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Accessibility, 309–312
Adjacency, 335

binary, 338
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Alternate hypothesis, 143
Angle of rotation, 203
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Attribute data, 12, 46, 183
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Bimodal distribution, 48
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Centrographic measures, 183,
186–215, 218, 328

spatial mean (mean center),
189–195
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standard distance, 189, 198–
203

Centroid distance, 341–343
Chain, 280, 283–284
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172–175
Circuit, 308–309
Circular variance, 299–302
Classical statistics, 1–2, 9–11,

13, 45–46, 183
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directional, 93
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Coefficient of determination,
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Coefficient of variation, 65
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Combination, 130
Complete spatial randomness

(CSR), 248
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Confidence interval, 142–143
Confidence level, 142, 144
Connectivity, 304–312
Connectivity matrix, 304–306,

310, 313
binary, 336–339

Contingency table, 97–98
Correlation, 9, 93–108, 164–165,

172–176
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direction, 93–94
interval/ratio scale, 105–108,
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Covariance, 106, 368
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D

D statistics, 176–178, 224, 226–
229

Data model, 30
Data, feature, 12
Degrees of freedom, 144
Dependence, 93, 108
Dependent variable, 110
Descriptive statistics, 1, 4, 66–68,
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Difference between a mean and a

fixed value, 163
Difference in means, 153–157

large sample size, 156–157
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Dip-in, 271–275
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303
Directional statistics, 289, 294–
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Dispersion, 56–65, 93
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Distance decay, 335, 343
parameter, 263

Distance:
centroid, 341–343
euclidean, 341
great circle, 285, 341
linear, 284–285
Minkowskian, 341

Distribution:
bimodal, 48
D, 227–229
F (ratio), 147–149
frequency, 69, 130
multimodal, 49
normal, 62, 69, 136–140
Poisson, 133–136, 229–232
Student’s t, 153–156, 164, 168

Donnelly’s correction, 249–252

E

Edge, 306, 313
Edge effect, 220
Effect:

boundary, 220, 255
edge, 220
scale, 8, 84
zoning, 8, 84

EMAP, 271–275
Environmental Protection Agency,

US (EPA), 271–275, 277–
279

Error:
model specification, 112
sampling, 61, 127
Type-I, 146, 227
Type-II, 146

Euclidean distance, 341
Exploratory spatial data analysis

(ESDA), 424

F

F-distribution (ratio), 147–149
Feature data, 12, 183
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261, 263, 333, 341, 405

First moment statistics, 54, 69
First-order neighbors, 335
Fourth moment statistics, 69
Free sampling, 265, 355–361
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generate, 78

Frequency charts, 79
Frequency distribution, 69, 130
Frequency matrix, 97–98

G

Gamma index, 307–308, 313,
320–321

Geary’s ratio, 261–270, 333, 349,
367, 373–376, 422–423

General G statistic, 333, 350,
376–382, 422

Geographical extent, 220
Geographical scale, 25–28, 219
Geometric mean, 54–55
Geostatistics, 2, 267
Global measures, spatial

autocorrelation, 333, 350,
383–387

Great circle distance, 285, 341
Grouped mean, 55–56, 84, 89–

90, 188
G-statistics:

general, 333, 376–382
local, 393–395

H

Higher moment statistics, 69–74
Higher-order neighbor, 335
Higher-order neighbor statistics,

238, 246–248
Histogram, 50, 69–71
Hot spots, 377, 427
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Hypothesis, 2
alternate, 143
null, 143
testing, 143–146

I

Independence assumption, 2, 333
Independent variable, 110
Inference, 4
Inferential statistics, 1, 10
Intercept, 110
Interval/ratio scale, 15–16

correlation, 105–108, 117,
368–369

J

Joint count statistics, 333, 349,
353–367, 409–414

free sampling, 355–361
nonfree sampling, 361–363
normality sampling, 355–361
randomization sampling, 361–

363

K

K statistics, 253
Kendall’s tau, 103
K-function, 185, 219, 253–260
Kolmogorov-Smirnov test, 176–

178, 224, 226–229
Kriging, 267
K-S D statistics, 176–178, 224,

226–229
Kurtosis, 69–74, 82, 93, 266,

372, 376
leptokurtic, 74
platykurtic, 74

L

Leptokurtic, 74
Level of significance, 142–144

Likelihood, 354
Linear distance, 284–285
Linear features:

direction, 286–287
length, 284–286
orientation, 286–287

Link, 306, 309–312
Local G-statistics, 334, 393–395,

402–403, 422, 427–428
Local indicators of spatial

association (LISA), 334,
388–393, 400–402, 424

Location:
absolute, 11
relative, 11

M

Map:
projection, 25, 27–28, 220

distortion, 27–28, 220–221
scale, 25–27

Mathematical notation, 22, 24–25
Maximum, 57–58, 68
Mean, 52–56, 93, 188

arithmetic, 52–54, 188
directional, 294–299, 302–303
geometric, 54–55
grouped or weighted, 55–56,

84, 89–90, 188
population, 53
sample, 53
spatial, 189–192
weighted, 55–56, 84, 89–90,

188
weighted center, 192–195

Mean center, 189–192
weighted, 192–195

Mean deviation, 58–60
Median, 50–52, 188

spatial, 189, 195–197
Median center, 189, 195–197
Minimum, 57–58, 68
Minkowskian distance, 341
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Modal value, 48
Mode, 48–50
Model:

multivariate regression, 112
spatial average, 396

Modifiable areal unit problems
(maup), 7–9, 84–90, 260

Moment statistics:
first, 54, 69
fourth, 69
higher, 69–74
second, 54, 69
third, 69

Moran scatterplot, 334, 395–399,
403–405

Moran’s index, 261–267, 333,
349, 367–373, 422–424

Multimodal distribution, 49
Multivariate regression model,

112
Multivariate statistics, 46

N

Nearest distance, 343–345, 419–
422

Nearest neighbor analysis, 219,
238–253, 419–422

Nearest neighbor statistics,
boundary adjustment,
248–249

Neighborhood, 335–336
queen’s case, 335–336
rook’s case, 335–336

Neighbors:
first-order, 335
higher-order, 335
second-order, 335

Network analysis, 304–314
Network(s), 280–283

accessibility, 309–312
alpha index, 309, 313, 320–

321
circuit, 308–309
connectivity, 304–306, 313

connectivity matrix, 304–306,
310, 313

diameter, 311
edge, 306, 313
features, 267
gamma index, 308–308, 313,

320–321
link, 306, 309–312
maximally connected, 307
minimally connected, 307–308

Nominal scale, 13–14
binary, 14, 97–100
correlation, 97–103
polychotomous, 14, 100–103

Nonfree sampling, 265, 355,
362–366

Nonparametric statistics, 46, 172–
178

Normal distribution, 62, 69, 136–
140

Normality sampling, 265, 355–
361

Notation, mathematical, 22, 24–
25

Null hypothesis, 143

O

Observation(s), 3, 47, 128, 334
One-tail test, 147
Ordered neighbor analysis, 237–

253, 260
higher-order, 238, 246–248
second-order, 238, 246–248

Ordinal scale, 14–15
correlation, 103–105, 175–176
strong order, 14
weak order, 14

Orientation, 286–287
Outliers, 50

P

Parameter(s), 3, 127
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Parametric statistics, 46
Pearson’s product moment

correlation coefficient,
105–108, 117, 368–369

significance test, 166–167
Percentiles, 57–58, 93
Permutation, 129
Phi coefficient, 97–100
Planar graph topology, 307–308
Platykurtic, 74
Point distributions:

central tendency, 187–197
dispersion, 197–203
orientation, 197–198

Point pattern, 183
Point pattern:

first-order properties, 253
second-order properties, 253

Poisson distribution, 133–136,
229–232

Polychotomous statistics, 100
Population, 3, 53

mean, 53
standard deviation, 60–63, 198

Probability distribution, 130–143
binomial, 131–133
concept, 128–130
continuous, 130
D, 227–229
discrete, 130
F, 147–149
function, 130–140
normal, 62, 69, 136–140
Poisson, 133–136, 229–232
student’s t, 153–156, 164, 168

Process:
random, 2
systematic, 2

Projection, 25, 27–28, 220
Pythogorean theorem, 284–286

Q

Quadrat, 222
Quadrat analysis, 219, 221–226,

235–239, 260

Quadrat(s), 6
random, 225
size, 224
systematic, 225

Quantile, 22
Queen’s case neighborhood, 335

R

R statistics, 238–246
Randomization sampling, 265,

355, 362–366
Random numbers, 30
Random quadrat, 225
Random sample, 128
Random variable, 128–129
Range, 57–58, 68
Ratio scale, 14, 15–16

correlation, 105–108, 117,
368–369

Region(s) of acceptance, 145
Regression, 93, 108–115, 168–

172
bivariate, 109–111, 119
dependent variable, 110
independent variable, 110
intercept, 110
multivariate, 112
residuals, 110, 414
simple linear, 108–115
slope, 110
total variance, 112
variance, 111

Relative location, 11
Residuals, 110, 414
Rook’s case neighborhood, 335
Root mean square deviation, 61
Row-standardized matrix, 339–

341

S

Sample, 3, 53, 128
effective size, 10, 333
mean, 53
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random, 128
size, 3, 10
space, 128–129
standard deviation, 60–63, 198

Sampling:
error, 61, 127
free, 265, 355–361
nonfree, 265, 355, 362–366
normality, 265, 355–361
random, 4–6, 30–41
randomization, 265, 355, 362–

366
with replacement, 355
without replacement, 355
spatial, 5–6, 35–41
stratified, 5
systematic, 4–6, 35–41

Scale effect, 8, 84
Scale:

geographical, 25–28, 219
interval, 15–16
map, 25–27
measurements, 13–22
nominal, 13–14
ordinal, 14–15

stronger order, 14
weak order, 14

ratio, 15–16
Scales of measurement, 13–22
Scatter diagram, 95–96
Scatterplot, 95–96, 119–120
Second moment statistics, 54, 69
Second-order neighbors, 335
Second-order neighbor statistics,

238, 246–248
Significance level, 142–144
Significance test:

chi-square statistics, 172–175
coefficient of determination,

169
difference between a mean and

a fixed value, 163
difference in means, 153–157

large sample size, 156–157
small sample size, 153–156

difference in variance, 147–
149, 151–152

Kolmogorov-Smirnov, 176–178
nearest neighbor statistic, 243–

246
one-tail, 147
Pearson’s product moment

correlation coefficient,
164, 166–167

regression parameters, 168–172
regression slope, 168–172
spatial autocorrelation

significance, 264–267
Spearman’s rank correlation

coefficient, 175–176
two-tail, 147, 155
variance-mean, 232–235

Simple linear regression, 108–
115

Sinuosity, 291, 300, 316–319
Skewness, 69–74, 82
Slope, 110
Sparse matrix, 339
Spatial association, 377

local indicators (LISA), 334,
388–393, 400–402, 424

Spatial autocorrelation, 9–10, 45,
183, 185, 219, 330–334,
349–414

bivariate, 334, 350, 405–409
Geary’s ratio, 261–270, 333,

349, 367, 373–376, 422
general G-statistic, 333, 350,

376–382, 422
global measures, 333, 350,

383–387
joint count statistics, 333, 349,

353–367, 409–414
local G-statistic, 334, 393–395,

402–403, 425–427
local measures, 334, 350
local moran’s i, 424–426
Moran’s index, 261–267, 333,

349, 367–373, 422–424
residuals, 414
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Spatial autocorrelation
(Continued)

points, 219, 260–275
positive/negative, 353
strength, 332
test, 264–267

Spatial autocorrelation indices,
261–263, 349

expected value, 264
Spatial average model, 396
Spatial data, 12, 183
Spatial dependency, 330–334,

414. See also Spatial
autocorrelation

Spatial heterogeneity, 350
Spatial homogeneity, 350
Spatial interpolation, 267
Spatial mean, 189–192
Spatial mean, weighted, 192–195
Spatial median, 189, 195–197
Spatial pattern, 327
Spatial process, 327
Spatial statistics, 2, 183, 327–328
Spatial weights matrix, 305, 334–

349
binary connectivity matrix,

336–339
centroid distances, 341–343
nearest distances, 343–345
sparse, 339
stochastic/row-standardized,

339–341
Spearman’s rank correlation

coefficient, 103–105, 175–
176

significance test, 175–176
Standard deviation, 60–63, 93,

198
Standard deviation:

population, 60–63, 198
sample, 60–63, 198
weighted, 63–65, 84, 89–90

Standard deviational ellipse, 189,
203–208

Standard distance, 189, 198–203
weighted, 199

Standard distance circle, 199–203
Standard error, 141, 243–247,

249
Standard normal distribution,

138–140
Standardized score, 360–361
Stationary, 147
Statistical tests, 127
Statistics, 1, 3

bivariate, 46
chi-square, 100–103, 172–173
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46, 183
descriptive, 1, 46, 66–68, 75,
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directional, 289, 294–303
general G, 376–382, 422
higher-order neighbor, 238,

246–248
inferential, 1, 10
K, 253
K-S D, 176–178, 227–229
linear features, 290–294

directional, 291
length, 290
sinuosity, 291–302

multivariate, 46
nearest neighbor, 238–246
nonparametric, 46, 146, 172–

178
parametric, 46, 146–149, 87–
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polychotomous, 100
R, 238–246
second-order neighbor, 238,

246–248
spatial, 2, 183, 327–328
spatial autocorrelation, 349
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univariate, 46–47, 81–84, 87–

88
Stochastic weights matrix, 339–
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Student’s t-statistics, 153–156,
164, 168

Systematic quadrat, 225

T

Third moment statistics, 69
Topological relationship, 281
Topology, 304–306

planar graph, 307
Toxic Release Inventory (TRI),

216–217
Trajectories, 281
Trend analysis, 108–115, 115–
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Triangular lattice, 222
Two-tail test, 147, 155
Type-I error, 146, 227
Type-II error, 146

U

Uniform pattern, 222, 226
Univariate statistics, 46–47, 81–
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Urban sprawl, 409–414

UTM coordinates, 316

V

Variable, 46
Variance, 60–63, 68, 89–90, 93

circular, 299–303
regression, 111
weighted, 63–65, 84, 89–90

Variance-mean ratio test, 232–
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Vector(s), 280–283, 294
Visual Basics for Applications

(VBA), 28

W

Weighted mean, 55–56, 84, 89–
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Weighted variance, 63–65, 84,
89–90

Z

Zoning effect, 8, 84, 115–122
Z-scores, 137–138, 360–361
Z-values, 137–138










