scrub classes between the 1943 and 1976 classified images .............. 76
Figure 5.23: An image showing the change in location of the bare ground, tree and

scrub classes between the 1976 and 1979 classified images . ............. i
Figure 5.24: An image showing the change in location of the bare ground, tree and

scrub classes between the 1979 and 1986 classified images .............. 78
Figure 5.25: An image showing the change in location of the bare ground, tree and

scrub classes between the 1986 and 1988 classified images .............. 79

CHAPTER 6

Figure 6.1: A location map of Saltwater Ecological Area and Saltwater Forest .... 84

Figure 6.2: A road leading into Saltwater Ecological Area through Saltwater
Forest. The road is runs right through the dense, predominantly rimu, forest
on either side (photo L. J. Brown) ........ ... ... ... ... .. ... .. ... ... 85
Figure 6.3: One of the pakihi areas in Saltwater Ecological Area. Wire rush
(Empodisma minus) is dominant in the foreground. The pakihi is bordered
by forest where manuka (Leptospermum scoparium) is the dominant canopy
species. This changes to rimu-dominated forest further from the pakihi
(photo L. J. BEOWR) . .. o . ¢ it o oo smvam o oo o oa il caae o o 85



ix
Figure 6.4: A band 3,2,1 (RGB) composite of the SPOT XS image. The location
of Saltwater Forest and Saltwater Ecological Area is shown by the yellow
TECLANEe . . .o 88
Figure 6.5: A band 3,2,1 (RGB) composite of the Landsat TM image. The location
of Saltwater Forest and Saltwater Ecological Area is shown by the yellow
FELTTRE LS o o s s s o B R 8 O A OO s B s, L 88

Figure 6.6: Norton and Leathwick’s (1990) vegetation map of Saltwater

BORIOIORN. ATEA. . 5 e i e e B s o s s i s G - o s + -+ st e [ 89
Figure 6.7: The sample sites used to collect training data for classification of the

BIPETF XS IMAGES 6. oo 5o cvmmia o mos s om ¢ o o e e s s e e e e e 90
Figure 6.8: The sample sites used to collect training data for classification of the

Landsat TM (4,5,3 composite) IMage . .............oueiueennneenon.. 90
Figure 6.9: Training data for classification of the SPOT XS image .............. 92

Figure 6.10: The classified image showing the vegetation of Saltwater Ecological
Area as derived from the SPOT XS image using the hybrid vegetation
CUASSEIN 1. . s o oo o WD s o . B . o o o e eI o SR+ S o 95
Figure 6.11: Training data for classification of the Landsat TM image ........... 96
Figure 6.12: The classified image of the Saltwater Ecological Area vegetation
derived from the Landsat TM image. The image shows the 6 vegetation
types based on the vegetation communities identified from an existing
vegetation map (Figure 6.6) (Norton and Leathwick, 1990) .............. 98

CHAPTER 7
Figure 7.1: The centre of a hauler site used for selective logging of Saltwater
Forest. The breaks in forest canopy indicate tracks where the logs were
dragged across the forest floor before being loaded onto trucks (photo L. J.
Brown). .. e 104
Figure 7.2: Saltwater Forest in the SPOT XS (bands 3,3,1 (RGB) composite)
image. This combination of bands provided the most visual discrimination
within Saltwater Forest. The black line, digitised from a 1:25 000 forest
map, indicates the extent of Saltwater Forest. Saltwater Ecological Area is
o the WekF . .... .o ... SEEE.aEE - - - o BeamIW . omm W . o A 104
Figure 7.3: Saltwater Forest in the Landsat TM (bands 4,5,3 (RGB) composite)
image. The contrast and brightness of the image have been stretched to
reveal the spectral variation within Saltwater Forest. The black line,
digitised from a 1:25 000 forest map, indicates the extent of Saltwater
Forest. .o 105



Figure 7.4: A sample screen from the ArcView desktop mapping software. The
"theme’ window (top left) indicates the layers of the database shown in the
"display’ window (right). Only those layers with a tick in their check box
are displayed. The ’display’ window shows the distribution of the forest
inventory plots and the roads of Saltwater Forest. The ’database’ window

(lower left) shows the result of clicking the mouse pointer on one of the

Figure 7.5: A flow-chart indicating the method used to extract a pixel value for
each plot from each imageband ........... ... .. ... ... ... .. ... ... 110
Figure 7.6: A sample screen from the ArcView desktop mapping software. The
"display’ window (right) shows the result of querying the forestry database
to select all inventory plots that have rimu with a d.b.h greater than Im

present. The *database’ window (bottom left) shows the inventory database

with all plots matching the search criteria coloured in magenta .......... 113
Figure 7.7: The rectified SPOT XS3 image with the roads digitised from the 1:25
000 forest map superimposed in yellow. ................ ... ......... 1S

Figure 7.8: The rectified Landsat TM image with the roads digitised from the 1:25

000 forest map superimposed inyellow .............. ... .. ... ...... 115
Figure 7.9: A box plot of the range of pixel values occurring within a plot as a

percentage of the range across all plots. The colour of the box indicates the

wavelength of light associated with the image band (yellow, cyan and

magenta were chosen to represent the infrared bands). The line within each

box is the mean. The boxes divide the data into quartiles . .............. 117
Figure 7.10: The area occupied by the pixel value taken as representative for a

particular plot. Total plot area is 2,000m’. The colour of the box indicates

the wavelength of light associated with the image band (yellow, cyan and

magenta were chosen to represent the infrared bands). The line within each

box is the mean. The boxes divide the data into quartiles . .............. 117
Figure 7.11: The range of pixel values observed within plots on the SPOT XS

image. XS3 shows the greatest variation between plots. The colour of the

box indicates the wavelength of light associated with the image band

(yellow was chosen to represent the near-infrared band) ............... 118
Figure 7.12: The range of pixel values observed within plots for the Landsat TM

image. TM4 (near-infrared) shows the greatest variation between plots. The

colour of the box indicates the wavelength of light associated with the

image band (yellow, cyan and magenta were chosen to represent the

infrared bands) . ........ ... 118



Figure 7.13: The Landsat TM NDVI values for each forest cluster. There is

considerable overlap present in the range of NDVI recorded by the

(o [0 S | S A A~ TSRS S ——

Figure 7.14: Image classes derived from an unsupervised classification of the
SPOT XS band 3 image. Three classes were chosen from visual inspection

of the unclassified imagery. The roads of Saltwater Forest are

SMPOriMPOSEd wevw . oo oo civ i B e e e B b e o

Figure 7.15: The image classes derived from an unsupervised classification of the
Landsat TM4,5,3 image. Four classes were chosen from visual inspection

of the unclassified imagery. The roads of Saltwater Forest are

SUPETIMPOSEd . . . .ottt e

Figure 7.16: The forest composition of the SPOT XS image classes. The number
of trees refers to the median number of trees found in each grouping. The
forest inventory axis shows the species ('mi’ (miro), 'ri’ (rimu), ’sp’ (silver
pine), ’ot’ (others)) within each layer (’ab’ (layer 1), (Ccf’ (layer 2), ’gtg’

(layer 3)) e.g. ’riab’ is the rimu in layer 1. *Tot’ refers to the total number

of trees within a layer. Rimu was the only species present in layer 3. .. ...

Figure 7.17: The forest composition of the Landsat TM image classes. The number
of trees refers to the median number of trees found in each grouping. The
forest inventory axis shows the species ('mi’ (miro), 'ri’ (rimu), ’sp’ (silver
pine), ot’ (others)) within each layer ("ab’ (layer 1), (Ccf’ (layer 2), ’gtg’

(layer 3)) e.g. 'riab’ is the rimu in layer 1. *Tot’ refers to the total number

of trees within a layer. Rimu was the only species present in layer 3. ... ...

X1



Xil

LIST OF TABLES
CHAPTER 2
Table 2.1: The spectral resolution of the HRV (XS mode) and Landsat TM
SCTISOES) ¢ henenen « - WMo ohe = - o eMeMoRoRe - SHOMRoioHe - o« « « CROROEH R - o RoRE » RN - - 6

Table 2.2: A description of image enhancement techniques applied frequently in

environmental remote SenSING. . ... ..........iutiiittn 7
Table 2.3: A description of pixel interpolation algorithms . .................... 9
Table 2.4: A description of image classification algorithms applied frequently .. ... 11
Table 2.5: A comparison of raster and vector data models (adapted from Burrough,

1087 o 28
Table 2.6: The total error at different mapscales ............................ 31

CHAPTER §

Table 5.1: The black and white aerial photography used in the Tuckers Flat

AT O I P RS S S A S — 55
Table 5.2: The range of pixel values used to define each land-cover class.. . . ... ... 62

Table 5.3: The relief displacement present in the aerial photographs over Tuckers

Rt mre. « o o o s - e o . . o TEEEE: - s e e s e - O - - FEOEG » - TREOTES - - 64
Table 5.4: The rms error between the 1943, 1979, 1986 and 1988 images and the

LOVG hae~IMIaBEE. wu - .- ...t ol . - e oo - (o B s e - . - 65
Table 5.5: The area (ha) classified in each land-cover class foreachyear ......... 69

Table 5.6: A confusion matrix showing the number of pixels classified as each
class for the 1943 classified image. The diagonal represents correct
classifications. .. ....... ... 74
Table 5.7: A confusion matrix showing the number of pixels classified as each
class for the 1976 classified image. The diagonal represents correct
classifications. . .......... .. ... 74
Table 5.8: A confusion matrix showing the number of pixels classified as each
class for 1979 classified image. The diagonal represents correct
classifications. ........ ... ... 75
Table 5.9: A confusion matrix showing the number of pixels classified as each
class for the 1986 classified image. The diagonal represents correct
classifications. . ... ... ...t 75
Table 5.10: A confusion matrix showing the number of pixels classified as each
class for the 1988 classified image. The diagonal represents correct
classifications. . .......... ... 75



xiil
Table 5.11: An estimate of the overall change detection accuracy. The fourth

column is the result of multiplying the two classification accuracy

COIUMINS. . .o 80

CHAPTER 6

Table 6.1: The confusion matrix for the test classification of the SPOT XS image.

The table shows the number of pixels classified from the image into each

class as defined by the training data. The diagonal represents correct

claesificalligns: . . swsmmwss . mob dlam. . . owb Ao . . L dam . s— fe— 2 D 93
Table 6.2: A summary of the results of the SPOT XS classification. The omission

error shows for each reference class, the pixels that were classified as

another class. The commission error shows the pixels classified incorrectly

intoa givenimage class ........... ... 93
Table 6.3: The hybrid vegetation classes used for the SPOT XS classification. . . . .. 94
Table 6.4: A confusion matrix for the SPOT XS classification applying the hybrid

vegetation classes. The table shows the number of pixels classified fromthe

image into each class as defined from the training data. The diagonal

represents correct classifications . .............. .. ... 94
Table 6.5: A summary for the SPOT XS classification using the hybrid vegetation

classes. The omission error shows for each reference class the pixels that

were classified as another class. The commission error shows the pixels that

were classified incorrectly into a given image class. .................... 9%
Table 6.6: A confusion matrix for the Landsat TM classification using the 6

vegetation classes. The table shows the number of pixels classified from the

image into each class as defined by the training data. The diagonal

represents correct classifications. .. ....... .. . Lo e 97
Table 6.7: A summary for the Landsat TM image classification using 6 vegetation

classes. The omission error shows for each reference class, the pixels that

were classified as another class. The commission error shows the pixels that

were classified incorrectly into a givenimageclass. .................... .
CHAPTER 7
Table 7.1: A typical plot record from the Saltwater Forest inventory. ........... 106

Table 7.2: The variables used in transformation of intensity values to apparent
reflectance. o and [ are calibration coefficients and E is the total irradiance
for each band (from Price, 1987) .. ........ ... ... ... .. ... .. . . ... 108
Table 7.3: The forest inventory clusters generated using the number of trees in

each layer asthe clustering variable ............. ... ... .. ... ... ..., 119



Table 7.4: The confusion matrix derived from classification of the SPOT XS

imagery. The table shows the number of pixels classified from the image

as each inventory cluster. The diagonal indicates correct classifications . ..

Table 7.5: A summary of the SPOT XS classification results. The omission error
shows for each cluster the pixels that were classified as another cluster. The

commission error shows the pixels that were classified incorrectly into a

givietn ClUSERE . . . .. ;5. . . oo oe e . F ey o+ ST e« e o e

Table 7.6: The confusion matrix derived from classification of the Landsat TM

imagery. The table shows the number of pixels classified from the image

as each inventory cluster. The diagonal indicates correct classifications. . . .

Table 7.7: A summary of the Landsat TM classification results. The omission error
shows for each cluster the pixels that were classified as another cluster. The

commission error shows the pixels that were classified incorrectly into a

[-na ol L (e

Table 7.8: The median, minimum and maximum number of trees occurring in each

spectral class generated from the SPOT XS image. ...................

Table 7.9: The median, minimum and maximum number of trees occurring in each

spectral class generated from the Landsat TMimage ..................

X1v

120

121





