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Anderson-Darling test, 303
APGARCH model, 53
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Artificial neural network, 57
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Asymmetric dependence, 294
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B-splines, 261
Backfitting method, 274
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Box-Cox transformation, 53, 59
Brownian bridge, 255
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fractional, 369, 404

càdlàg process, 366, 404, 417, 424, 436
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cDCC model, 22
Choleski decomposition, 180, 195, 376
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unobserved, 338
Composite likelihood, 116
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Conditional correlations, 19, 21–2,
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constant, 18, 111
time-varying, 23
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Gaussian, 20, 296–7, 299, 303,
305–6, 310–311

Gumbel, 296–9, 303, 306, 311, 315
maximum likelihood estimation, 300
MGARCH, 20, 316
multivariate, 294
multivariate static, 310
regime-switching, 294
Student-t, 296–7, 299, 303, 305–6,

310–311, 315
vine, 313, 315

Copula-based dependence measures, 298
Correlation targeting, 22–3
Covariance

blocking, 119
high dimensional, 103, 338, 342
observable factor, 105–7
statistical factor, 106
targeting, 24, 109, 115

Credible intervals, 190
Cross-validation, 276
Curse of dimensionality, 273, 285,

287–8
CUSUM test, 255

DCC model, 22–4, 29, 112–13, 116,
284, 289–290, 293, 296, 305–6,
400–401

factor, 113
SP, 290

DCC-MIDAS model, 23, 400–401
DCC-SV model, 30
DECO model, 23
Deconvolution kernel, 283
Diebold–Mariano test, 213
Distribution

t, 72, 132, 160, 295, 297, 302, 306
Beta, 31, 178
bivariate Gamma, 245
Gamma, 31, 56, 181, 230–232, 235,

245, 282, 397, 472
Gaussian, 2–3, 6–8, 11, 18, 25, 28,

72–3, 116, 267, 349–50, 429,
454, 456, 472

generalized error, 8
Inverse Wishart, 178
inverted-Gamma, 230
log-normal, 230
multivariate t, 181, 293, 295
multivariate Gaussian, 19, 293, 295

multivariate skewed-t, 19
normal inverse Gaussian, 406
Paretian, 2
Poisson, 472
skewed-t, 8–9, 18, 42, 132, 302
truncated normal, 181
Weibull, 230
Wishart, 45, 377

Double threshold ARCH model, 56
Dow Jones index, 252, 255, 261, 288
Dynamic correlation stochastic volatility,

170

Efficiency gains, 282
Efficient price, 320
EGARCH model, 7, 26, 30, 111, 152,

200–201, 203–5, 211–13, 221,
260

EIS, 28, 148, 153–7, 160, 163–4, 167,
173

Elliptical distribution, 293
Equicorrelation, 109, 112, 119, 124

covariance estimator, 107
dynamic, 23
forecast, 108

Equity markets, 73, 127, 129, 144, 343
Estimating function approach, 283
Evolutionary autocovariance, 250
Exceedance correlation, 294
Extreme value theory, 294, 455

Factor (MGARCH) model, 18, 24
Factor loadings, 24, 106, 114, 116, 119,

130, 137–8, 184, 192, 195, 341
Factor model, 104–5, 108, 112–14,

116, 119, 124, 128–9, 135, 144,
314, 370

Factor MSV model, 183
Factor structure, 23, 105–6, 113, 119
Factor-type SV model, 29
FIGARCH model, 14, 239
Financial crisis, 15, 31, 98, 129–130,

166, 172, 192, 236, 281, 359
Flexible multivariate GARCH, 110
Forecasting, 64, 260, 288, 465

consistent ranking, 471
Diebold-Mariano test, 475
high dimensional covariance matrices,

103
loss function, 471
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Mincer-Zarnowitz regression, 465
model confidence set, 479
multiple comparison, 477
pairwise comparison, 474
reality check, 477
superior predictive ability, 478

Frequency
domain, 256
low, high and ultrahigh, 407

Frobenius distance, 473, 475
Frobenius norm, 111, 339
Functional-coefficient volatility model,

276

GARCH-in-mean model, 280, 281
GARCH-MIDAS model, 398–401
GAS model, 308
Gaussian mixture distribution, 151
Gaussian white noise, 252
General-to-specific, 246
Generalised logistic function, 67
Generalized Bartlett’s Formula, 365
Gibbs sampler, 64
GJR-GARCH model, 7, 9, 10, 13, 51–5,

57, 59, 64, 66, 68–9, 111,
200–201, 203, 211–12, 221, 278,
390, 483

GMM, 28, 80, 226, 233, 247

HAR model, 43, 338, 363–4, 368–370,
376

CJ, 372, 378
HAR-CJ, 373, 379
LHAR-CJ, 373, 378–9
RV, 377
Tree HAR-CJ, 373, 375
Wishart, 377

HAR-GARCH model, 369
HEAVY model, 246
Hedging, 18, 211, 284
Heterogeneous market hypothesis, 363,

372, 379
HYBRID GARCH models, 393
Hybrid volatility model, 68

ICAPM, 391, 392
Identification, 13, 24, 29, 54, 61–2, 81,

91, 184, 202, 209, 228, 230, 238,
251, 260, 266, 273–5, 375, 418,
430, 448, 485

Identification, 445
IGARCH model, 10–11, 84, 94, 252,

483
IIS, 154, 157, 160, 163–4, 173
Importance sampling, 28, 153, 155, 160,

163, 167
EIS, 28, 148, 153–7, 160, 163–4,

167, 173
IIS, 154, 155, 157, 160, 163–4,

173
In-sample comparisons, 202
Inference for the margins, 301
Initial values, 26, 35, 63–4, 171
Instrumental variable, 275, 342
Instrumental variable estimation

local, 274–5
Integrated covariance, 333
Integrated quarticity, 330, 412
Integrated variance, 320
Internet bubble, 192

Jumps, 38, 40, 257, 365, 373, 403
disentangling, 410
Lévy process, 405
microstructure noise, 447
Poisson jumps, 366
test, 433, 447

Kalman filter, 28–9, 150–151, 344, 384
Kendall’s tau, 298, 304, 306–7

dynamic, 306
Kernel, 283, 412, 429, 450, 466

function, 120, 263, 271–2, 360
Epanechnikov, 289
estimate, 42, 255, 275, 285–6, 331,

431
etimate, 287
exponential, 355
finite-lag, 356
flat-top, 332
Gaussian, 289
Parzen, 120
rectangular, 368

Kolmogorov-Smirnov test, 303
Kuiper test, 303
Kurtosis, 26, 34, 88, 99, 166, 236, 293,

302
coefficient, 2, 6, 8, 133
excess, 2, 9, 38, 74, 100, 130, 302
leptokurtosis, 2, 5, 8
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Kurtosis (continued )
mesokurtosis, 8
platykurtosis, 8
unconditional, 12

Lagrange multiplier test, 60, 205
Lehman Brothers, 166, 192
Leverage effect, 51, 176, 201, 364, 372

cross, 177, 190
Local change point method, 308
Local polynomial inference, 264
Local stationarity, 251
Local-linear estimator, 272, 276
Locally stationary process, 251, 256
Locally stationary volatility models, 260,

281
Logarithmic GARCH model, 53
Long memory, 14, 89, 115, 239, 324,

363, 366, 368–370, 376
Loss function, 207, 210, 221–2, 309,

387, 467, 471, 475, 482–3, 485
ASD, 212
asymmetric, 72
economic, 123, 486
homogeneous, 207, 472
matrix, 472
MSE, 208, 211, 213–14, 473
proportional error, 472
QLIKE, 207–8, 211, 213
quasi log-likelihood, 239
Stein, 473

MA representation, 258
Marginal integration method, 275
Markov-switching GARCH model, 12,

13
Markov-switching model, 50, 294
Matrix-log transformation, 377
MCMC, 151, 178–9, 185, 378
Measurement error, 320, 322, 329–330,

332–3, 344, 448
multivariate, 336

Metropolis-Hastings, 159, 164
Microstructure Noise, 323, 330, 347,

428, 447
Epps effect, 328, 335, 348, 376
MIDAS, 390

MIDAS, 23, 43, 368, 385–6, 388,
391–3, 398, 401

ADL, 386

forecasting volatility, 383
Matlab toolbox, 384
model, 368
multivariate, 399
NIC model, 390
regression, 339, 384, 387, 389–390,

392, 396
Misspecification test, 60, 63, 68, 287
Mixture sampler, 176
ML, 7, 27, 42, 68, 91, 107, 113, 153,

162, 175, 178, 204, 226, 230,
247, 267, 300–301, 333, 338,
339, 344, 356, 413, 430, 453

simulated, 28
MN-GARCH model, 12, 76, 85, 98
Model Confidence Set, 208
Model selection, 202

general-to-specific, 246
Multimove sampler, 28, 30, 158, 176,

179, 183, 186, 192
Multiplicative decomposition, 67
Multiplicative error model, 225, 247, 397

asymmetric composite, 229
realized volatility, 235
vector, 243

Multiplicative variance decomposition,
67

Multivariate volatility model
adaptive, 267
BEKK, 18, 23, 68, 115–16, 284
locally stationary, 266
multiplicative, 266
nonparametric and semiparametric,

284
semiparametric copula-based, 288
VEC, 18, 23, 109–10, 113, 115,

284

Nadaraya-Watson estimator, 271
Neural network GARCH, 57

estimation, 64
News impact curve, 7–8, 203, 278, 389,

396
Nonlinear ARCH model (NLARCH),

53, 59
Nonlinear GARCH models, 49

estimation, 63
forecasting, 64
probabilistic properties, 59

Nonparametric estimator, 264, 268, 280,
284, 348, 354–5, 360
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Nonstationary covariance, 251
Nonstationary volatility models, 281
Notional volatility, 321
Numerical integration, 65, 178

O-GARCH, 24
model, 24
forecasts, 113
generalized, 24

Option pricing, 16–17, 72, 80–81, 150,
333, 342, 370, 375, 442

Ornstein–Uhlenbeck process, 407
Out-of-sample comparisons, 206

Path dependence, 12, 79, 80
Pearson’s correlation, 294, 298
Periodicity, 323, 447

estimation, 452
factor, 450, 452, 455, 458

Persistence, 5, 9, 11–12, 26, 31, 55, 75,
76, 85–6, 88, 95, 132, 160–161,
190, 194, 225, 228, 235–36, 238,
247, 251–2, 263, 273, 278, 302,
306, 363, 366, 369, 376, 392,
418, 443, 470

Poisson process, 38, 328, 366, 405, 407,
409, 458

Portfolio allocation, 118, 125, 209
Post-sample prediction test, 253
Posterior distribution, 179, 185
Prior distribution, 31, 160, 178, 185,

189, 192
Probability integral transformation, 295,

303

QML, 5, 7, 19, 20, 23, 29, 35, 63, 148,
151–4, 158, 160, 161, 167–8,
173, 202, 263, 270, 279, 281–3,
337, 353–7, 375, 391, 395, 397,
483

Quadratic covariation, 334
Quadratic variation, 320
Quantile dependence, 298

Rank correlation, 298, 303
Reality check, 208, 466, 477
Realized beta, 334, 341
Realized bipower covariation, 44
Realized covariance

asymptotic results, 334

bipower covariation, 433
Cholesky decomposition, 376
definition, 334, 434
matrix-log transformation, 377
modelling, 375
multivariate realized range, 335
outlyingness weighted quadratic

covariation, 433
pre-averaging estimator, 337
realized kernel, 336
threshold realized covariation, 433
two scales realized covariance

estimator, 336
Wishart autoregressive model, 376

Realized quadratic covariation, 44
Realized variance, 319, 384

ARFIMA model, 337
asymptotic results, 329
bipower variation, 413
definition, 321
duration-based variation, 425
forecasting, 337, 339
generalized realized range, 424
HAR model, 338, 363, 385
irregularly spaced observations, 425
MedRV, 422
MinRV, 422
modelling, 337
modulated bipower variation, 431
modulated multipower variations, 431
multipower variations, 415
option pricing, 342
pre-averaging estimator, 332
range bipower variation, 423
realized kernel, 331, 355
realized outlyingness weighted

variation, 422
realized power variations, 412
realized quantiles, 421
realized range, 332
staggered bipower variation, 429
staggering, 412
stylized facts, 365
subsample estimator, 330
threshold bipower variation, 371, 419
threshold power variations, 412
threshold realized variance, 416
two time scale estimator, 330, 451

Realized volatility, 207
Realized-GARCH model, 246
Recursive online estimation, 263
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Regime switches, 51, 91, 315, 382
Regime-switching copula model, 308
Regime-switching models, 294
Regularization, 112, 119, 122
Risk management, 127, 134, 175, 209,

211, 284, 366, 369, 375, 383,
386, 432

Risk-return trade-off, 341, 368, 391–3
RiskMetrics model, 10, 114, 115, 483

S&P 500 index, 54, 188, 281, 288
sector, 188

SCAR model, 308
Semimartingale, 38, 117–18, 320, 322,

333, 336, 403, 406, 449
Semiparametric ARCH model, 278
Semiparametric efficiency bound, 281,

288
Semiparametric estimator, 285, 286
Sequential testing, 68, 480
Sieve method, 261
Simulated annealing, 64
Simulated method of moments, 152
Single site sampler, 158
Single-index volatility model, 277, 279
Skewness, 19, 28, 74, 77, 98–9, 102,

128, 136–7, 141, 143, 293–4,
302

autoregressive, 130
coefficient, 3, 130, 133, 137
conditional, 73, 99, 128–9, 132–3,

135–6, 138, 144–5
negative, 9
spillovers, 18, 129, 139, 141, 144–5
time-varying, 18, 73, 128–9, 132,

133, 135, 138, 141, 144–5
unconditional, 12

Sklar’s Theorem, 295
Smooth transition GARCH model, 11,

13, 50, 54–5, 58, 61, 63–6, 77
Spectral density, 256

multivariate, 266
Spillovers, 243

mean, 128, 138, 144
volatility, 18, 21, 128–130, 135, 144,

245
Spline-GARCH model, 13, 16, 113,

260–261, 263, 267
factor, 23

State space model, 28, 150–151, 168,
180, 384

Stationarity tests, 253
STGARCH model

estimation, 63
forecasting, 64

Stochastic copula autoregressive model,
308

Stochastic volatility, 114, 150, 170, 270,
308, 344, 349–350, 441, 458

diffusion, 343, 390
model, 25, 32, 38, 52, 104, 149, 158,

167, 170, 172, 174, 200–201,
291, 345, 353, 370, 406–7,
445

multivariate model, 175
process, 33, 68, 202, 333
time-varying, 458

Stochastic volatility model
dynamic correlation, 170
factor, 183
multivariate, 175

Stock markets, 10, 18, 73, 97–9, 102,
127–8, 130, 141, 170, 188, 192,
200, 211, 214, 221, 236, 281,
288, 301, 323–4, 360, 388, 391,
401, 453

Structural breaks, 251–2, 268, 281, 308,
364, 374, 380, 382

Superior predictive ability test, 208
Survivor function, 299
Synchronization method

fixed clock time, 326, 328
refresh time, 326, 328, 358

Tail dependence, 294, 298–9, 305, 307
lower, 296, 299, 303–4, 310
upper, 296, 299, 304, 310

TAQ Data, 323
Taylor expansion, 61, 180
Test against ANN-GARCH, 62
Test against STGARCH, 61
Testing standard GARCH, 60
TGARCH model, 7, 51–2, 54, 56, 58,

59, 241
Time-varying autocovariance, 258
Time-varying covariance, 251
Time-varying GARCH, 58
Time-varying parameter models, 281
Total variation, 104, 257

norm, 260, 267
Transition function
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exponential, 55
Gamma, 56
logistic, 54
Taylor expansion, 61

TV-GARCH model, 58
TVC model, 22–3

Value-at-Risk, 17, 19, 72, 97, 99, 134,
209–12, 221, 308–9, 368, 383,
387

Variance
ratios, 139, 141

VEC model, 18, 23, 284
diagonal, 110
scalar, 109, 113, 115

Volatility
and macroeconomic variables, 16,

398–9
clustering, 2, 5, 11, 15, 26, 58, 67,

236, 368
forecasts, 36, 43, 73, 92–3, 211, 383,

386, 394, 401, 465, 467–71,
485

signature plot, 322, 333, 409, 441
Volatility-Switching GARCH model, 51

Wishart
autoregressive model, 45, 339, 376
HAR model, 377
process, 195
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