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absolutely continuous function, 151
Act of God, 221
algorithm, 186
almost sure convergence, 195
almost surely, 97
anomaly, 296
Archimedean property, 133
asymptotic (1 − α)-CI, 208
axioms of coherence, 248

backtesting, 271
Banach–Tarski paradox, 97
Basel Accords, 168
basic bootstrap (1 − α)-CI, 213
basic reproduction number R0, 71
bathtub curve, 319
Bayes’ theorem, 109
Bayesian statistics, 110
bell curve, 154
Bernoulli distribution, 136
Bernoulli experiment, 137
Bernoulli trials, 139
bias, 237
bias–variance trade-off, 236
Big Deal, 107
binomial coefficient, 140
binomial distribution, 139
birthday problem, 326
black box, 194
Black Tulip, 337
block maxima, 236
block maxima method (BMM), 236
block maxima theorem, 230
bootstrap

basic bootstrap (1 − α)-CI, 213
bootstrap estimates, 211
bootstrap samples, 211
non-parametric bootstrap, 211
percentile bootstrap (1 − α)-CI, 213

Cantor’s (first) diagonal argument, 133
cartoons

1 in 10 000 events, 264
bank run, 25
bibliography, 345

Bootstrapman, 211
boy saving Haarlem, 4
Euler’s identity, 92
free hugs, 76
from Gauss to Gumbel, 218
good mathematician, 122
herding, 42
Hilbert’s paradox of the Grand Hotel, 135
ivory tower, xiii
Lehman Brothers, 27
lemon socialism, 28
logarithmic scale, 75
longevity, 322
Pareto principle, 149
Poisson, not poison, 147
records, 283
risk communication, 66
six degrees of separation, 328
wine, 315

ceiling function, 172
central limit theorem (CLT), 200
change point, 258
Chevalier de Méré paradox, 98
Clausius–Clapeyron relation, 323
cohort life table, 318
collateralized debt obligation (CDO), 29

CDO-cubed, 29
CDO-squared, 29
equity tranche, 29
mezzanine tranche, 29
super-senior tranche, 29
synthetic CDOs, 30
waterfall principle, 29

concepts
conditional distribution function, 160
conditional probability, 105
confidence interval (CI), 205
density, 150
distribution function, survival function, 121
empirical distribution function, 129
excess distribution function, 162
expected shortfall, 181
independence of random variables, 138
mean excess function, 166
mean, expectation, 164
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probability mass function, 131
probability space, 96
Q–Q plot, 178
quantile function, quantile, 169
quantile transformation, inversion method,

sample, sampling, 185
random variable, realization, 118
slowly varying, 232
stochastic representation, 119
tails of a distribution, 173
value-at-risk, 168
variance, standard deviation, 164

conditional distribution function, 160
conditional expectation, 166
conditional intensity, 278
conditional mean, 166
conditional probability of A given B, 106
conditional value-at-risk (CVaR), 182
confidence, 159
confidence bands, 206
confidence interval, 20

(1 − α)-CI, 205
asymptotic (1 − α)-CI, 208
basic bootstrap (1 − α)-CI, 213
percentile bootstrap (1 − α)-CI, 213

confidence level, 168, 181
confidence regions, 206
conservation of energy, 47
continuous, 126, 151
convergence in distribution, 200
convergence to types theorem, 228
coronavirus, 71
countable, 97
coupling, 116
covariates, 20, 247
coverage probability, 205
COVID-19, 70

exponential growth, 71
precautionary principle, 74
testing

false-negative rate, 110
false-positive rate, 110
negative predictive value (NPV),

111
PCR tests, 110
positive predictive value (PPV), 110
prevalence, 110
sensitivity, 110
specificity, 110
true negative rate, 110
true positive rate, 110

Credit Default Swap (CDS)
corporate CDS, 31
covered CDS, 31
naked CDS, 31
sovereign CDS, 31

dark data, 18
de Moivre–Laplace theorem, 203

declustering, 246
deGARCHing, 267
degenerate, 136
degenerate cases of Bernoulli distribution, 136
degrees of freedom, 175
delta method, 202
Delta Report, 7
dense, rational numbers in the real numbers, 133
density, 151
design-life period, 262
detrending, 246
dichotomous experiment, 137
digital object identifier (DOI), 302
discrete distribution function, 125
discrete uniform distribution, 136
distribution, 119, 125

body, 127
distribution function, 122

conditional, 160
discrete, 125
empirical, 126
excess, 162

innovation distribution, 266
mixed type, 127
parametric family, 136
type, 228

distributions
Bernoulli, 136
binomial, 139
discrete uniform, 136
double exponential, 227
exponential, 153
Fréchet, 227
generalized extreme value (GEVD), 228

Fréchet case, 230
Gumbel case, 230
Weibull case, 230

generalized Pareto (GPD), 241
geometric, 141
Gumbel, 227
multivariate, 174
normal, 154
Pareto, 149
Pareto Type I, 233
Poisson, 147
standard normal, 157
standard uniform, 185
Student’s t, 175
uniform, 185
Weibull, 232

diversification, 37
double exponential distribution, 227

edges, 330
effective reproduction number Re, 71
elixir of life, 317
empirical distribution function, 126, 129
empirical quantile function, 171
epicenter, 46
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epidemic type aftershock sequence (ETAS), 278
estimate, 120, 144, 151
estimator, 151
Euler’s identity, 92
Eulerian paths, 330
event, 96
exceedance, 239
exceedance time, 240
excess, 162, 239
excess distribution function, 162
expectation, 163, 164
expected shortfall (ES), 181
expected tail loss (ETL), 182
exponential distribution, 153
exponential growth, 71
exponentially fast convergence, 174

failure rate, 319
false positive, 159
favorable, 100
financial crisis, 24
Fisher–Tippett–Gnedenko theorem, 229
flattening the curve, 75
floor function, 142
force of mortality, 319
Fréchet case, 230
Fréchet distribution, 227
free lunch, 35

Galton board, 202
generalized extreme value distribution (GEVD),

228
generalized linear model, 20
generalized Pareto distribution (GPD), 241
geocentrism, 61
geometric sum, 72
geometric distribution, 141
geometric sequence, 72
Glasgow Climate Pact, 293
Glivenko–Cantelli theorem, 198
Gnedenko’s theorem, 233
graph, 326
graph theory, 330
green seas, 289
Gumbel distribution, 227
Gumbel case, 230

H1N1 A influenza virus, 71
Hawkes process, 278
hazard rate, 319
heavy tail, 174
hedge, 30
heliocentrism, 61
Hilbert’s paradox of the Grand Hotel, 135
hypocenter, 46

identically distributed, 119
increasing, 123

independent, 98, 138
independent and identically distributed (iid), 137
indicator (function), 129
innovation distribution, 266
integrable function, 150
interarrival time, 162
Intergovernmental Panel on Climate Change

(IPCC), 292
inversion method, 185
irrational number, 102

joint probability, 138

Königsberg bridge problem, 330

L’Ecuyer’s combined multiple-recursive generator,
186

large numbers, 78
long scale, 78
short scale, 78

law
of large numbers, 195
of rare events, 146
of the instrument, 153
of total probability, 106
of truly large numbers, 335

Leadbetter’s theorem, 242
lemmas, 72

convergence to the exponential, 144
geometric sum, 72
mean and variance of Nn, 285

lemon socialism, 28
Let’s Make a Deal, 107
level, 168, 181
life table, 318

cohort, 318
period, 318
static, 318

light tails, 174
limit, 123
limit distributions, 195
limit random variables, 195
limit theorems, 195
linear transformation, 157
link function, 20
links, 330
liquidity, 32
location, 163, 229
logistic regression model, 20
logit function, 20
long scale, 78
longevity risk, 318
Lotto 6/49, 140

maximum domain of attraction (MDA), 226
maximum likelihood estimator, 152
mean, 163, 164
mean excess function, 166
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mean residual life, 182
measurable function, 232
median, 169
memoryless property, 162
Middle East Respiratory Syndrome Coronavirus

(MERS, MERS-CoV), 71
model risk, 194
moment, 164
Monte Carlo methods, 199
multivariate distributions, 174

n-sigma rule, 159
negative logarithmic returns (−log-returns), 178
nested simulation, 214
netting, 32
network theory, 330
networks, 326
ninja loan, 29
nodes, 330
non-degenerate, 136
non-parametric bootstrap, 211
normal distribution, 154
normalized scientific notation, 78
null sets, 97

ontosenescence, 320
optimal stopping, 309
order statistics, 129
over-the-counter (OTC), 32

P–P plot, 178
paradox, 97

Banach–Tarski, 97
Chevalier de Méré, 98
Hilbert’s Grand Hotel, 135
pea and the Sun, 97
Simpson’s, 113

Pareto distribution, 149
Pareto exponent, 233
Pareto principle, 149
Pareto Type I, 233
Paris Agreement, 295
partition, 97
pea and the Sun paradox, 97
peaks over threshold method (POTM), 236, 239
percentile, 169
percentile bootstrap (1 − α)-CI, 213
period life table, 318
philosopher’s stone, 317
physical distancing, 75
Pickands–Balkema–de Haan theorem, 242
pigeonhole principle, 135
plug-in estimator, 243
Poisson distribution, 146
Poisson limit theorem, 146
POT quantile estimator, 244

POT tail estimator, 243
power law, 149
power tail, 174
precautionary principle, 74
probability mass function, 131
probability measure, 96
probability space, 96
problem of points, 103
profit-and-loss (P&L), 168
programming, 194
proposition, 106
pseudo-random number generator, 186
Pythagoras’ Theorem, 83

Q–Q plot, 178
inverted S shape, 180
S shape, 180

quantile function, 169
empirical, 171

quantile transformation, 185

random number generator
L’Ecuyer’s combined multiple-recursive,

186
pseudo-random, 186

random variable, 118
realization, 118
record, 238
regulatory capital, 174
reproduction number

basic reproduction number R0, 71
effective reproduction number Re, 71

residuals, 249, 280
return level, 174, 238, 244
return level plot, 257
return period, 167, 239
return probability, 238, 239
right endpoint, 170
right-continuous function, 123
risk measures, 163, 167

average value-at-risk (AVaR), 182
conditional value-at-risk (CVaR), 182
expected shortfall (ES), 181
expected tail loss (ETL), 182
value-at-risk (VaR), 171

RiskMetrics, 168
rogue wave, 289
rule, 1/e stopping, 37%, 310
rule, 80/20, 149
run, 159

sample, 185
sample path, 196
sample quantiles, 178
sample space, 96
sample standard deviation, 198
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sample variance, 198
sampling, 185
scale, 164, 229, 241
scientific notation, 78

normalized, 78
secretary problem, 309
securitization, 29
seed, 193
selection bias, 18
self-excitement, 277
self-exciting behavior of earthquake aftershocks,

277
self-quarantine, 75
Semper Augustus, 337
senescence, 320
seven-day incidence rate, 120
Severe Acute Respiratory Syndrome Coronavirus 2

(SARS-CoV-2), 70
shape, 229, 241
short scale, 78
shortfall-to-quantile ratio, 182
σ-additivity, 97
significance level, 205
Simpson’s paradox, 113
six degrees of separation, 328
skewness, 227
slowly varying function, 232
social distancing, 75
Spanish flu, 71
speed of convergence, 210
sponge cities, 324
standard deviation, 164
standard error (SE), 208
Standard Model, 159
standard normal distribution, 157
standard uniform distribution, 185
standardized residuals, 267
static life table, 318
stationarity, 246
stochastic representation, 119
stochastics, 94
stratified, 112
strictly increasing function, 128
strong law of large numbers (SLLN), 195
Student’s t distribution, 175
subprime crisis, 24, 29
(sum) domain of attraction, 226
summary statistics, 163
support, 132, 149
survival function, 122
swine flu, 71
synthetic CDOs, 30

t distribution, 175
tail, 127

heavy, 174
left, 173

lower, 173
power, 174
right, 173
upper, 173

tail index, 233
tail loss, 174
terroir, 311
theorem, 98

Bayes’, 109
block maxima, 230
central limit (CLT), 200
convergence to types, 228
de Moivre–Laplace, 203
Fisher–Tippett–Gnedenko, 229
Glivenko–Cantelli, 198
Gnedenko’s, 233
Leadbetter’s, 242
limit, 195
Pickands–Balkema–de Haan, 242
Poisson limit, 146
Pythagoras’, 83
strong law of large numbers (SLLN), 195
threshold excess, 242
Vitali’s, 97

theoretical quantiles, 178
thin tails, 174
threshold, 239
threshold excess theorem, 242
time series, 249
tipping point, 295
transformed interarrival times, 280
transitivity, 115
trigger models, 278
tulip mania, 337
type, 157
type (distribution), 228

U-shaped curve, 319
uniform distribution, 185
units of measurement, 79
univariate distributions, 174

vaccine efficacy, 112
value-at-risk (VaR), 168
van Dantzig Report, 7
variance, 164
vertices, 330
virus, 71

coronavirus, 71
H1N1 A influenza virus, 71
Middle East Respiratory Syndrome Coronavirus

(MERS, MERS-CoV), 71
Severe Acute Respiratory Syndrome Coronavirus

2 (SARS-CoV-2), 70
Spanish flu, 71
swine flu, 71
zoonotic virus, 77
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Vitali’s theorem, 97
volatility, 247
volatility clustering, 266
von Mises conditions, 230

waiting time, 162
warehousing, 33

Weatherstone report, 4:15, 167
Weibull case, 230
Weibull distribution, 232
wet market, 77
World Wide Web (WWW), 331

zonk, 107
zoonotic virus, 77
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