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Individual Capital Assessment, 147
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Kaplan—Meier estimator, see non-parametric
estimate

Kolmogorov forward equations, see
multiple-state model
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lag-1 autocorrelation test, see goodness-of-fit
tests
latest usable end date, 23
late-reported deaths, 41
law of large numbers, 55
leap year, 82
least squares, 166, 167, 170, 171, 175
Lee—Carter model, xiv, 209, 210, 222, 236,
239, 353, 354
left-censoring, see censoring
left-truncation, xiii, 16, 57, 60, 67, 69, 87, 135,
281,289, 291, 317, 322
introducing bias, 60
level risk, 151
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life insurance mathematics, 55, 274
life table, 7, 49, 54, 63, 86, 274
radix, 49
select life table, 60
linear predictor, 178, 179, 181
link function, 179-181
logit, 175
log-likelihood, 95
longevity, 63

MA(g) model, see time series
machine arithmetic
overflow, 345
underflow, 344
Makeham model, see parametric model
Markov Chain Monte Carlo methods, 99
Markov model, xv, 54, 262, 286, 291, 321
martingale, see counting process
matrix
positive semi-definite, 158
maximum likelihood theorem, 336
MCMC, see Markov Chain Monte Carlo
median, 146, 148, 333
metaphone encoding, 28
mis-estimation risk, xii, 147
model choice, 94
model risk, 153, 251
mortality law, see parametric model
mortality projection, see forecasting
mortality ratio, 6, 45, 63, 67, 68, 73, 76, 80,
87,91, 288, 291
Mosaic, see geodemographic classification
moving average model, see time series
multiple-decrement model, see competing
risks model
multiple-state model, 256, 279, 280, 328
absorbing state, 264
Chapman—Kolmogorov equations, 260
coffin state, 264
counting process, 257
Euler scheme, 273
indicator process, 257
Kolmogorov forward equations, xv, 264,
266, 270, 276, 292
Markov model, 262
occupancy probability, 259
reduced form credit risk model, 278
Runge—Kutta algorithm, 273
semi-Markov model, 263, 276
single-decrement model, 54, 260, 325
state space, 256
Thiele’s differential equation, 274
transition intensity, 51, 54, 259

Nelson—Aalen estimator, see non-parametric
estimate
non-informative censoring, see censoring
non-parametric estimate, xiv, 63, 132
Aalen—Johansen estimator, 324
Fleming—Harrington estimator, 141
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numerical integration, 333, 344
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occurrence-exposure rate, 45, 288, 293
offset, see generalised linear model
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overdispersion, 203, 205, 353

parallel processing, 155
parameter error, 227
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parametric model, 75, 92, 131, 290, 325
Beard, 92
Gompertz, 75, 92
Gompertz—Makeham family, 92, 94, 131
Heligman—Pollard family, 92
logit Gompertz—Makeham family, 92
Makeham, 92, 185
Makeham—Beard, 92
Makeham—Perks, 92
Perks, 92
partial likelihood, see Cox model
PDF, see portable document format, 333
penalisation, 194
penalised likelihood, 196
penalty, 194
pension scheme, 17, 26
phased retirement, 26
PNG, see portable network graphic
Poisson
deviance, 96
distribution, 12, 76, 95, 100, 279, 290, 332
limits for grouped counts, 11
model, xiii, 9, 71, 72, 87, 88, 179, 286, 288,
290, 291
process, 71, 284, 290
quasi-Poisson model, 206
random variable, 291, 292
regression, 172
polynomial model, 182
portable document format, 333
portable network graphic file, 333
postcode, 30
code postal (France), 35
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Postleitzahl (Germany), 35
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UK, 33
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Postscript, 333
prediction error, 229
prediction interval, 169
principle of correspondence, 73
probabilistic model, 45, 57, 60, 63-65, 67, 69,
71,73,76,77, 281, 291
product integral, see counting process
product-limit estimator, see non-parametric
estimate
proportional hazards, 122, 126
baseline hazard, 123
covariate, 123, 124
Cox model, 124, 326
protected rights, 26
p-value, 10

quantile, 148, 330, 342
quantile-quantile plot, 104, 333
quasi-likelihood, 205
quasi-Poisson model, see Poisson

R, 5, 6, 82, 84, 137, 165, 183, 329

$ symbol, 166

: operator, 165

; symbol, 166

< operator, 165

FullNegLogL () function, 82

Logit() function, 176

MASS library, 247

Mort1Dsmooth() function, 196, 198, 201,
205, 233-235, 332, 353, 354

Mort2Dsmooth() function, 220, 248, 332,
354

MortalitySmooth package, 196, 198, 220,
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Mult() function, 212

NegLogL () function, 80

Read.HMD () function, 165, 352

Surv() function, 332

WhittakerSmooth() function, 189, 352

%*% operator, 237, 332
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a:b operator, 331

abs () function, 331
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function, 96

cbind () function, 166, 332

chol ) function, 158, 332

control option, 201
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packages, 329
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consistency condition, 48, 51, 57
density function, 52
distribution function, 46, 47, 50
survival function, 47
rate interval, 306
reduced form credit risk model, 278
regression model, 67, 93, 123
regulation of insurance companies, xi, 145
reinsurance treaty, 147
reliability analysis, 46
residuals, 100
deviance, 104, 115, 118, 125, 128, 129
Pearson, 101, 104
revaluation of pension amount, 18, 39
right-censoring, see censoring
risk
basis risk, 231
idiosyncratic risk, 231
mis-estimation risk, 231
model risk, 231
parameter risk, 231
stochastic risk, 231
volatility, 231
model, 251
roughness, 194
Runge—Kutta algorithm, see multiple-state
model
runs test, see goodness-of-fit tests

saturated model, 95
score function, 177, 334
Scotland, 32
seasonal mortality, 63
secular mortality study, 64
semi-Markov model, 263, 277, 292, 321
significance
financial, xi, 109, 126
statistical, xi, 102
Simpson’s 3/8 rule, 346
Simpson’s rule, 346
simulation, 238, 354
skewness, 333
smoothing
choice of smoothing parameter, 201

smoothing parameter, 188, 196
Whittaker, xiv, 186, 187, 353
smoothing parameter, see smoothing
SMR, see standardised mortality rate
Solvency II, xi, 146-148, 153
SQL, 20
SST, see Swiss Solvency Test, 146
standard error, 10
standardised deviations test, see
goodness-of-fit tests
standardised mortality rate, 32
stochastic error, 229
stratification, xiv, 13, 87, 115, 120, 129, 131,
142,263
Student’s t distribution, 331
subadditivity, 148
survival analysis, 15, 16, 46
survival time, 8
Swiss Solvency Test, 146, 147

Thiele’s differential equation, 274-276, 293
sum-at-risk, 275
time lived, 6, 8
time series, 225
ARIMA(p, d, g) model, 229, 332
ARMA(p, ¢) model, 229
AR(p) model, 228
autoregressive integrated moving average
model, 229
autoregressive model, 228
autoregressive moving average model, 229
MA(g) model, 228
moving average model, 228
Tower law, see counting process
transition intensity, see multiple-state model
trapezoidal rule, 345
two-dimensional P-spline model, 209, 216,
222,247
Type I censoring, see censoring
Type II censoring, see censoring
uncertainty, Xii
underwriting, 56, 61
United Kingdom, 32
valuation margin, 145
value-at-risk (VaR), 147
variance-covariance matrix, 347
waiting time, 284
well-specified models, 12, 19
Whittaker smoothing, see smoothing
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