
ABCP see asset-backed commercial paper

ABX index 186�8
ACF see autocorrelation . . .
AdjClose 7�9, 23�4, 94�5, 147�8, 219
AIG 152

algorithms, definition 247

analytical VaR 111�20, 132�3, 142
aparch() 53

APARCH models 44, 46, 52�4, 56
see also GARCH . . .
application 52�3
critique 52, 56

definition 52�4
goodness-of-fit measures 46

LR 52�3
Matlab 53�4
R 53�4

ARCH 35�8, 41, 42�51, 180�1, 216
see also GARCH . . . ; Lagrange multiplier
test

application 46�51, 180�1
ARCH-M model 41

critique 38

definition 35, 36�8, 42, 216
EVT 180�1
fat tails 36�8, 180�1
LR 44�51
Matlab 48�51
parameter restrictions 37�8, 43�4
R 48�51
unconditional volatility 36

usefulness assessment 38

ARCH-M model, definition 41

arima() 224�5
arima.sim() 225

arithmetic returns see simple returns

ARMA see autoregressive moving average
models

armaxfilter() 238

arrays, Matlab concepts 232�3, 234�5
AR see autoregressive models

Asian crisis in 1997 5�6, 11, 164
asset allocations 57�71

asset-backed commercial paper (ABCP)
186�8

asymmetric power GARCH see APARCH
models

asymptotic properties, MLE 154�60, 247�53
at-the-money options 116�20, 139�40
autocorrelation 6�9, 12�14, 29, 38, 48�52,

209�12, 215�16, 224�5, 237�8
see also autoregressive models;
correlation . . . ; Ljung�Box test;
predictability

definition 209�10
Matlab concepts 9, 13�14, 237�8
R concepts 8�9, 13�14, 224�5
S&P 500 summary return statistics from
1928 to 2009 6�9, 12�14, 38

test statistics 215�16
volatility clusters 12�14

autocovariance
see also covariance
definition 209�10

autoregressive models (ARs)
see also autocorrelation
definition 211�12

autoregressive moving average models
(ARMA) 210, 212, 224�5, 238

definition 212
Matlab concepts 238
R concepts 224�5

backtesting 38, 44, 76, 89, 91, 93, 98,
143�66, 208

assumptions 146, 162�3
Basel Accords 146, 155
Bernoulli coverage test 153�60
critique 143, 146, 162�3, 166
data mining 163
definition 143�6
ES 89, 91, 143, 160�2
‘‘frozen’’ portfolios 146
‘‘hit sequence’’ 153�60, 208
independence test 153, 155�60
loss-function-based backtests 159�60
Matlab 148�53
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problems 162�3, 166
R 147�53
S&P 500 sample returns from 1994 to 2009
147�53, 157�9

significance tests 153�60
structural breaks in the data 162�3
VaR 76, 89, 91, 98, 143�66
violations 143�66, 208

banks 20, 22�4, 143, 146�7, 165, 183�4,
186, 188�90

bar() 129

bar charts 128�9, 229�30, 243
barplot() 128�9
Basel Accords 33, 90, 146�7, 155, 178,

183�4
bear markets 9, 21�9
Bear Stearns (BS) 22�3
‘‘beauty’’ contests 183

BEKK 69�71
see also MVGARCH B

Bernoulli distributions 153�60, 208, 223
bern_test() 155, 158

bimodal likelihood function 248�9
binomial distributions 208, 223, 236�7
bivariate normal distributions 21�2, 24�8,

200�1, 203, 243
definition 200�1
exceedance correlations 24

Black�Scholes options pricing model 5,
20�1, 54, 115�20, 125, 129�42, 192�4

assumptions 116, 129

definition 115�16
Matlab 117�19, 129�32, 135�6, 139�40
R 117�19, 129�32, 135�6, 139�40

block maxima EVT approach 172

bonds 73, 84, 88�9, 110, 111�20, 121�42,
164�5

convexity 112�13
crash of April 1994 164

credit rating agencies 28, 164�5, 185�8
definition 112

duration-normal VaR 112�15
interest rates 111�15, 125�9
Matlab 112, 125�6
Monte Carlo simulations 121, 124�9, 142
portfolios 115, 124�9, 142, 164�5
prices 111, 112�15, 121, 124�9, 142 R 112,
125�6 VaR 111�20

bounded moments 18�21
Box�Muller random number method 124

Brady Commission 191�2

Brownian motion 5, 129
see also derivatives
bs() 117�19, 129�32, 135�6, 139�40
bull markets 9, 21�9
burn time 60�2

c() 218
calendar time, definition 133, 144�5
call options
concepts 115�42, 192�6
definition 115, 192

capital adequacy requirements 143, 146�7,
165, 183�4

cash flows, bonds 111�20, 125�9
cat() 158
Cauchy distributions 202, 223
cbind() 23, 59, 67, 94, 221�2
CCC 63�5, 70�1
CDFs see cumulative distribution functions
CDOs see collateralized debt obligations
CDSs see credit default swaps
centered moment of a distribution, definition

18�21, 203�4
central limit theorem (CLT)
see also scaling laws
definitions 89�90, 212�13

chi-squared (�2) distributions 120, 206�7,
212, 214, 223, 236�7

definition 206�7
test statistics 214

chi2cdf() 158, 214
Clayton copula 28�9, 236
CLT see central limit theorem
coherent risk measures 80, 81�4
see also expected shortfall

collateralized debt obligations (CDOs) 25,
185�6

comments, R 217�18, Matlab 231
conditional correlations
see also CCC; DCC
concepts 63�71

conditional distributions, concepts 93, 200�1
conditional means, concepts 41
conditional probability functions, definition

173�4, 200�1
conditional volatility 1, 11�29, 32, 34,

35�51, 57�71, 98�110, 148�53
see also GARCH . . .
definition 11

consistency property, MLE 250
Consumer Price Index (CPI) 5�6
contagion 57
continuous time, concepts 55�6, 129�42
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continuously compounded returns 1, 3�29,
100�1

see also returns
definition 3�5, 100
VaR 100�1

convergence 18�20, 248�51
convexity 111�20
convolution 176�82
copulas 25�9, 169, 217, 229, 236�7
see also Clayton . . . ; default risks;
Frank . . . ; Gumbel . . . ; marginal returns

application illustration 27�9
challenges 28
critique 28
definition 25�7, 236
Gaussian copula 25�9
nonlinear dependence 25�9
Student-t distributions 26�8
theory 25�7
types 28�9, 236

coredata() 7�9, 94, 147�8, 219
correlation coefficient 1�29, 57�71, 137�42,

166, 203�4, 220, 234
see also autocorrelation; nonlinear
dependence; Pearson . . .

definition 203
exceedance correlations 23�4

correlation matrix 57�71
cov() 60, 108
covariance 31, 37�9, 44, 57�71, 93�110,

137�42, 166, 200, 209�10, 220, 249
see also autocovariance; multivariate
volatility models; variance

definition 202�3
independence 202�3
matrix 57�71, 93�110, 137�42, 166
stationary 37�9, 44, 69, 209�10

CPI see Consumer Price Index
Cramér�Rao lower bound 173, 249, 250
credit default swaps (CDSs) 167�8, 186�8
credit rating agencies 28, 164�5, 185�8
credit risk, capital requirements 146�7, 165
crisis periods, nonlinear dependence 21�9
csv() 219
cumulative distribution functions (CDFs)
concepts 176�9, 197�201, 215, 222�3,
235�7

definition 197�8

data mining, backtesting problems 163
DCC 63�7, 70�1
de-meaned returns 35�41, 51�2
decay factors, EWMA 31�56

decision making, risk management 75, 196
default risks 28, 185�7
see also copulas

degrees of freedom 1�29, 40�1, 44�5,
102�3, 169�70, 206�8, 222�3, 224�5,
247

deleverage, definition 186
delta 111, 116�20, 192�6
see also gamma
definition 116�17
hedging strategies 192�6
Matlab 117�19
R 117�19

delta-normal VaR 119�20
densities
concepts 76�85, 86�91, 103�4, 131�2,
197�201

definition 197�8
density plots, options 131�2
derivatives 2, 5, 12, 20�1, 31�56, 73�5,

78�9, 80�1, 111, 115�20, 121�42, 164,
167, 192�6

see also futures; options; swaps
the ‘‘Greeks’’ 78�9, 111, 115�20, 192�3
stochastic volatility models 56

diag() 65, 221�2, 235
diff() 7�9, 23�4, 50, 59, 94, 147�8, 219, 233,

234
dim() 218
discounted cash flows, bonds 112�15, 125�9
discrete distributions 208, 236�7
see also Bernoulli . . . ; binomial . . .

Disney 24, 26, 27�8
distribution-free risk measures 73�5, 90�1
see also risk measures

distributions 168�70, 197�216, 222�4,
235�7

see also Bernoulli . . . ; binomial . . . ;
Cauchy . . . ; chi-squared . . . ;
cumulative . . . ; exponential . . . ;
Fréchet . . . ; Gamma . . . ; Gumbel . . . ;
joint . . . ; normal . . . ; Pareto . . . ;
Student-t . . . ; Weibull . . .

EVT 168�70
Matlab concepts 235�7
R concepts 222�4

distributions of financial returns,
measurement difficulties 73�5

diversification 81�4
dividend yields 5�6
DJIA see Dow Jones Industrial Average
dnorm() 87, 104, 118�19, 128�9, 131�2,

222�3
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Dow Jones Industrial Average (DJIA) 2,
185�6, 191�2, 195

duration 111�20
see also yield curves

duration-normal VaR, bonds 112�15
dynamic replication strategies 192�6
dynamic trading strategies, endogenous risk

191�6

the Economist 190
efficient estimators, definition 250
EGARCH
see also GARCH . . .
definition 51�2

eigenvalues 222, 235
eigenvectors 222, 235
electricity prices 84
elseif statements, Matlab concepts 240�1
empirical identification of stylized facts of

financial returns 9�29
encapsulated postscript files 229�30
endogenous risk 165, 183�96
Basel Accords 183
definition 165, 183�4, 195
delta hedging strategies 192�6
dynamic trading strategies 191�6
financial crises 185�8, 191�6
gambling analogies 185, 196
global financial crisis from 2007 185�8, 191,
195�6

implications for risk management 184�8
the Millennium Bridge 184, 195�6
stock market crash of 1987 191�6
VaR 190

Engle LM test see Lagrange multiplier test
ergodicity 3
see also returns

ERM crisis 164
ES see expected shortfall
estimation window 31�56, 106�8, 144�66
European options 54, 115�16, 125, 129�42
Evir R library 182
EVT see extreme value theory
EWMA 32�5, 43, 45�6, 56, 59�62, 65�7,

70�1, 93, 106�8, 146�7, 148�53,
158�62

see also RiskMetrics
applications 34�5, 59�62, 65�7, 93, 106�8,
146�7, 148�53, 158�62

backtesting 146�7, 148�53, 158�62
Basel Accords 33
critique 34�5, 56, 60�2, 67, 70, 150�3
decay factors 31�56

definition 32�3, 59�60
derivation 33�4, 59�60
GARCH comparisons 34�5, 43, 150�3
LR 45�6
Matlab 60, 67, 107�8, 148�53
multivariate volatility models 59�62, 65�7,
70�1, 107�8

R 60, 67, 107�8, 148�53
unconditional volatility 35, 43, 60�2
VaR 107�8, 146�7, 148�53, 158�62

exceedance correlations, nonlinear
dependence 23�4

excess kurtosis 16, 36�7, 170�1
see also kurtosis . . .

excess returns
see also returns
definition 4�5

exogenous risk 183, 188�9, 195
exotic options 139�40
exp() 117�19, 131, 134, 137�9
expected returns, concepts 104�5
expected shortfall (ES) 73, 85�90, 93�110,

143, 160�2, 166
see also coherent risk measures; risk
measures

application 93�110, 143, 160�2, 166
backtesting difficulties 89, 91, 143, 160�2
critique 88�9
definition 85�9
HS 97�8, 160�2
Matlab 87�8, 97�8, 104, 161�2
normality issues 103�4 R 87�8, 97�8, 104,
161�2

expected values 201�3, 206�10
see also sample means

exponential distributions 32�5, 223, 236�7
see also EWMA

extremal index 168, 179�82
extreme value theory (EVT) 16�21, 37,

167�82, 236�7
see also fat tails
application 172�82
asset returns 170�1
convolution 176�82
critique 168
definition 167�70, 181�2
distributions 168�70
extremal index 168, 179�82
implementation approaches 172�6
libraries 182
Matlab 182
POT 172�82
R 182
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reading recommendations 167
risk analysis 173�82
S&P 500 sample returns from 1970 to 2009
175�81

threshold considerations 174�5
time dependence 179�82
types of tails 168�9

extreme values 16�21, 37, 163�6, 167�82,
236�7

eye() 235
eyeball method, EVT thresholds 174�5

fat tails 1, 9�29, 36�8, 48�51, 83�9, 102�3,
150�3, 167�82, 204�5, 215

see also extreme value . . . ; kurtosis . . . ;
Pareto distributions; Student-t
distributions; stylized facts of financial
returns

ARCH 36�8, 180�1
definition 9, 14, 16�21, 167�9, 170�1
graphical detection methods 16, 17�21,
48�51, 150�3

implications in finance 20�1, 167�82
low volatility levels 11
nonnormality issues 14�16
QQ plots graphical detection method
17�18, 48�51

sequential moments graphical detection
method 18�21

statistical tests 16�21, 170�1
super-fat tails 83�4
tail index measures 18�21, 37�8, 167�82

feedback effects 165, 184�96
fExtremes R library 182
finance.yahoo.com 1, 7, 219, 233
financial crisis from 2007 5, 10�11, 20�1, 28,

98, 152�3, 164, 168, 185�8, 191, 195�6
financial innovations 190�6
financial markets 1�29, 183�96
endogenous risk 165, 183�96
stylized facts of financial returns 9�29

financial time series 1�29, 94, 197�216
Financial Times 20
find() 131, 158, 162
first centered moment of a distribution
see also means
definition 16, 203�4

fit.st() 102�3
fminunc() 242
for loops 60, 106�8, 127�9, 148�53, 156�8,

161�2, 226�8, 239�42
foreign exchange risks, concepts 79, 84, 142,

164

fourth centered moment of a distribution see
kurtosis . . .

Frank copula 236

Fréchet distributions 169�71, 172�3
‘‘frozen’’ portfolios, backtesting 146

FTSE 2, 21

FTSTool 8, 233

function() 118�19, 155�7
functions 225�7, 238�42
see also arguments; M-files

futures 80�1, 131�2

gambling analogies, endogenous risk 185,
196

gamma 111, 116�20
see also delta

Gamma distributions 223

Gamma function 206

GARCH family of models 32, 34�56, 62�3,
93, 108�10, 146, 148�53, 158�9, 167�8,
171, 174, 180�1, 245

see also conditional volatility; variance;
volatility models

APARCH models 44, 46, 52�4, 56
application 46�51, 93, 108�10, 146,
148�53, 158�9, 167�8, 174, 180�1

backtesting 146, 148�53, 158�9
BEKK 69�71
CCC 63�5, 70�1
critique 34�5, 55�6, 150�3
DCC 63�7, 70�1
definitions 35�6, 38�41
EGARCH 51�2
EVT 167�8, 171, 174, 180�1
EWMA comparisons 34�5, 43, 65�7,
150�3

extensions 51�4, 67�71
GJR-GARCH 51�2, 53�4
graphical analysis 48�51
likelihood functions 42�4, 46�51, 52�3, 56,
69�71

LR 44�51, 52�4
Matlab 48�51, 53�4, 65, 108�10, 148�53
‘‘memory’’ measures 39�41
MLE 41�4, 56, 69�71
multiperiod volatility 39�40
multivariate volatility models 44, 62�3,
65�71

MVGARCH 67�71
normal GARCH 40�1, 56
OGARCH 62�3, 65�7, 70�1
parameter restrictions 38�9, 43�4
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power GARCH models 52 R 48�51, 53�4,
65, 108�10, 148�53

skew t-GARCH model 41, 42�4, 46�51,
52�3

stochastic volatility model comparisons
55�6

t-GARCH model 40�1, 46�51, 109, 152
unconditional volatility 38�9, 43, 152�3
VaR 108�10, 146, 148�53, 158�9, 167, 174

garchfit()
Matlab concepts 48�51, 53�4, 65, 109,
150�3

R concepts 48�51, 53�4, 65, 109, 149�50
garchset() 50�1, 109, 148�53
Gaussian copula 25�9
Gaussian white noise 210, 215
see also white noise

GDP 6
generalized extreme values (GEVs) 169�70,

172�4, 236�7
generalized method of moments 245
generalized Pareto distribution (GPD), POT

concepts 172�4
GEO fund 20
geometric Brownian motion, definition 129
get.hist.quote(), R concepts 7�8, 23, 50, 59,

94, 147�8, 219
GEVs see generalized extreme values
GJR-GARCH 51�2, 53�4
see also GARCH . . .

global financial crisis from 2007 5, 10�11,
20�1, 28, 98, 152�3, 164, 168, 185�8,
191, 195�6

causes 185�8, 191, 195�6
CDOs 185�6
margins 168, 186�7
NINJA borrowers 186
subprime mortgage markets 185�8

Global Financial Data 5, 7
gogarch() 63
Goldman Sachs (GS) 20, 22�3
goodness-of-fit measures 45�51
GPD see generalized Pareto distribution
graphical detection methods for fat tails 16,

17�21, 48�51, 150�3
see also QQ plots; sequential moments . . .

graphics
GARCH family of models 48�51, 150�3
Matlab concepts 243
R concepts 229�30

Great Depression in the 1930s 5�6, 7,
10�11, 185

the ‘‘Greeks’’ 78�9, 111, 115�20, 192�3
see also delta; gamma

Greenspan, Alan 20
Gumbel distributions 169�70, 172�3, 236

haircut 186�8
half-life of a shock, definition 39�40
Handle Graphics Matlab system 243
hazard rates 250
hedge funds 186, 191�2
help() 217, 238�9
Hessian matrix 228�9, 242�3, 247, 249
see also information matrix

heteroskedasticity 237�8
high peaks 6�9, 204�5, 214�15
see also kurtosis . . .

higher moments 201, 203�5, 220
hill climbing, MLE 248�9
Hill estimator method, POT concepts 172,

173�82
hist() 128�9, 131�2
histfit() 129, 132
histograms 14�15, 229�30, 235�7, 243
historical simulations (HS) 11�12, 73, 93�8,

109�10, 142, 146, 149�53, 158�62, 167,
174, 181, 210�12

see also nonparametric estimation methods;
simulations

backtesting 146, 149�53, 158�62
definition 93, 95�8
Matlab 95�7, 149�53
multivariate HS 96�7 R 95�7, 149�53
univariate HS 95�6
window sizes 97�8, 146, 149�53

hist_stock_data(), Matlab concepts 23, 50,
59, 94�5, 148, 233

‘‘hit sequence’’, VaR violations 153�60, 208
holding periods, VaR 76�85, 89�91, 146,

178�9
HS see historical simulations

IBM 24, 26, 27�8, 57�81, 93�110
if . . . else . . . statements 227�8, 240�1
IID 1�29, 35�41, 45�6, 90, 105, 106�10,

116�20, 124, 133, 169�70, 179�80,
200�1, 208�13, 216, 242�3, 245�53

implied volatility models 32, 54�6
in-the-money options 116�20
independence test, backtesting 153, 155�60
ind_test() 156�7
inflation 5
information matrix 228�9, 242�3, 249
see also Hessian matrix
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insurance 82, 186�8
integrate() 104
interest rate risks, concepts 79, 142
interest rates 79, 111�20, 125�9, 133�42,

185�6, 191�2
Internet bubble 5, 29
invariance property, MLE 250
inverse normal distributions, concepts 25,

123�4
investment banks 20, 22�4, 186
Ito’s lemma, concepts 112�13

Jarque�Bera distribution test (JB) 6�9,
16�17, 47�51, 214�15, 223�4, 237

see also p-value . . .
jbtest() 237
joint density 26�9, 42�4, 159, 200, 245�6
see also multivariate normal distributions

joint distributions 25�9, 200, 209�10, 245�6
see also copulas

J.P. Morgan 33, 34�5
see also RiskMetrics

JPL Matlab toolbox 9, 231
jumps 73�4

Keynes, John Maynard 183
Kolmogorov�Smirnov distribution test (KS)

16�17, 74, 214�15, 237
KS see Kolmogorov�Smirnov distribution

test (KS)
kstest() 17, 237
ks.test() 17
kurtosis 6�9, 16�21, 36�8, 170�82, 204�5,

214�15, 220, 225�6, 234, 238�9
see also fat tails
definition 16, 170�1, 204�5
estimation formula 170�1, 205
excess kurtosis 16, 36�7, 170�1
Matlab concepts 9, 238�9
R concepts 8�9, 220, 225�7
S&P 500 summary return statistics from
1928 to 2009 6�9

Lagrange multiplier test (LM) 12, 13�14,
35�6, 216, 251, 252�3

see also ARCH; volatility clusters
lags, volatility models 31�56
lambda 60, 148�53
latent variables 31�56, 75
LB see Ljung�Box test
LCGs see linear congruental generators
legend() 67
Lehmans 21, 152

LeSage, James P. (JPL) 231

leverage effect, concepts 51�2, 56, 186�96
leverage ratios, concepts 188�96
library(), R concepts 7�9, 13�14, 17, 48�51,

59, 63, 94, 102�3, 109, 137, 147�8, 217,
220, 223�4

likelihood functions 37�8, 41�4, 46�51, 64,
69�71, 153�60, 223, 228�9, 242�3,
245�53

see also maximum . . . ; optimizers

APARCH models 52�3
ARCH 42�4, 46�51
definition 245�7
estimation issues 43�4
GARCH 42�4, 46�51, 52�3, 56, 69�71
Matlab concepts 242�3
R concepts 228�9
stochastic volatility models 56

likelihood ratio tests (LR) 44�6, 52�3,
154�60, 250�2

linear algebra computations, Matlab
concepts 234�5

linear congruental generators (LCGs) 122�3,
140

see also random number generators

linear dependence

see also correlation . . .
concepts 9, 21�2, 203

linear regression methods 41

see also ordinary least squares

linear relationships, definition 203

linspace() 232�3
liquidity issues, portfolios 78�9
list() 117�19
Ljung�Box test (LB) 6�9, 13�14, 47�51,

216, 224�5, 238
see also autocorrelation; p-value . . .

LM see Lagrange multiplier test

load() 232�3
log-likelihood function 42�4, 46�51, 56, 64,

172�3, 228�9, 236, 242�3, 246�9,
250�1

log-normal distributions 130�2, 133�42, 173,
222�3, 236�7

logarithm of the likelihood function 246

logarithmic returns see continuously
compounded returns

logspace() 232�3
loops and repeats

inefficiencies 241

Matlab concepts 60, 106�8, 127�9, 148�53,
156�8, 161�2, 239�42
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R concepts 60, 106�8, 127�9, 148�53,
156�8, 161�2, 226�8

loss-function-based backtests 159�60
low peaks 204�5
see also kurtosis . . .

LR see likelihood ratio tests
LTCM 164

M-files, Matlab concepts 238�42
manipulation issues, VaR 80, 84�5
marginal distributions, definition 26�8,

200�1
margins, global financial crisis from 2007

168, 186�7
market efficiencies 13�14
market risks 105, 146�7, 165
marking-to-market valuations 190�1
MAs see moving average models
MASS R library 137
Matlab 1, 7�29, 31, 46�56, 58�71, 87�8,

95�8, 104, 106�8, 112, 117�19, 125�6,
127�32, 135�6, 139�40, 148�53, 156�8,
161�2, 197, 214, 231�43, 247, 248

APARCH models 53�4
ARCH 48�51
ARMA 238
autocorrelation 9, 13�14, 237�8
backtesting 148�53
basic operations 7�9, 233
basic programming 238�42
Bernoulli coverage test 155, 158
Black�Scholes options pricing model
117�19, 129�32, 135�6, 139�40

bond prices 112, 125�6
CCC 65
DCC 65, 67
definition 231
delta 117�19
distributions 235�7
econometrics 231
ES 87�8, 97�8, 104, 161�2
EVT 182
EWMA 60, 67, 107�8, 148�53
financial time series 7�9, 197
gamma 117�19
GARCH family of models 48�51, 53�4, 65,
108�10, 148�53

graphics 243
Hill estimator method 175�6
HS 95�7, 149�53
independence coverage test 156�8
information sources 231

inputting data 7�9, 23, 48�51, 58�9, 94�5,
147�8, 231�3

introductory background 231�43
kurtosis (peakedness of a distribution) 9,
238�9

likelihood functions 242�3
linear algebra computations 234�5
loops and repeats 60, 106�8, 127�9,
148�53, 156�8, 161�2, 239�42

JPL toolbox 9, 231
M-files 238�42
MAs 106�8, 149�53
matrix computations 60�2, 234�5
MFE toolbox 9, 43, 53, 152, 231
MLE 242�3
Monte Carlo simulations 130�2, 133�9
multivariate volatility models 58�71, 108
normality testing 237
OGARCH 62�3, 67
optimizers 247, 248
p-value test statistic 214
reading recommendations 231
RNGs 123�4
S&P 500 index 7�9, 46�56, 233
simple operations 7�9, 233�5
Student-t VaR 102�3
time series 7�9, 237�8
toolboxes Matlab 8�9, 17, 48�51, 53�4,
62�3, 152�3, 231�43

univariate volatility models 46�56, 107�8
UCSD GARCH Matlab toolbox 53�4,
62�3, 231, 237�8

VaR 87�8, 101�3, 106�8, 133�9, 147�53
yield curves 126�9

matplot() 67, 127�9
matrix(), R concepts 97, 127�9, 137�9,

161�2, 218�19, 220�3
matrix algebra, Matlab concepts 234�5
matrix computations 60�2, 218�19, 220�2,

234�5
max() 6�9, 131�2
MaxFunEvals 248
maximum domain of attraction (MDA)

170�3
maximum likelihood (ML)
see also ML estimation; nonlinear models;
Student-t distributions

concepts 41�4, 56, 64, 69�71, 153�60, 223,
228�9, 242�3, 245�53

definition 245�6
MaxIter 248
MBSs see mortgage-backed securities
mean squared error (MSE) 174�5
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mean-variance analysis, concepts 73�5
mean 6�9, 13�14, 32, 35�41, 58�71, 73�6,

93�110, 128�9, 131�2, 161�2, 175�6,
199�201, 204�10, 213, 220, 226, 234,
236�7, 238�9, 242�3, 245�53

ARCH-M model 41
risk models 73�6, 213
S&P 500 summary return statistics from
1928 to 2009 6�9, 13�14

median 234
‘‘memory’’ measures, GARCH family of

models 39�41
Mersenne twister 123�4
Mexican peso devaluation in December 1994

163�4
MFE Matlab toolbox 9, 43, 53, 152-3, 231
Microsoft 22�3, 58�71, 93�110
the Millennium Bridge 184, 195�6
min, S&P 500 summary return statistics

from 1928 to 2009 6�9
ML see maximum likelihood
ML estimation (MLE) 41�3, 56, 64, 69�71,

102�3, 228�9, 242�3, 245�53
definition 228�9, 245�6
GARCH 41�4, 56, 69�71
Hessian matrix 228�9, 242�3, 247, 249
hill climbing 248�9
issues 248�9
Matlab concepts 242�3
properties 250
R concepts 228�9
volatility models 41�4

mle() 102�3
MLE
see also ML estimation

modified duration 111�20
money markets 129�42
monotonic transformations 203
monotonicity axiom of coherent risk

measures 81�2, 203, 246
Monte Carlo simulations 110, 111, 115, 120,

121�42, 164
bonds’ pricing methods 121, 124�9, 142
critique 121
definition 121
issues to be addressed 140�2
Matlab 130�2, 133�9
number of simulations 140�2
options’ pricing methods 121, 124�5,
129�42

portfolio VaR 137�42, 164
R 130�2, 133�9
RNG quality issues 140�2

uses 121�2, 124�42
VaR 110, 111, 115, 120, 121, 132�42

Morgan Stanley (MS) 22�3
mortgage-backed securities (MBSs) 185�6
moving average models (MAs) 32�5, 38, 93,

106�8, 149�53, 158�9, 180, 210�12,
224�5, 238

see also EWMA; stationarity
critique 33, 149�53
definition 32�3, 210�11
Matlab 106�8, 149�53
R 106�8, 149�53
VaR 106�8, 149�53, 158�9

MSE see mean squared error
mth centered moment of a distribution,

definition 18�21, 203�4
multigarch() 53�4
multiperiod volatility, GARCH family of

models 39�40
multivariate HS 96�7
multivariate normal distributions 9�29,

101�2, 199�200, 203, 223, 236�7
see also nonlinear dependence

multivariate volatility models 1, 9�29, 31,
56, 57�71, 93, 100�1, 107�10, 137�42,
199�200, 203, 223, 236�7, 248

see also BEKK; CCC; DCC; EWMA;
GARCH . . . ; MVGARCH; OGARCH;
volatility models

application 58�71, 107�10
complexities 57�8
definition 31, 57�8
estimation comparisons 65�7
extensions of GARCH 67�71
GARCH family of models 44, 62�3, 65�71,
93

Matlab 58�71, 108
nonlinear dependence 25
positive semi-definiteness 58�71
R 58�71, 108

mutual funds 2
MVGARCH 67�71
see also BEKK; GARCH . . .

mvrnorm() 137�9

NaN (not a number) 43�4, 51, 61, 69, 129,
148�53, 161�2

nargin/nargout 239
New York Stock Exchange (NYSE) 1�29
Newton�Raphson method
see also Taylor expansion
definition 247

Nikkei 225 index 2
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NINJA borrowers 186
NLD see nonlinear dependence
nlm() 228�9
nonlinear dependence (NLD) 1, 9, 21�9,

95�8
see also correlation . . . ; multivariate . . . ;
stylized facts of financial returns

copulas 25�9
crisis periods 21�4, 29
definition 9, 21�8
exceedance correlations 23�4
models 25�9
multivariate volatility models 25
sample evidence 21, 22�3

nonlinear models 245�53
see also maximum likelihood

nonnormality issues 14�29, 31�56
see also fat tails

nonparametric estimation methods 93�8,
109�10, 149�53

see also historical simulations
nonuniform RNGs 123�4
normal distributions 1�29, 42�4, 46�51, 56,

64, 73�6, 79, 87�91, 93, 98�9, 101�2,
103�4, 171, 172�3, 176, 198�216,
222�4, 228�9, 236�7, 242�3, 246�53

see also multivariate . . . ; standard . . .
assumptions 1, 16�29, 75�6, 79, 91, 93,
98�9, 101�2

definition 16�21, 25, 198�9
normal GARCH 40�4, 56
see also GARCH . . .

normal likelihood functions 228�9, 246�7
normality testing 6�9, 14�15, 16�21, 47�51,

74�5, 79, 214�15, 223�4, 237
see also fat tails; Jarque�Bera . . . ;
Kolmogorov�Smirnov . . .

critique 20
definition 214�15, 223�4, 237
Matlab concepts 237
R concepts 223�4
S&P 500 summary return statistics from
1928 to 2009 6�9

normcdf() 118�19, 124
norminv() 87, 101�2, 104, 106�9, 161�2
normpdf() 87, 104, 118�19, 161�2
numerical methods 121�42
see also Monte Carlo simulations

NYSE see New York Stock Exchange

objects, R concepts 7�9, 217�30
OGARCH 62�3, 65�7, 70�1
see also GARCH . . .

critique 70�1
definition 62�3
Matlab 62�3, 67
R 62�3, 67

oil price returns 19

operational risk, capital requirements 146�7
optimizers 43�4, 228�9, 247�8
see also likelihood functions

options 5, 12, 20�1, 54, 73, 80�1, 84�5, 110,
111�20, 121, 124�5, 129�42, 192�6

see also American . . . ; call . . . ; derivatives;
European . . . ; put . . .

Black�Scholes options pricing model 5,
20�1, 54, 115�20, 125, 129�42, 192�4

definition 115�16, 192�3
delta 111, 116�20, 192�6
delta-normal VaR 119�20
density plots 131�2
exotic options 139�40
gamma 111, 116�20
the ‘‘Greeks’’ 78�9, 111, 115�20, 192�3
Monte Carlo simulations 121, 124�5,
129�42

portfolio VaR 139�42
types 115

VaR 111, 119�20, 133�42
ordinary least squares 41, 245

out-of-sample forecast comparisons,
volatility models 44�6

out-of-the-money options 116�20
outstanding shares, value-weighted indices

2�9
Ox language 69

Oxford MFE toolbox 9, 152�3, 231

p-value test statistic 6�9, 13�14, 153�60,
212�14, 224�5, 237

see also Jarque�Bera . . . ; Ljung�Box . . .
pacf() 224�5
packages, R concepts 217, 223

parameters 37�9, 43�4, 57�71, 245�53
ARCH restrictions 37�8, 43�4
GARCH restrictions 38�9, 43�4
ML 43�4, 245�53

parametric estimation methods 93�4,
98�110, 172�4

see also variance�covariance method

Pareto distributions 169�70, 171, 172�4,
223, 236�7

PCA see principal components analysis

pchisq() 158, 214

PDFs see probability density functions
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peaks over threshold approach (POT) to
EVT, concepts 172�82

Pearson’s correlation coefficient

see also correlation coefficient

definition 203

pie charts 243

plot() 7�9, 13�14, 50�1, 67, 123�4, 217,
219, 224, 229�30, 231, 233, 237�8, 243

pnorm() 117�19, 123�4, 222�3
points, stock market indices 1�9
Poisson distributions 223, 236�7, 250�1
poker 185

portfolio VaR, Monte Carlo simulations
137�42, 164

portfolios 1, 12�29, 41, 57�71, 73�91,
93�110, 121�42, 192�6

see also expected shortfall; multivariate
volatility models; Value at Risk

backtesting 143�66
bonds 42, 115, 124�9, 164�5
conditional means 41

dynamic replication strategies 192�6
liquidity issues 78�9
options 139�42

positive feedback loops 184�96
positive homogeneity axiom of coherent risk

measures, concepts 82

positive semi-definiteness, multivariate
volatility models 58�71

postscript files 229�30
POT see peaks over threshold approach . . .
power GARCH models, definition 52

power of the test

see also type-1/2

errors definition 214

predictability 12�14, 210�16
see also autocorrelation; time series

price-weighted indices 2�9
prices 1�29, 98, 152�3, 164, 168, 183�96
see also returns; stock market indices

definitions 2�9
dual roles 190�6
endogenous risk 183�96
exogenous risk 188�9, 195
financial crises 185�8, 191�6
global financial crisis from 2007 5, 10�11,
20�1, 28, 98, 152�3, 164, 168, 185�8,
195�6

marking-to-market valuations 190�1
statistical analysis techniques 1�29
stock market crash of 1987 7, 10�11, 14, 21,
164, 191�6

principal components analysis (PCA) 62�3,
71, 129

print 243
probabilities, VaR 33, 54�5, 73, 76�91, 208,

213
probability density functions (PDFs) 76�85,

86�91, 197�216, 222�3, 229�30, 235�7
probability integral transformation 25�9
see also copulas

profit and loss 73�91, 93�110, 133�42, 160
pseudo random number generators 121�4
put options 84�5, 115�20, 136�42, 192�6
definition 115, 192
VaR manipulations 84�5

QML see quasi-maximum likelihood
qnorm() 87, 101�2, 104, 107�8, 149�50,

161�2, 222�3
QQ plots 17�21, 48�51, 215, 223�4, 237
see also quantiles

QRMlib 102�3
qt() 102�3
quad() 104
quadratic approximations, concepts 247
quantile function, definition 198
quantiles 17�21, 28�9, 76�7, 80�5, 93�110,

142, 173�4, 198�201, 215, 222�3, 234,
236

see also QQ plots; Value at Risk
quantitative trading 31
quasi-maximum likelihood (QML), definition

41

R 1, 7�29, 31, 46�56, 58�71, 87�8, 97�8,
104, 117�19, 129�32, 135�6, 139�40,
155, 158, 161�2, 214, 217�30, 247

ACF 224�5
APARCH models 53�4
ARCH 48�51
ARMA 224�5
autocorrelation 8�9, 13�14, 224�5
backtesting 147�53
Bernoulli coverage test 155, 158
Black�Scholes options pricing model
117�19, 129�32, 135�6, 139�40

bond prices 112, 125�6
CCC 65
comments 217�18
data manipulation functions 7�9, 219�20
DCC 65, 67
definition 217
delta 117�19
distributions 222�4
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ES 87�8, 97�8, 104, 161�2
EVT 182
EWMA 60, 67, 107�8, 148�53
financial time series 7�9, 197
gamma 117�19
GARCH family of models 48�51, 53�4, 65,
108�10, 148�53

graphics 229�30
higher moments 220
Hill estimator method 175�6
HS 95�7, 149�53
independence coverage test 156�8
information sources 217
inputting data 7�9, 23, 48�51, 58�9, 94�5,
147�8, 217�19

introductory background 217�30
kurtosis 8�9, 225�7
libraries 217
likelihood functions 228�9
loops and repeats 60, 106�8, 127�9,
148�53, 156�8, 161�2, 226�8

MAs 106�8, 149�53
matrix computations 60�2, 218�19, 220�2
MLE 228�9
Monte Carlo simulations 130�2, 133�9
multivariate volatility models 58�71, 108

normality testing 223�4
OGARCH 62�3, 67
operations 7�9, 219�22
optimizers 228�9, 247
p-value test statistic 214
packages 217, 223
reading recommendations 217
RNGs 123�4
S&P 500 index 7�9, 46�56
simple operations 7�9, 219�22
Student-t VaR 102�3
time series 7�9, 224�5
univariate volatility models 46�56, 107�8
VaR 87�8, 101�3, 106�8, 133�9, 147�53
writing functions 225�7
yield curves 126�9

rand() 124
randn() 124, 127�9, 131�2, 134, 238�40,

242�3
random number generators (RNGs) 121�4,

140�2
see also Monte Carlo simulations
definition 122�3
issues to be addressed 140�2
linear congruental generators 122�3
Matlab 123�4

nonuniform
RNGs 123�4
R 123�4

random numbers 121�42, 222�3, 226�7, 236
see also Monte Carlo simulations
definition 121�2

random shocks 35�41, 55�6, 57�71, 163�6,
167�82

random variables (RVs) 25�9, 197�201,
245�53

random walks 129�42, 212�13
rbind() 221�2
realized volatility models 32, 54, 55�6
regular variation, definition 170�1
repmat() 127�9, 138�9
reshape() 63, 65
residuals 31�56
return() 118�19, 155�8
returns 1�29, 57�71, 73�91, 99�110,

132�42, 143�66, 170�1, 202, 219,
245�53

see also continuously compounded . . . ;
ergodicity; excess . . . ; prices; S&P . . . ;
simple . . . ; stationarity

definitions 2�5
EVT 170�1
expected returns 104�5
leverage effect 51�2, 56
statistical analysis techniques 1�29
stylized facts of financial returns 9�29, 45
types 2�5

risk
see also credit . . . ; endogenous . . . ; foreign
exchange . . . ; interest rate . . . ; market . . .

attitudes 73�5
aversion 24, 73�5
default risks 28, 185�7
definitions 73�5
endogenous risk 183-196
exogenous risk 183, 195
neutrality concepts 125
profiles 76
transformation concepts 111�20, 121�42
types 79, 146�7, 183�96

risk management 12, 20�1, 57, 78�9, 89�90,
143, 163�6, 167�82, 184�96

see also extreme value theory; stress testing
decision making 75, 196
endogenous risk 184�96
fat tail implications 20�1, 167�82
holding periods 89�90, 146, 178�9
scaling laws 89�90
VaR 78�9
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risk measurement, definition 75

risk measures 6�7, 9�14, 73�91, 93�110,
111�20, 121�42, 143�66, 213

see also expected shortfall; Value at Risk;
volatility

backtesting 38, 44, 76, 89, 91, 93, 98,
143�66, 208

CLT 213

coherent risk measures 80, 81�4
critique 11, 73�5, 90�1, 149�53
decision making 75, 196

definitions 73�5
difficulties 73�5, 78, 90�1
EVT 173�82
implementation 93�110, 111�20, 121�42,
143�66

nonparametric estimation methods 93�8,
109�10, 149�53

parametric estimation methods 93�4,
98�110, 172�4

quality of forecasts 143�66
scenario analysis 165�6
stress testing 143, 163�6
types 73�91, 149�53
underestimates 20�1, 76, 143�66

risk models 6�7, 9�14, 20, 29, 31, 33,
73�91, 143�66, 184�96, 213

definition 20, 75

means 73�6, 213
quality of forecasts 143�66
stress testing 143, 163�6

risk-free rates 4�5, 13�14, 115�20, 129�42
RiskMetrics 32, 33�4
see also EWMA

RNGs see random number generators

rnorm() 124, 127�9, 131, 134, 222�3, 226�9
roulette view of uncertainty 185, 196

rt() 124

runif() 124

RVs see random variables

S&P 500 index 1�29, 31�56, 93�110,
147�53, 157�9, 175�81, 195, 233

log scale from 1791 to 2009 5�6
nonnormality issues 14�15
sample returns from 1970 to 2009 175�81
sample returns from 1994 to 2009 147�53,
157�9

summary return statistics from 1928 to 2009
6�9, 10�11, 12�14

sacf() 9, 14, 237�8

sample means
see also expected values
definition 202

scaling laws
see also central limit theorem
definition 89�90

scan() 219
scatterplots 25�8, 243
scenario analysis 163�6
see also stress testing

sd() 101�2, 106�8, 128�9, 131�2, 149�50
second centered moment of a distribution
see also variance
definition 16, 204

securitization 185�6
seeds, concepts 123�42
sensitivities 78�9, 111, 115�20, 192�6
see also ‘‘Greeks’’

seq() 123�4, 128�9, 131�2, 218�19, 222
sequential moments graphical detection

method, fat tails 18�21
set.seed() 124, 127�9, 131, 134, 137
shape parameter, definition 169
Sheppard, Kevin 231
shocks 35�41, 55�6, 57�71, 163�6, 167�82
see also scenario analysis

significance levels see quantile . . .
significance testing 212�16, 250�3
see also statistical hypothesis testing

simple returns 3�9, 99�100
see also returns

simulations 11�12, 73, 93�8, 121�42, 164�5,
194�5, 210�12

see also Monte Carlo simulations
dynamic trading strategies 194�5
stress testing 164�5
volatility clusters 11�12

size() 232�3
skew t-GARCH model 41, 42�4, 46�51,

52�3
see also GARCH . . .

skewness 1�29, 41, 51�2, 168�9, 204�5,
214�15, 220, 230, 234

see also fat tails
definition 16, 204�5
estimation formula 205
S&P 500 summary return statistics from
1928 to 2009 6�9

skew t-GARCH model 41, 42�4, 46�51,
52�3

Sklar’s theorem 27
solve() 221�2
sort() 95�7, 134�9, 149�50, 161�2, 175�6
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source() 118�19, 226
spacf() 237�8
SPlus 217
see also R

sqrt() 60, 63, 65, 101�2, 107�9, 117�19,
134�6, 149�50, 161�2

square-root-of-time scaling 90, 178�9
squared returns 6�7, 12�14, 46�52, 60, 63,

65, 101�2, 107�9, 117�19, 134�6,
149�50, 161�2

see also volatility S&P 500
summary return statistics from 1928 to 2009
6�7, 12�14

uses 13�14, 46�52
stagflation of the 1970s 5�6
standard deviation 6�11, 101�2, 106�8,

115�20, 126, 128�9, 131�2, 147,
149�50, 199�205, 220, 234, 236�7,
238�9, 245�53

see also volatility
definition 9�11, 202
S&P 500 summary return statistics from
1928 to 2009 6�9, 10�11

standard error 11, 32�5, 56, 202, 220, 234,
237�8

standard normal distributions
see also normal distributions
definition 199�200

stationarity 3, 37�8, 209�10
see also moving average models; returns;
white noise

statistical analysis techniques, prices and
returns 1�29

statistical hypothesis testing 16�21, 46�51,
153�60, 212�16, 223�4, 237, 250�3

see also Lagrange multiplier . . . ; likelihood
ratio . . . ; normality . . . ; p-value . . . ;
QQ plots; significance . . . ; type-1/2 errors;
Wald . . .

statistical tests for fat tails 16�21, 170�1
std() 106�8, 150
stochastic volatility models (SV) 32, 54,

55�6, 181�2, 185
stock market crash of 1987 7, 10�11, 14, 21,

164, 191�6
stock market indices 1�29, 31�56
see also Dow Jones . . . ; FTSE; Nikkei . . . ;
price-weighted . . . ; S&P . . . ; value-
weighted . . .

types 2
stress testing 143, 163�6, 167�8
see also extreme value . . . ; risk
management; scenario analysis

strike prices, options 115�20, 136�42
structured credit products 25
Student-t distributions 1�29, 35�6, 40�4,

46�51, 52�3, 73�5, 93, 98, 102�3, 152,
168�71, 206�7, 212, 222�4, 236�7

see also fat tails; maximum likelihood
copulas 26�8
definition 206�7
exceedance correlations 24
Matlab 102�3
R 102�3
t-GARCH model 40�1, 46�51
VaR 102�3

stylized facts of financial returns 9�29, 45
see also fat tails; nonlinear dependence;
volatility clusters

subadditivity axiom of coherent risk
measures 81�91

definition 81�3
volatility 82�3

subprime CDOs 25, 185�6
subprime mortgage markets 185�8
see also global financial crisis from 2007

sum() 125�6, 128�9, 155�8
super-fat tails 83�4
supply/demand functions, banks 190
swaps 164, 167
switch case loops, Matlab concepts 241�2
systemic risk 183�96
see also risk

t-GARCH model 40�1, 46�51, 109, 152
see also GARCH . . . ; Student . . .

tail() 94�5
tail index measures 18�21, 37�8, 167�82
see also extreme value theory

tail VaR see expected shortfall
tarch() 152
Taylor expansion 171, 247
see also Newton�Raphson method

testing window
concepts 143�66
definition 144

third centered moment of a distribution see
skewness . . .

threshold values 168�82
time aggregation 105, 176�82
time dependence, EVT 179�82
time series 1�29, 94�5, 147�53, 157�9,

197�216, 224�5, 237�8
basic concepts 208�10, 224�5
financial time series 7�9, 94, 197�216
Matlab concepts 7�9, 237�8
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R concepts 7�9, 224�5
reading recommendations 197
simple models 210�12

time series objects, definition 94
time to maturity 111�20
time-dependency 11�12, 106�10
tinv() 103
toolboxes, Matlab 8�9, 17, 48�51, 53�4,

62�3, 152�3, 231�43
TOPIX 2
trading time, definition 133
transaction costs 13�14
translation invariance axiom of coherent risk

measures 82
trnd() 124
tseries R library 7�8, 94�5, 219
type-1/2 errors, definition 154�5, 214

UCSD GARCH Matlab toolbox 53�4,
62�3, 231, 237�8

unconditional coverage test, backtesting
153�60

unconditional volatility 1, 11�29, 35, 36,
38�9, 43, 60�2, 152�3, 180�1

ARCH 36
definition 11, 35
EWMA model 35, 43, 60�2
GARCH family of models 38�9, 43, 152�3

underestimates, risk measures 20�1, 76,
143�66

underforecast risk, violation ratios 146�66
underlying assets 111, 115�20, 121�42,

192�6
see also options

unimodal likelihood function, concepts
248�9

univariate HS 95�6
univariate volatility models 1�29, 31�56,

57�8, 69, 94, 101�2, 107�10, 199
see also APARCH; ARCH; EWMA;
GARCH . . . ; implied . . . ; realized . . . ;
stochastic . . . ; volatility models

application 34�5, 46�53, 69, 107�10
definition 31
Matlab 46�56, 107�8
R 46�56, 107�8

urlread() 233
US 5�6, 185�8

Value-at-Risk (VaR) 33, 54�5, 73, 76�91,
93�110, 111�20, 121, 132�42, 143�66,
167, 173�82, 190, 208, 213

see also expected shortfall; risk measures

application 80�5, 93�110, 111�20, 132�42,
143�66, 173�82

backtesting 76, 89, 91, 98, 143�66
bonds 111�20
calculation steps 78, 91
CLT 213
coherent risk measures 80, 81�4
continuously compounded returns 100�1
convexity 114�15
critique 76, 78�9, 80�5, 88�9, 91, 152�3
definition 76�80, 99�100
delta-normal VaR 119�20
duration-normal VaR 112�15
endogenous risk 190
EVT 173�82
EWMA 107�8, 146�7, 148�53, 158�62
expected returns 104�5

GARCH family of models 108�10, 146,
148�53, 158�9, 167, 174

holding periods 76�85, 89�91, 146, 178�9
HS 93�8, 149�53, 158�62
implementation 93�110, 111�20, 121,
132�42, 143�66, 173�82

interpretation and analysis 78�9, 150�3
manipulation issues 80, 84�5
MAs 106�8, 149�53
Matlab 87�8, 101�3, 106�8, 133�9,
147�53

Monte Carlo simulations 110, 111, 115,
120, 121, 132�42

multivariate implementation framework
100�2

normality issues 79, 91, 93, 98�9, 101�2
options 111, 119�20, 133�42
paradox 80
popularity 76�7, 88�9, 91
portfolio VaR 137�42, 164
positive/negative numbers 77�8, 79�80
quantile limitations 80�1, 84�5
R 87�8, 101�3, 106�8, 133�9, 147�53
simple returns 99�100
square-root-of-time scaling 90, 178�9
stress testing 165�6
Student-t distributions 102�3
subadditivity axiom 83�91
time aggregation 105, 176�82
time-dependent volatility 106�10
univariate implementation framework
101�2

violations 143�66, 208
value-weighted indices 2�9, 32�3
var() 107�8, 148�53
VaR see Value at Risk
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variance 14�15, 16�21, 35, 57�71, 73�6,
93�110, 174�5, 199�210, 220, 224, 234,
242�3, 245�53

see also covariance; GARCH . . .
definition 102, 199, 202

properties 202�3
variance�covariance method (VCV) 93�110,

181�2
see also parametric estimation methods

vector() 128�9
vectors

Matlab concepts 7�9, 128�9, 232�3, 240
R concepts 128�9, 218�19

violation ratios (VRs) 145�66
violations

see also backtesting; Value at Risk

concepts 143�66, 208
definition 143, 145

VIX 2

volatility 1�29, 31�56, 73�4, 75�6, 90�1,
106�10, 111�20, 202, 216, 245�53

see also conditional . . . ; risk measures;
squared returns; standard deviations;
standard error; unconditional . . .

critique as a risk measure 11, 75�6, 91,
152�3

cycles 10�11
definition 9�11, 75�6, 202
high volatilities 5�6
interest rates 111�20
latent variables 31�56, 75
leverage effect 51�2, 56
predictability benefits 12

proxies 45�6
S&P 500 from 1791 to 2009 5�6
S&P 500 summary return statistics from
1928 to 2009 6�9, 10�11, 12�14

square-root-of-time scaling 90, 178�9
subadditivity aspects 82�3
underestimates of risk 76, 143�66

volatility clusters 1, 7�29, 31�56, 153,
155�60, 216

see also skewness . . . ; stylized facts of
financial returns

definition 9, 11�14
volatility models 31�56, 57�71, 73�4, 93,

106�10, 146�7, 148�53
see also ARCH; EWMA; GARCH . . . ;
implied . . . ; moving average . . . ;
multivariate . . . ; realized . . . ;
stochastic . . . ; univariate . . .

alternative models 54�6
application 34�5, 46�53, 58�71, 106�10,
146�7, 148�53

challenges 31
definition 31�2
diagnosis 44�56, 65�7
goodness-of-fit measures 45�51
lags 31�56
LR 44�51, 52�4
MLE 41�4, 155�60
out-of-sample forecast comparisons 44�6
practical multivariate models 57�71
simple volatility models 32�5
types 32�56, 57�71

volatility of volatility, concepts 38
VRs see violation ratios

Wald test 251, 253
Wall Street Journal 21
Weibull distributions 169�70, 172�3, 223
while loops 227�8, 240�2
white noise 210�12, 215
see also stationarity

who, Matlab concepts 231�3
Wiener process see Brownian motion
window sizes 97�8, 143�66
writing functions, R 225�7

yield curves 112�15, 125�9, 164
see also duration
shape changes 129, 164

Z test statistic 215�16
zero-coupon bonds 125�9
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