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Index

acquisition design, 171, 285, 289, 319; see also 
design of experiments

agriculture, 292
Aki–Richards approximations, 276
alternatives, 66

optimal alternative, 74; see also decision analysis
amplitude-versus-offset (AVO) seismic data, 19, 265; 

see also seismic data
anisotropy, 287
approximate Bayesian computation (ABC), 58, 200, 

362
approximate dynamic programming, 214, 218
Archie’s law, 277, 324
assessed form, 96
axioms of decision theory, 75

basin modeling, 21, 59, 247, 260, 321, 322
basin modeling example, 244

project, 321
value of information (VOI), 244–258

basin street blues, see basin modeling example
Bayes’ rule, 40, 96
Bayesian modeling, 39

fully Bayesian, 41
marginal likelihood and posterior, 40, 96
prior and likelihood, 40, 96

Bayesian network example, 233
Bayes’ rule, 42–44
North Sea model, 233–244
project, 319–321
sequential decisions, 214–216

Bayesian network toolbox (BNT), 313, 319, 328
Bayesian networks, 36, 44, 236–239, 356–359

child node, 36, 356
cliques, 358
conditional probability table, 36
directed acyclic graph (DAG), 80, 356
edges, 36
full conditional distribution, 356
Markov property, 356

nodes, 36
parent node, 36, 356; see also influence diagram

belief networks, 36
belief propagation, 358
big data, 2
binary variables, 24, 38, 42

project, 307–308
binomial distribution, 135, 340
black gold in a white plight, see reservoir 

characterization example
Boolean models, 118
borehole data, 280

cores, 282, 289
joint counts data, 287
XRF or XMET, 280; see also mining oxide grade 

example; rock hazard example
Brier score, 316

catchment, 205, 318
categorical process, 139
certain equivalent, 71, 77, 95; see also decision 

analysis
charge variable, 235
child node, 36, 356
choice rule, 75
Cholesky matrix, 58, 333, 336
circulant matrix, 336
clairvoyance, 93
classification, 31, 147, 225
clique tree, 358
cliques, 350

Bayesian networks, 358
Markov random fields, 141, 350
potentials, 142

closed skew-normal model, 134, 305
clustering, 249
CO2 sequestration, 309
cogency, 159
commitment to action, 67
conditional independence, 34–39
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conditional probability density function (pdf), 32; 
see also Bayesian modeling; probability density 
function

conditional probability table, 36, 248
conservation biology example, 180

prediction error, 226–227
project, 315–316
VOI, constraints, 210–211
VOI, high flexibility, 180–184

constraints, 162, 209–211
continuous pdf, 25
controlled source electromagnetic data, 264, 272
copula, 59
correlation, 28

spatial correlation, 111
correlogram, 111
coupled value, 159

high decision flexibility, 198–208
low decision flexibility, 186–198

covariance, 28, 34, 46, 102, 111
spatial covariance, 111
spatial covariance function, 112, 122, 314; see also 

spatial models; spatial simulation
crops, 293
cross-covariance, 112
cross-validation, 48
cumulative distribution function, 25
cut-off in grade, 283

dams, hydropower scheduling, 202, 318
decision analysis, 65–70

certain equivalent, 71, 77, 95
clairvoyance, 93
delta property, 72, 95
lottery, 70
maximum expected utility, 74
optimal alternative, 74
risk preferences, 70
strategy, 84
utility function, 70
value function, 69
VOI, definition, 95
wealth, 72, 74, 94

decision quality, 66
decision regions, 279, 284, 290
decision situations, 68

sequential decision situations, 161, 211–216
spatial decision situations, 158
static decision situations, 161

decision theory, 65–70
decision tree, 78–79

CO2 example, 309
decoupled value, 165

high decision flexibility, 173–186
low decision flexibility, 166–172

delta property, 72, 95
deposit, mining, 282

descriptive, decision making, 65
design of experiments, 21, 54

acquisition design, 171, 285, 289, 319
space-filling design, 220
spatial design, 121, 125, 220

detector experiment, 99
development, petroleum reservoir, 193
digging decision, 76
dimension reduction, 193
direct sampling (DS), 148
direct simulation, 116
directed acyclic graph (DAG), 80, 356
discrete probability function, 25
dissimilarity, 201
distinction of interest, 15, 68, 156
double Monte Carlo, 190, 200
drilling decisions, 263
d-separation, 357
dynamic programming, 78, 213, 218

approximate dynamic programs, 214, 218

economic, 3, 97, 221
edges, 36
electromagnetic data, 264, 272; see also resistivity 

data; geophysical data
elicitation schemes, 73
entropy, 25, 29, 34

spatial design, 221–222
equivalence rule, 75
evidence propagation, 358
exploration well, 232, 235, 246, 259
exploratory data analysis, 15
exponential utility function, 71
external field, Markov random field, 143, 269

facies, 148, 194, 268, 317, 322
factorization formula, 33, 34
failure or success, 44, 178, 214, 223, 250
fault, 259
five ‘Vs’’ of big data, 2
five rules of actional thought, 75
flow simulation, 196, 294, 317
for whom the bell tolls, see Gaussian projects 

example
forestry example, 169

prediction variance, 223–225
project, 313–315
spatial modeling, 125–128
VOI, high flexibility, 184–186
VOI, low flexibility, 172

forward–backward algorithm, 346
hidden Markov model (HMM) example, 52
Markov models, 346
Markov random field, 143, 352
project, 311, 316

frame, 66
free selection of sites, 173
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frozen, see hydropower example
full conditional distribution, 33

Bayesian networks, 356
Markov random fields, 141

gamma ray, 16, 17
Gassmann’s fluid substitution, 276, 324
Gaussian, 25, 28, 305, 331
Gaussian approximation, 55, 137
Gaussian mixture distribution, 30
Gaussian projects example, 102

certain equivalents, 76–77
decision trees, 85
modeling, 45–47
project, 306, 307
VOI, 102–104

generalized linear model (GLM), 339–343
spatial GLM, 135

geologic scenarios, 191, 294
channel orientation, 294
delta system, 193
meandering system, 149, 193

geophysical data, 263, 266–270, 272–277; see also 
seismic data; electromagnetic data

geostatistical simulation, 116–120; see also spatial 
simulation

geostatistics, 110
Gibbs formulation, 350
go with the flow, see petroleum simulation example
gotta get myself connected, see Bayesian network 

example
graphical models, 35, 42, 78, 236–239, 332, 356–

359; see also Bayesian networks; influence 
diagram

groundwater management example 
project, 326–329
VOI, 292–299

Hammersley–Clifford theorem, 351
harvesting decisions, 169, 184
heat flow, 247
Herodotus, 66
Hessian, 136, 341

likelihood, 335
hidden Markov random field, 143
hierarchical model, 121, 124, 340; see also Bayesian 

networks; influence diagram
high decision flexibility, 159

coupled value, 198–208
decoupled value, 173–186

HMM, 52, 179, 346–348
hydropower example, 202

project, 318–319
VOI, 202–208

I love rock and ore, see mining oxide example
importance sampling, 57

independence, 28
indifference, 71, 74, 94
inferred form, 96
influence diagram, 79–85, 309, 313

algorithms, 85
arcs, 80
nodes, 80
oil and gold example, 86–88
time-lapse seismic example, 88–93; see also 

Bayesian networks
information gathering, 104

decision quality, 67
sequential information gathering, 161, 216–220, 

257
spatial decision situations, 159
static information gathering, 161

information theory, 25, 29, 220–221
information measures, 220–221
interaction parameter, Ising model, 142
interpretation, 192, 298
intrinsic values, 239
inversion, Bayesian inversion, 40
inversion, sampling method, 58, 359
investment decision, 76

Gaussian projects example, 306
Ising model, 141, 350
isotropy, 112
iterative simulation, 117

join tree algorithm, 358
joint counts, 136

project, 326
joint pdf, 27; see also probability density function
junction tree algorithm, 39, 251, 358

kernel density, 27, 322
k-nearest neighbors, 261
Kriging, 108, 115, 120
Kronecker product, 124

Laplace approximation, 55, 57, 136, 137, 289, 311
latent variable, 121, 135
least squares, 51, 108, 334
likelihood, 40

Bayesian modeling, 40, 96
Hessian, 335
marginal likelihood, 40
parameter estimation, 48
pre-posterior, 96
pseudo-likelihood, 354
score, 335

linear utility function, 70
logic, 67
lottery, 70, 308, 309
low decision flexibility, 165

coupled value, 186–198
decoupled value, 166–172
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MacKenna’s gold, see oil and gold example
marginal likelihood, 40
marginal pdf, 28
Markov chain, 38, 344

absorbing state, 310
backward chain, 346
forward–backward algorithm, 346

Markov chain example, 178
modeling, 44–45
parameter estimation, 52–53
project, 310–311
VOI, 178–180

Markov chain Monte Carlo (MCMC), 59, 145, 323, 362
Gibbs sampler, 363
Metropolis–Hastings, 363
Slice sampling, 364

Markov mesh models, 144
Markov property, 38

Bayesian networks, 356
Markov chains, 38, 344
Markov random fields, 140, 349

Markov random field, 140–147, 268, 315
cliques, 141
external field, 269
forward–backward algorithm, 143, 352
Ising interaction parameter, 142
Ising model, 141, 350
neighborhood, 140, 350
seismic data project, 323

material, 3, 97, 221
Matlab Bayesian network toolbox, 313, 319, 328
Matlab files, 303
Matlab reservoir simulation toolbox (MRST), 317
maximum expected utility, 74, 209
maximum likelihood estimation, 48

Bayesian networks, 357
Fisher scoring, 130, 335
Gaussian, 341
Markov models, 346
Markov random fields, 354
Newton–Raphson method, 49
spatial regression model, 125, 335

mean, 25, 28, 34, 46, 111
mean square prediction error, 127; see also spatial 

prediction
message passing, 358
migration, 235, 247, 260
mineralization classes, 50, 128, 282
mining decisions, 280, 281
mining oxide grade example, 280

project, 325–326
regression, 50–52
spatial modeling, 128–131
VOI, 280–285

mismatch, 201
Monte Carlo simulation, 32, 53–61, 359–364
multiattribute criteria, 73

multidimensional scaling, 54, 317
multiple-point geostatistics, 118, 147–151, 294

DS algorithm, 148
patch-based algorithms, 148
pattern simulation, 148
pixel-based algorithms, 148
SNESIM algorithm, 147
template, 148

neighborhood, Markov random fields, 140, 350
Netica, 297, 313, 327
never break the chain, see Markov chain example
nodes, 36
non-parametric models, 26, 32, 260
normative, decision making, 65
Norwegian wood, see forestry example
nugget effect, 112, 288

object-based simulation, 118
oil and gold example, 86

influence diagram, 86–88
project, 309–310

oil wildcatter, 81
project, 309

order rule, 75
oxide grade, 18, 50, 128, 280, 325

parent node, 36, 356
Pareto pdf, 26
partial imperfect information, 165
partial perfect information, 164
perfect versus imperfect information, 39, 96, 163

binary variables project, 308
conservation biology example, 182
Gaussian projects example, 46
mining oxide grade example, 128, 282

permeability, 194, 294, 317
petroleum development decisions, 231
petroleum prospect play, 233
petroleum prospect risking example, 258

project, 322
sampling, 59–61
VOI, 258–263

petroleum prospects, 233
anticlinal, 245
faults, 245
geological, 36, 232, 234, 259

petroleum simulation example, 193
project, 316–318
spatial modeling, 149–151
VOI, 193–198

pirate example, 98
Bayes’ rule, 42–43
digging decision, 75–76
VOI, 98–102

pluri-Gaussian models, 140
Poisson distribution, 135, 287, 326, 340
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porosity, 194, 247, 273, 294, 317
posterior value, 95

spatial decision situations, 163–165
posterior value computation, 97

approximate Bayesian computation, 201
interpretation, reliability measure, 192
Monte Carlo, 177, 190

Potts model, 350
power law distribution, 26, 304
precision matrix, 332
prediction error, 227
prediction variance, 123

information measure, 222–225
Kriging, 123

preference, 67
preference probabilities, 73
pre-posterior distribution, 96
prescriptive, decision making, 65
prior and posterior, 39–41; see also Bayesian 

modeling; probability density function
prior value, 95

definition spatial decision situations, 162
high decision flexibility and coupled value, 199
high decision flexibility and decoupled value, 174
low decision flexibility and coupled value, 188
low decision flexibility and decoupled value, 167

probability density function, 24
conditional pdf, 32
continuous pdfs, 25
discrete pdfs, 25
independence, 28
joint pdf, 27
marginal pdf, 28; see also statistical models

probability rule, 75
probability tree, 79
process-based and process-mimicking, 119
production, petroleum reservoir, 193
prospect, decision making, 69
prospects, geological, 36, 232, 234, 259
P-wave velocity, 16, 323
pyramid of conditions, 2, 97, 221

QQ plot, 48, 129, 283

random field, 110; see also spatial models; spatial 
simulation

random variable, 22
range, 112
recharge decisions, 293, 326
regression, 46, 50, 334

generalized linear model, 341
spatial regression model, 120

rejection sampling, 58, 361
relevance diagrams, 36
relevant, 3, 97, 221
reliability measure, 192, 194, 298, 327
reservoir attribute, 233, 247, 321

reservoir characterization example, 265
project, 322–324
spatial modeling, 144–147
VOI, 265–271

reservoir dogs, see seismic and electromagnetic data 
example

reservoir simulation, 317
resistivity data, 264, 272

Archie’s law, 277, 324
resource block, mining, 283
risk averse, 71
risk neutral, 70, 162
risk preferences, 70
risk seeking, 71
risking, 22, 59, 259
risky business, see petroleum prospect risking 

example
rock hazard example, 286

project, 326
spatial modeling, 136–139
VOI, 286–292

rock physics, 264
Gassmann’s fluid substitution, 276, 324
seismic and electromagnetic data, 324
seismic modeling, 267, 317
soft sand model, 273, 324

rock support, mining, 286
rules of actional thought, 75

salinity, 292
salt water wells in my eyes, see groundwater 

management example
sample space, 22, 27
saturation, 267, 273, 322
scenario, 69
scenario, geologic, 191, 294
segment, geologic, 234
seismic and electromagnetic data example, 271

project, 324–325
VOI, 271–280

seismic data, 18, 30, 144, 263–280, 322–325
Aki–Richards approximations, 276
AVO data project, 322
AVO gradient, 267
post-stack versus pre-stack data, 266, 272
time lapse, 88, 313
zero-offset attributes, 267

sensitivity, 182
sensitivity analysis, 54
separable covariance, 124
sequential decision situations, 161, 211–216
sequential Gaussian simulation, 118
sequential indicator simulation, 139
sequential information gathering, 161, 216–220, 257
sequential simulation, 117
sequential testing, 161, 216–220, 257
sill, 111, 288
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simulation, 53–61; see also Monte Carlo simulation; 
spatial simulation

skew-normal distribution, 132, 305
SNESIM algorithm, 149
snow measurements, 202, 318
soft sand model, 273, 324
source attribute, 233, 247, 321
space-filling design, 220
sparse matrix, 332
spatial alternatives, 156
spatial correlation, 111
spatial correlation range, 112
spatial covariance, 111
spatial covariance function, 112, 122, 314
spatial decision situations, 158
spatial design, 121, 125, 220; see also design of 

experiments
spatial generalized linear model, 135
spatial models, 107–110

Gaussian random field, 120
Markov random field, 140–147
multiple-point geostatistics, 147–151
pluri-Gaussian models, 140
process-based and process mimicking, 119
skew-normal distribution, 132
spatial generalized linear model, 135
truncated Gaussian models, 140

spatial prediction, 114–115
best linear unbiased predictor, 115
Kriging, 115, 123, 127
mean square prediction error, 115
optimal spatial predictor, 115

spatial regression model, 120
spatial simulation, 116–120

Boolean, 118
direct simulation, 116
iterative simulation, 117
object-based, 118
process-based and process-mimicking, 119
sequential Gaussian simulation, 118
sequential indicator simulation, 139
sequential simulation, 117
SNESIM, 149
unconditional and conditional simulation, 116, 117

SPE 10 dataset, 132
specificity, 182
St. Petersburg’s paradox, 308
standard deviation, 25
static decision situations, 161
static information gathering, 161
stationary, 38, 121

Markov chain, 345
random field, 110

statistical models, 22
Bayesian networks, 36, 44, 236–239, 356–359
binary variables, 24, 38, 42

binomial, 135, 340
Gaussian, 25, 28, 305, 331
Gaussian mixtures, 30
generalized linear models, 339–343
HMMs, 52, 179, 346–348
Markov chain, 38, 344
Poisson, 135, 287, 326, 340
power law, 26, 304
skew normal, 305; see also probability density 

function
stochastic simulation, 53–61; see also Monte Carlo 

simulation; spatial simulation
strategy, 84
subset selection, 210, 222, 284
substitution rule, 75
success or failure, 44, 178, 214, 223, 250
survey, 167

conservation biology example, 181
forestry example, 170
groundwater management example, 293
seismic and electromagnetic data example, 272

S-wave velocity, 323

test sequence, 217
the tree amigos, see conservation biology example
time after time, see time-lapse seismic example
time-lapse seismic example, 88

influence diagram, 88–93
project, 313

time–domain electromagnetic method, 292
airborne, 293
land-based, 327, 329

total imperfect information, 165
total organic carbon (TOC) content, 247
total perfect information, 163
total versus partial information, 39, 163

forestry example, 170, 184
Gaussian projects example, 46
reservoir characterization example, 266

training image, 118, 147, 149
transformation formula, 333
transformation of variables, 32, 58, 360
transient electromagnetic data, 292

airborne, 293
land-based, 327, 329

trap attribute, 233, 247, 321
treasure island, see pirate example
truncated Gaussian models, 140
tunnel, rock hazard, 286

uncertainties, 22, 68
unconditional and conditional simulation, 116, 117
uniform random numbers, 359
utility function, 70, 209

exponential utility, 71
linear utility, 70
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logarithmic utility function, 308; see also decision 
analysis

value function, 69
coupled, 188, 199
decoupled, 166, 174; see also decision analysis

value of clairvoyance, 93
value of imperfect information, 97

partial, 165
total, 165

value of information, 95
spatial decision situations, 163–165

value of perfect information, 95
partial, 165
total, 164

value table, 69, 80, 294, 309, 310
variable elimination, 39, 358

variance, 25, 28, 34, 111
variogram, 107, 111, 129, 325
versimultitude, 159

waste rock, 283
we will rock you, see rock hazard example
wealth, 72, 74, 94, 209, 308
workflow, 3, 230–231

framing the decision situation, 230
information-gathering schemes, 230
spatial model, 230
VOI analysis, 231

XMET data, 50, 128, 281
project, 325

XRF data, 50, 128, 281
project, 325
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