
Index

aggregation (clumping, patchy, patchiness,
underdispersion), 6, 25, 35, 44, 79, 100,
263

aggregation indices, 25
Akaike information criteria (AIC), 138
analysis
analysis of movement see also movement, 269,

274–90
analysis of variance (ANOVA), 223, 229, 253, 324,

334, 335
angles (angular, direction, orientation), 269–74, 284,

293
angle class matrix, 132
angle parallelicity, 269, 276
angular autocorrelation, 276–82
angular correlation graph, 269, 277

anisotropic (anisotropy) see also isotropic, 10, 20, 91,
132, 135, 304

geometric, 135, 169
zonal, 135, 169

area pattern methods (surface pattern methods),
111

association of pairs of species, 87
attractor see chaos
autocorrelation, 6–9, 57, 212, 213, 222, 228, 229, 233,

239, 245, 247, 248, 269–74, 276
false, 9
first-order autocorrelation, 284
induced (exogenous), 7, 214, 220, 223, 229, 243,

244, 255, 334, 335
inherent (endogenous), 9, 31, 124, 154, 212, 214,

220, 246, 255, 334, 335
matrix, 228, 233
models, 224, 230, 254
negative, 226–7, 232, 254, 334
range, 253

autocovariance function, 133
autoregressive (AR), 223, 227, 228, 229, 230–1,

233–46, 247, 334
correlation, 238
first order, 216, 222, 223, 229, 248, 334
structure, 238

biased correlated random walks, 284, 293
bilinear function, 190, 196
binomial test, 196
bivariate data analysis, 43–103, 147

pattern, 46, 58, 86
point pattern analysis, 266
Ripley’s K, 44–6, 52, 147
spatio-temporal analysis (Ripley’s K-function),

269
block size, 33, 46, 82, 86
block variance methods see also quadrat variance

methods
covariance

paired quadrat covariance (PQC), 88
three term local quadrat covariance (3TLQC), 88
two term local quadrat covariance (TTLQC), 88,

89
variance

blocked quadrat variance (BQV), 82
new quadrat variance (Galiano’s NQV), 84–5,

262, 330
paired quadrat variance (PQV), 55, 83–6
three term local quadrat variance (3TLQV), 84,

89, 91, 98, 262, 330
triplet quadrat variance (tQV), 84, 88, 91
two term local quadrat variance (TTLQV), 55,

82, 84–5, 87–8, 89, 91, 97–8, 105, 302, 304,
334

blocked quadrat variance (BQV), 82
boater see wavelet
Bonferroni correction, 126–7, 131, 228, 233

progressive, 127, 131, 173
bootstrap see also randomization tests, 26, 132, 138,

241
boundary see also edge, 75, 89, 177, 211, 266, 272,

293–5, 328
cohesive, 196, 199, 202, 210
persistence, 196, 209
width, 185
zone, 195

boundary detection (delineation), 186, 329, 331
boundary statistics, 192, 196, 199–202, 211
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candidate boundary elements, 192–3, 199,
204

Canny adaptive filter, 208
edge detection, 36, 38, 39, 61, 98
fuzzy boundary, 183
match–mismatch measure, 338
moving split-window technique, 187–9
orientation (angle), 192
overlap statistics, 202, 328
scale-space analysis, 209
singletons, 199
superfluity statistic, 201–2
wombling

categorical, 193, 197–9
lattice, 190–205
triangulation, 190, 196–9

box size, 79
bridge, 65
butterfly effect, 305

canonical correspondence analysis (CCA), 153
caterpillar randomization see randomization
causal (causality), 26, 212, 243, 256
cellular automata models, 313
change in spatial statistics, 261
change of support see also MAUP, 146
chaos, 305, 315

attractor, 305, 308, 310
bifurcation, 305
chaotic deterministic, 310
edge of chaos, 310, 312
spatial, 313–14
spatio-temporal, 314
strange attractor, 308

chess moves see also connectivity, 118, 224, 228, 230,
233

circle score maps, 103
circumcircle analysis, 60, 98, 100, 101, 329

patch circles, 99
clonal plant, 264, 269, 274, 292
cluster analysis see also clustering, 266
cluster change detection, 266, 272
cluster size, 52
clustering

fuzzy
c-means, 182
k-means, 184

spatial
agglomerative, 176
k-means, 177–80

spatio-temporal
coefficients of distances, 324
coefficients of similarity, 324
complete randomization, 46, 86, 155, 157, 202, 239,

254, 323
complete spatial randomness (CSR), 29, 33, 35, 36,

41, 52, 211, 317
conditional annealing, 29, 170
conditional autoregressive model (CAR), 29, 160,

225, 230, 233
Condit’s analysis, 53, 329

confidence interval (confidence envelope), 37, 41, 46,
86, 132, 241, 242

connectivity (connectedness, connections), 57, 65, 75,
120, 154, 198, 269, 276

matrix, 113, 119, 124, 148
network, 118, 177, 180

contiguous sampling units, 82, 94, 95, 111, 254, 319,
327

contingency tables, 287, 292
2 × 2, 234, 235, 267
2 × 2 × 2, 235
multiway 2k, 235

continuous non-parametric spatial covariance,
132

convex hull, 289
convex polygon, 289
correlation, 122, 243–4, 245

coefficient, 218, 227, 238, 253
matrix, 223, 230

correlogram, 153, 265, 266
counts of individual events, 94, 95
covariance, 87, 88, 100, 122, 217, 218–19, 222, 229,

238, 243, 330
matrix, 166

covariate, 253
covariogram, 218
Cressie’s correction factor, 238
cross correlation, 147, 301, 302
cross-covariance function, 147
cross-product approach, 105
cross-variance function, 147
cross validation, 138, 167
cross variogram, 169
cut-point, 65

data see also sampling unit, pilot study
accuracy, 17
continuous, 111, 222, 229, 257
discrete, 222, 229
ecological, 14
lattice, 18
multivariate, 147
point, 33
population, 32–3
qualitative (categorical), 32, 198, 333
quantitative, 17, 32, 111
sparse (spaced), 21
surface, 14

data analysis, 32–3, 43, 258
degree of a vertex, 65
degree of freedom, 28, 288, 325
Delaunay triangulation (DT) see also network, 58, 62,

63, 67, 99, 196
design

experiments, 333
surveys, 249–53, 321, 333

deterministic structural function, 132, 160, 313, 314
detrended correspondence analysis (DCA), 187
detrending, 26, 150, 333
diameter, 66
Diggle’s F-function see also nearest neighbour
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Diggle’s G-function see also empty space, 43
directional

correlograms, 132
variograms, 135

Dirichlet see also polygon
polygons, 60, 160, 298
tessellation, 81

discriminant functions, 187
dispersal flux, 74
distance class connectivity matrix, 113–14
distance interval, 22
distance (dissimilarity) matrix, 148, 268
distance-to-crowding, 95
distance-to-independence, 249
distance to regularity, 94, 95
distance (adjacency) methods, 266, 274
diversity

alpha, 187
beta, 187

Dixon’s method, 49–50, 330
doubly autoregressive, 215, 217
drift, 135, 137–8, 169, 284
dummy variables, 151
Durbin’s autoregressive procedure, 131
Dutilleul’s correction, 238–9, 245

eccentricity, 66
ecological boundaries (ecotones), 184, 187
ecological fallacy, 146
ecotones see ecological boundaries
edge connectivity, 65
edge detection see also boundary detection, 36, 38,

39, 61, 98
edge effects, 22, 116

edge correction, 38–9, 81, 323
edge enhancement see also boundary detection, 206,

210
edge see also edge detection, boundary, 35, 57,

184–5, 190, 206, 208, 330
connected, 57
degree, 65
node connectivity, 65
roof edge, 184
spike edge, 184
step edge, 184
vertex, 65, 74

effective sample size see also sample size, 221, 222,
325

eigenanalysis, 89–90, 234
eigenvector, 89–91
empty space function, 36, 41, 43, 44
entropy approaches, 333
envelopes see confidence intervals
environmental gradient, 75
epidemiology, 266, 269, 274
equidistant, 116
ergodic covariance, 135, 137
error

rate, 221
type I , 221, 253
type II, 324

Euclidean distance, 120, 149, 188
matrix, 151

Euclidean space, 114, 139
event-to-event nearest neighbour distance, 81
event-to-nearest-event function, 36, 43, 48, 81
exact interpolator, 160, 167
expected value, 126, 127
experimental design, 1, 247, 249–54, 285, 326
extent, 5, 18–19, 32, 33, 112, 113, 186, 319, 322–3
extrapolation, 316

Fibonacci spiral design, 249–51
first-order

moments, 9, 133
statistics, 25

footprint, 75
Fourier series analysis, 39, 98, 206
Fractal dimension, 139–42, 144, 186, 269, 277, 285,

308
divider, 139

fragmentation, 64, 95, 261, 262, 325
Freeman–Tukey standardized residual, 99, 235, 286,

287
Friedman’s measure of concordance, 302, 304
functional network, 65
fuzzy

boundaries, 183
boundary zones, 183
classification, 181
c-means, 182
k-means, 184
membership, 183
set theory, 181

Gabriel graph (GG), 59–60, 63
Galiano’s NQV, 262
gap circles, 99
gap size, 100
Gaussian filter, 208
Geary’s c (global Geary’s c), 126, 131, 134, 135, 154,

157, 172, 258, 334
geometric anisotropy, 135, 169
geostatistics (geostatistical) see also kriging,

variography, variogram, 25, 132, 142, 165,
167, 170, 247, 325

Getis’ method, 317, 329
G12 and G21, 43

geographical information system (GIS), 207, 317, 318
gleason, 187
gliding box see also moving window, 84, 94, 95
global

analysis, 5, 96, 317
conditions, 256
directional correlograms, 132
Geary’s c, 157
interpolator, 163
Moran’s I, 155
outcome, 152
pattern, 328
spatial analysis, 122–38, 153, 154, 159, 172,

320
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goodness-of-fit, 178–9, 235, 236, 247, 266–87
grain, 18, 319
graph theory see also network, 57, 64, 65, 269, 276

complete, 65
edge, 57

connected, 57
node connectivity, 65
order, 65
vertex, 65, 74

network, 55, 57–64, 269, 274
Delaunay triangulation (DT), 62, 63, 74
Gabriel graph (GG), 59–60, 63
minimum spanning tree (MST), 59–63
mutual nearest neighbors (MNN), 63
nearest neighbors (NN), 63
relative neighbourhood graph (RNG), 59, 63

path, 33, 57
cycle, 57

planar, 65
polygons

Dirichlet, 60
Thiessen, 60
Voronoi, 60

subgraph, 59, 62
tessellation, 60
topology (topological), 57
tree, 57

Griffith’s space-time index, 258

H-functions, 48
heterogeneity (spatial heterogeneity), 11, 122
hierarchical global partitioning, 205
homogeneity (spatially homogeneous), 5, 11, 12, 89,

256
homogeneous regions, 206

I-function for multivariate point-pattern analysis, 48
image processing, 184
independent variables, 26
indicator functions, 135, 137
induced spatial autocorrelation, 214, 220, 223, 229,

243, 255, 334, 335
induced spatial dependence, 9, 31, 124, 154, 212, 214,

334, 335, 338
inference tests, 21, 328
inherent spatial autocorrelation, 124, 154, 212, 214,

220, 246, 255, 334, 335
inherent spatial structure, 204
inherent (internal, endogenous) process, 7, 204
inhibition (spatial), 29, 36
inhomogeneity (heterogeneity), 321
interpolation, 26, 57, 159–70, 172, 196, 257, 316, 331

inverse distance weighting, 116, 154, 160, 164, 165,
167, 172

kriging, 57, 132, 135, 137, 138, 160, 164, 165–70,
172

proximity polygons, 160
trend surface analysis, 153, 161, 163, 164, 167, 169
Voronoi polygons, 60, 160, 298

intrinsic hypothesis, 133
inverse of distance squared, 116

inverse distance weighting, 116, 154, 160, 164, 165,
167, 172

isotropic (isotropy), 20, 105, 125, 127, 131, 139, 167,
209, 210, 331

iteration process, 170, 180

Jack-knife approach see also randomization tests, 241
Join count statistics, 118, 261

H Moran (heterogeneous Moran), 122
k categories, 120

kernel filters, 189, 190, 199, 205, 206–9, 210
kernel function, 55, 301
K-function see also Ripley’s K, 41, 102
k-means clustering, 182, 193
Knox’s approach see also Mantel tests, 268
kriging, 57, 132, 135, 137, 138, 160, 164, 165–70, 172
blocked, 169
co-kriging, 147, 169
conditional annealing, 29, 170
errors, 166, 167, 172
indicator, 170
multivariate, 170
non-linear, 169
ordinary, 169
punctual, 169
stratified, 169
universal, 169

lack of independence, 85, 212, 228, 233, 258, 316,
334

lacunarity analysis, 79–81, 84, 94, 95, 261
lag, 9, 18, 21, 227, 232
lag (space and time), 264
landscape

connectivity, 64, 66
ecology, 64
metrics (indices), 13
patch structure, 66, 139

Laplacian filters, 207–9
lattice, 18, 189, 196, 223, 227, 230, 264, 265
lattice data, 114, 118, 122
lattice-wombling see also boundary, edge detection,

190–205
leaf, 74, 206
lichen, 293
linear dependence, 216, 220
linear independence, 253
linear model, 135, 137, 138

equations, 169
interpolation, 164
regression, 165, 220, 238, 244, 302

local
Geary’s c, 153
Getis G and Gi

∗, 157–9, 172
cold spots, 158
hot spots, 158

local indicator for categorical data (LICD), 159, 172
local indicator of spatial association (LISA), 154
join count, 159
Moran’s I, 154–7, 158, 159
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local (cont.)
spatial analysis, 5, 13, 52, 153–9, 171, 172, 317,

320, 328
spatial pattern, 25, 96, 206

log-likelihood ratio (G statistic), 234
L-transform, 39, 41, 44, 76, 81
Lyapunov exponent, 308–10

magnitude of change (rate of change), 196
Mahalanobis distances, 188
Mantel tests, 148–53, 258, 268, 302, 324

Mantel correlogram, 150, 302
partial Mantel tests, 153, 172, 292

mark correlation analysis, 55–7, 63, 329
marked point analysis, 32, 57
Markov models, 223, 229, 235, 236, 284

process, 41
reversible, 234

mark–recapture method, 290
Mexican hat see wavelet
minimum spanning tree (MST), 59–75
models, 26, 213–18, 222, 229, 254, 294, 317, 318

autoregressive (AR), 223, 227, 228, 229, 230–1,
233–46, 247, 334

conditional autoregressive model (CAR), 29, 160,
225, 230, 233

dynamic, 310
mathematical, 247
moving average (MA), 160, 224–31, 233–46, 322,

334
simultaneous autoregressive (SAR), 160, 224–31,

233
spatial, 138, 139

modifiable area unit problem (MAUP), 146
modified correlogram, 302
Monte Carlo model see also randomization tests, 26,

35, 46, 86, 105, 189, 242, 254, 324, 327,
331

Moran’s I (global Moran’s I), 124, 334
mosaic, 89, 91, 175, 266, 274
mosaic of polygons, 105
movements, 293, 316

paths, 285
subpath, 289
through space, 261

moving average models (MA), 160, 224–31, 233–46,
322, 334

moving split-window technique, 187–9
moving window, 79, 133, 189, 230, 266
multiple linear regression, 26, 161
multiple testing, 126
multiscale

analysis, 206
ordination (MSO), 89, 90, 330

multispecies analysis, 90, 235, 330
multispecies point patterns, 89–91
multivariate analysis, 103, 172, 187, 190, 241,

266
multivariate point pattern analysis, 47, 63
mutual nearest neighbours network (MNN),

63

nearest neighbors, 33
distance, 203–4
network (NN), 33–5, 43, 48, 57, 63, 103, 118
refined nearest neighbour method, 35–7, 41, 47

neighbourhood matrix, 153
neighbours, 212, 223, 229, 269, 276, 291, 334

network, 98, 113, 177, 330, 331
weights, 225, 230

network see also graph theory, tesselation, 55, 57–64,
269, 274

Delaunay triangulation (DT), 62, 63, 74
Gabriel graph (GG), 59–60, 63
minimum spanning tree (MST), 59–63
mutual nearest neighbors (MNN), 63
nearest neighbors (NN), 63
relative neighbourhood graph (RNG), 59, 63

new quadrat variance (NQV), 84–5, 330
Neyman–Scott process, 41, 52
Neyman Type A process, 41, 320
noise (random), 5, 146, 189, 205, 208, 210, 220, 308,

310
non-linear trend, 7, 161
non-parametric rank test, 288
non-parametric spatial covariance function, 242
non-randomness, 332
non-stationarity, 13, 18, 85, 112, 113–14, 211, 253,

255, 317, 320
normal distribution approximation test, 126
normalized difference vegetation index (NDVI), 205
nugget effect see also variography, 134, 144, 165

nugget model, 135, 137
null hypotheses, 27, 33, 36, 86, 105, 119, 120, 122,

149, 202, 219, 225, 233, 264, 277, 286, 322–3,
324, 327–8, 329, 334

null models, 52, 264, 266

omnidirectional
correlogram, 140–1, 155, 323
variogram, 140–1

one-dimensional analysis, 75–81
optimal spatial sampling design, 24, 169
ordination techniques see also partial ordination

techniques, 153
canonical correspondence analysis (CCA), 153
multiscale ordination (MSO), 89, 90, 330
principal componenets analysis (PCA), 89
principal coordinates of neighbour matrices

(PCNM), 153
redundancy analysis (RDA), 153

overdispersion, 263, 329
overlap statistics, 202, 328
oversampled data, 276

paired quadrat covariance (PQC), 88
paired quadrat variance (PQV), 55, 83–6
partial ordination techniques see also ordination

techniques
partial canonical correspondence analysis (partial

CCA), 153, 172
partial redundancy analysis (partial RDA), 153

partial correlation, 243
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partitioning methods, see also boundary, edge
detection, 12, 44, 52, 53, 206, 338

partition, 266
partitioned variances, 91
patch, 176, 177, 184, 193, 211, 254, 262, 288, 289,

293, 299, 329
patch size see also spatial range, zone of influence, 80,

100, 131
patchy (patchiness), 5, 127, 213, 228, 233, 249, 266,

269, 277, 325, 329, 330, 334
path, 33, 57, 65

movement paths, 269, 276, 284, 285, 286, 289,
331

path sinuosity, 284
path tortuosity, 284

pattern, 5, 32–3, 46, 58, 86
peak, 82, 102, 189, 265, 266

peak (variance), 96
Pearson’s correlation coefficient, 123, 124, 126, 149,

172, 293
Pearson’s X2, 234, 286–7
perimeter, 74
phase space diagram, 308
pilot study, 249, 255, 319, 321
pixel, 94, 95
planar graph, 65
point data, 33
point interpolators, 160
point pattern analysis, 25, 33, 37–55, 64, 66, 75, 102,

111, 114, 269, 274, 317
point-event distance, 81–2
point-to-nearest-event function + F(t), 48
Poisson cluster, 29
Poisson distribution, 25, 39
Poisson–Poisson distribution, 41, 105, 320
Pollard’s statistic, 35
polygon, 269, 274–90, 298
polygon change analysis, 261, 269–74, 316, 329,

333
polynomial regression see also regression, 153, 161
population of inference, 20
population data, 32–3
power, 142, 253, 319
pre-whitening, 220, 334
principal components analysis (PCA), 89
principal coordinates of neighbour matrices (PCNM),

153
process, 13–14, 26, 144, 212, 256, 261, 316, 320, 328,

333
process and pattern, 1, 2, 256, 261, 291, 316, 333
proximity, 291

matrix, 228, 229, 233
pseudoreplication, 285, 316

quadrat see sampling unit
quadrat variance analysis, 82–8, 96, 97, 126

covariance
paired quadrat covariance (PQC), 88
three term local quadrat covariance (3TLQC), 88
two term local quadrat covariance (TTLQC), 88,

89

variance
blocked quadrat variance (BQV), 82
Galiano’s NQV, 262
new quadrat variance (NQV), 84–5, 330
paired quadrat variance (PQV), 55, 83–6
three term local quadrat variance (3TLQV), 84,

89, 91, 98, 262, 330
triplet quadrat variance (tQV), 84, 88, 91
two term local quadrat variance (TTLQV), 55,

82, 84–5, 87–8, 89, 91, 97–8, 105, 302, 304,
334

quadtree, 206
quasi-stationarity, 133

random paired quadrat frequency, 91
random walk, 277–84
randomization tests, 26–9, 46, 52, 63, 81, 86, 94, 95,

126, 138, 149, 158, 204, 254, 284, 289, 302,
319, 322–8

caterpillar, 240, 241, 327
complete spatial randomness (CSR) see complete

spatial randomness
envelopes, 37
Monte Carlo see Monte Carlo
null reference distribution, 27–8
probability, 27
reference distribution, 26
relation to null hypotheses, 322–3
restricted, 24, 29, 86, 149, 151, 202, 239–41, 322,

323, 326–8, 334
sequential, 29
spatial dependence, 28–9
toroidal shift (torus shift), 23, 24, 29, 239–40,

326–8
randomly (generated) pattern, 320
randomness see also randomization tests, 263, 266,

305, 329
range see spatial range
rate of change, 199, 206, 211
recruitment index, 74
redundancy analysis (RDA), 153
reference distribution, 26, 149, 234, 239, 327
regionalized variable theory, 132–3
Reich’s method, 51–2
relationship (spatial dependence), 21, 26
relationship, 243, 255
relative neighbourhood graph (RNG), 59, 63
relative spatial arrangement, 324
remote sensing, 207
repetitive structures, 253
resampling see also randomization tests, 241
residuals, 26, 30, 150, 220, 244, 247, 317, 318, 334
restricted randomization tests see randomization

tests
response surface methods, 310
Ripley’s K-function, 37–43, 47, 52, 329

bivariate, 35, 266
three dimensions, 81–2

robust, 122, 221, 242, 325
robustness, 126, 167, 236, 326
runs test of randomness, 236, 247, 269, 277
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SADIE see Spatial Analysis by Distance IndicEs
sample data, 111–12
sample size, 18, 112, 142–4, 222, 229, 286, 319, 321,

325
sampling design, 5–6, 13–24, 112, 146, 184, 249, 319
sampling units, 14, 25

contiguous (transect, lattice), 20–32
resolution (grain, size), 18, 19, 146, 189, 201, 235,

319, 325, 327, 328
shape, 10, 20, 112

scale(s), 1, 5, 18–20, 31, 33, 140, 213, 249, 292, 319,
320

scales of pattern, 82, 206, 325
scalogram approach, 153
second-order moment, 37, 41, 48, 133
second-order stationarity, 169
segmentation see also boundary detection, edge

detection
segregation, 44, 100, 101, 329
segregation index, 50
semi-variance see also variogram, 133–4, 135, 147,

172, 334
head locations, 135
tail locations, 135, 137

serial correlation, 241
shortest replacement path, 67
significance testing, 26–9
significance tests for quadrat variance methods, 85
simultaneous autoregressive (SAR), 160, 224–31, 233
smooth (smoothed, smoothing), 55, 159, 172, 196,

208, 209
space-time analysis see also spatio-temporal analysis,

257
Spatial Analysis by Distance IndicEs (SADIE), 94
spatial

arrangement, 144
association of categories, 118
asynchrony, 316
autocorrelation, 41, 85, 116, 124, 147, 176, 196,

205, 212, 220, 235, 249, 253, 334
surrogate, 30

autocovariance, 123
autoregression, 160
chaos, 313–14
clustering, 176, 177, 199
connectivity, 64–75
correlogram, 127
covariance, 133, 171, 304
dependence, 6–9, 28–9, 30–1, 153, 159, 160, 165,

167, 218, 234, 235, 236, 242, 244, 255, 328
direction, 192
distance, 18
epidemiology, 266
heterogeneity, 25, 112, 153, 180
homogeneity, 180, 192
independence, 213
lag (interval, space lag), 112, 116, 123, 133, 135,

140, 144, 288
legacy, 4
models, 159
neighbourhoods, 112, 113

overlap, 202–5, 269–74
partitioning, 211
pattern, 21, 120
range, 127, 131, 134–5, 144, 166, 167
relationship, 147
resolution, 112
series, 213
significant, 21
statistic, 9, 13, 25–6, 113, 261, 317, 324

assumptions, 11
synchrony, 299, 316

spatial and temporal autocorrelation, 316
spatially autocorrelated, 184
spatially explicit dynamic models, 257
spatially homogeneous areas (sub-areas, clusters),

192, 320
spatially partitioned, 320
spatio-temporal analysis, 2, 257, 307, 315, 316

autocorrelation, 258, 287, 289, 299
chaos, 314
Griffith’s space-time index, 258
join count, 263–5
patterns, 313
relations, 301

Spearman’s correlation, 149, 303, 304
species turnover, 192, 197
spectral analysis, 95, 97
split-moving window (SMW), 330
spurious angular autocorrelation, 269, 276
spurious correlation, 26
squared Euclidean distance, 188
standardized residuals, 101–2
stationarity, 11, 13, 41, 95, 122, 123, 124, 132, 133,

155, 172, 277, 320, 327
statistical analysis, 257
statistical testing, 213, 220, 248, 254, 269, 277, 289,

324, 325, 333
stochastic, 11–13, 308, 314
stochastic spatial process, 29, 170, 327
Sturge’s rule, 116
surface pattern analysis, 26, 111, 114
survey study, 254
symmetric matrix, 148
synchrony, 300–4

Tavaré’s approach, 235, 236, 238
temporal

autocorrelation, 123, 258
chaos, 314
cycles, 299
edge effects, 268
interval, 123
lag, 288

temporal and spatial proximity, 268
tessellation, see also graph theory, network, 60, 114,

258
theoretical variogram, 134, 135, 137–8, 166
Thiessen polygon, 60, 160
three term local quadrat covariance (3TLQC), 88
three term local quadrat variance (3TLQV), 84, 89,

91, 98, 262, 330
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three-dimensional marked point process, 81
three-dimensional sample, 94, 95
threshold distance, 75
time lag, 301, 320
time series analysis, 142, 213, 257
time to independence, 288, 316
Tobler’s first law of geography, 112
topology (topological space), 57, 74, 112, 113–14,

120, 180
toroidal shift (torus shift), 23, 24, 29, 239–40, 326–8
transforms, 95
transition probabilities, 234
transition zones, 185
travelling waves, 303, 304
traversability, 74
tree, 57
trend surface analysis, 153, 161, 163, 164, 167, 169
trend, 6
triangulation-wombling, 190, 196–9
triplet quadrat variance (tQV), 84, 88, 91
t-test, 223, 229, 253
turning angles, 269, 274, 289
two part window, 82
two term local quadrat covariance (TTLQC), 88, 89
two term local quadrat variance (TTLQV), 55, 82,

84–5, 87–8, 89, 91, 97–8, 105, 302, 304, 334

uniform pattern (regular, overdispersed), 35
univariate point pattern analysis, 32–3, 48, 99–100,

266
unsampled locations, 132

variance, 86, 140, 229, 233, 238, 241, 318, 338
variance–covariance matrix, 57, 89, 166, 217, 227,

228, 230–1, 232, 233
variance–mean ratio, 25, 94, 95
variography see also kriging, variogram, 132

h-scattergrams, 135
Lagrangian multiplier, 166
Semi-variance (spatial variance), 25, 132, 140,

170
variogram (experimental, sample), 134, 135, 139, 144,

165, 247, 317, 320, 331
directional, 135

models (theoretical), 134, 166, 318
bounded (variograms with sill), 137–8
exponential, 135, 137, 247
Gaussian, 138, 247
nugget, 135, 137
spherical, 137, 247
unbounded (variograms without sill), 137

nugget effect, 134, 144, 165
range, 10, 131
sill, 134–5, 137, 139

vertex
connectivity, 65
removal, 74

Voronoi polygons, 60, 160, 298
voxels, 94, 95

Walsh transform, 95
wavelengths, 95
wavelets

analysis, 96–8, 105, 110, 205–6
boater, 99, 101, 102
covariance, 330
French top hat (FTH), 97, 99
Haar, 97
Mexican hat, 97, 330
Morlet, 97
three-dimensional sombrero, 98
transform, 96, 97
variance, 96
Walsh transform, 95
wavelet transform, 95

weak stationarity (quasi-stationarity), 133
weight matrix, 124, 154, 226–7, 232
whitening see pre-whitening
window (template) approaches, 33, 57, 159, 189–90,

196
windowing function, 97
wombling see edge detection

categorical, 193, 197–9
lattice, 190–205
triangulation, 190, 196–9

zonal anisotropy, 135, 169
zone of influence (patch size, range), 10, 131
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