Contents

Preface

1 The Nature of Financial Data

B E inaaciil Time Sepieg o | 20ie g wwainigowsaid . Dda . .
Bl Nsosoreeldtionsic L . . B0QEsyIIOEEgT] o BLE L
0 Statiomanityioi s oat Ul sntrlinO, saiviiBoghl . 5080
1.1.3 Time Scales and Data Aggregation . . . . . . . . ...

B Pinancial Assetiand Markets . .0 O L L osoigsqond | |
1.2.1 Markets and Regulatory Agencies . ... .. ... ..
G s biterast . . o SJOPRLELNIARAY SOOI S End L
e o - ReturnaourAgsetgeanai i o0 ms, WEnayiigtll | S0, .
24 . Btock Prices: Fair Market:Value via ) 0500 apigiqeass) | |
1.2.5 Splits, Dividends, and Return of Capital . . . . . . . .
26  Indexesand “the Market® .o Joassfopnagill oo b, .
B Devrstioe Aegets i parianel e Mogstglgupdl . LbE,
e SO POSIIONE" . . s o v oo o B BHEASL L N,
1.2.9 Portfolios of Assets: Diversification and Hedging

S Frequency Distributions of Returns . . . v . . ... .. ...
i Location and ' Scale ] . Loyriast SO Bipgain) b,
S REewReesl oLl JaodaiuEpbandl Uiy igs, sel
RN Carbapin o LsLioal Rlodelzlr, Loast Syiases ., BaeNg,
IR AL ale BVRER. . . . e s s e i ks s e ea
S O e Norinal Distribhtion’ SNSRI PDDEE,

B e L e A n e ENUBIAEY ORI .
BRSO a0 ) Sl BRERIIR Y ODRIRIL DL, Fakeb,
8. [Oiher Btatistical Measures . "', 'V UL o)LL
L g e e E M e b b i R R

[ “The Pime Seriesof Returns' .. /' 070000 ol
1.4.2 Measuring Volatility: Historical and Implied . . . . . .
g “Volatility Indexes:;The VIX .. 000000 20 oL .
S The Curve of Implied Volatility ..". . .. . . . .L. .
1.4.5 Risk Assessment and Management . . . ... .. ...
S T S e e B e S e D S
Styvlized Facts about Financial Data, . . . . . ... ......
B e Hoading o U5 SN N M S
Exercises and Questions for Review . . .. ... ... .......

XV



R ——

xvi Contents

Appendix Al: Accessing and Analyzing Financial Datain R . .. 139
. I R e e ML 140
A1.2 Data Repositories and Inputting Data into R . . . . . 158
A1.3 Time Series and Financial Datain R . . . . ... . .. 172
Ald DataClesnsing . . . . . . . .+ . . oo et 183
Notes, Cominents, and Further Readingon R . . . . . .. .. 187
DORSPOORE B PIATR.' o i o A R e o b i b i N SR 191

2 Exploratory Financial Data Analysis 205

o I 0 T T Y S R R A s o o 207
2.1.1 Simple Summary Statistics . .............. 207
2.1.2 Centering and Standardizing Data . . . ... ... .. 208
2.1.3 Simple Summary Statistics for Multivariate Data . . . 208
2.1.4  Translorwoations. . . . . . suotieletmeind . 13, . 209
2.1.5 Identifying Outlying Observations . ... .. ... .. 210

2.2 The Empirical Cumulative Distribution Function . . . . . . . 211

2.3 Nonparametric Probability Density Estimation . . ... ... 217
231  Binnad Datdcon e vioselupadd bree drioladd o L840 217
2.8.2 Kefpel Density Estimator . , . . . Sl . 580 .. 219
2.3.3 Multivariate Kernel Density Estimator . . . . . . . . . 220

2.4 Graphical Methods in Exploratory Analysis . . .. ... ... 221
24l T Neras iR lobs 1o hus aboshielQ cedibas « 2840« 222
2 o haa e . . . et M e Daacessabad L A5 . . 222
o ST T SR 1 ey T 0T T IRl 224
A themmity It8. . . . .. s s oaooiimed mafy . 3RS 226
24 oRiseniate Date ioov il atvsmh o sellahng'd . L. 227
S o Plots . . . oacnosi W agodiudistaitl aosanhetd . 229
Snsanhicsia B, . . . wlend bas sollesod - JES . . 234

Notes S Farihier Reading. . ... 5.+ 5 s 4 sotatrgade s S84 . . 238

T e T R AP R IS T i e A 239

3 Probability Distributions in Models of Observable Events 245

3.1 Random Variables and Probability Distributions . . . . . . . 247
3.1.1 Discrete Random Variables . . ... ... ....... 248
3.1.2 Continuous Random Variables ... svieiite + @@ 252
3.1.3 Linear Combinations of Random Variables;

Expectations and Quantiles . . . .. ... .. ... .. 256
3.1.4 Survival and Hazérd Functions : . . v ale -« & & 0. . 207
3155  Multivariate Disteibublons. ... .4 1. onilieikedd o & 384 5 258
3.1.6 Measures of Association in Multivariate Distributions 261
T T RS S R SN ARG NI B0 SR BTGl R 264
3.1.8 Transformations of Multivariate Random Variables . . 267
3.1.9 Dhslxibutions of Ovder Statistics. . . v 5o clsfmminiids 3 269

3.1.10 Asymptotic Distributions; The Central Limit Theorem 270
3.1.11 The Tails of Probability Distributions . . . ... ... 273



Sequences of Random Variables; Stochastic Processes
3 Diffusion of Stock Prices and Pricing of Options

lseful Probability Distributions . . . . . .. ... ...
st rbRtions o) L s Lol sy e
entinuous Distributions . . . . . ... ... .. ...
Multivariate Distributions . . . . . . .. ... ... ..
General Families of Distributions Useful in Modeling .
Constructing Multivariate Distributions . . . . . . ..
6 Modeling of Data-Generating Processes . . . . . . ..
7 R Functions for Probability Distributions . . . . . ..
ulating Observations of a Random Variable . . . ... ..
S hiform Random Numbers . . ... .. ........
2 QGenerating Nonuniform Random Numbers. . . . . . .
EEElating Datain R . . . . .. .. ... ., .....
e eading. . . . . - . . - ... e

--------------------------------

Models and Methods of Inference

Nty Statistical Models . . .. . ... ... .....

1.1
- 4.1.2 Measuring and Partitioning Observed Variation . . . .
B inear Models . . . ... ... .00 e
4.1.4 Nonlinear Variance-Stabilizing Transformations . . . .
4.1.5 Parametric and Nonparametric Models . . . . . . . . .
EEeayesian Models . . . ... .. oo e
R Models for Time Series . . . . . ... ..........
Criteria and Methods for Statistical Modeling . . . .. ...
- 42.1 Estimators and Their Properties . . . ... ... ...
4.2.2 Methods of Statistical Modeling . . . . ... ... ..
Optimization in Statistical Modeling; Least Squares
N aximum Likelihood . . . .. .. ... ..........
4.3.1 The General Optimization Problem . ... ... ...
BEEERRRE Squares . . L. .ol e s
B Maximum Likelihood . . . . .. . ... .........
4.3.4 R Functions for Optimization . . . . . ... ... ...
T S S N R S
L Confidence Intervals . . .. . ..............
4.4.2 Testing Statistical Hypotheses . . . .. ........
B ction . .-oLald & VA Glaeilseed . 20O,
444 Inference in Bayesian Models . . . . ..........
4.4.5 Resampling Methods; The Bootstrap . . . . . . ... .
446 Robust Statistical Methods . . . .. .. ........
44.7 Estimation of the TailIndex . ... ..........
4.4.8 Estimation of VaR and Expected Shortfall . . . . . . .
Models of Relationships among Variables . . ... ......




Contents '

xviii

4.5:1 " Pringipal Components 1yl 00 1o g pedh BT 409
4.5.2'Regression Madels siy L 20 Jo ol SR, 413
4.5.3 Linear Regression'Models) o vloaim i lobdll 2o, | 418
4.5.4 Linear Regression Models: The Regressors . . . . . . . 422

4.5.5 Linear Regression Models: Individual Observations and
Resichualsl. .0, Foatein vl opeiitalbiotd . EXE . 428
4.5.6 Linear Regression Models: An Example . .. ... .. 435
4.5.7 . NonlinekyNodds siairay ULl anlrurvienn’d . 285 . 449
4.5.8'"Specityiag BModeiin R I-otot] o pailuleold . BEE, 454
4.6 Assessing the Adequacy of Models . . . .. ... ....... 455
4.6.1 Goodness-of-Fit Tests; Tests for Normality . ... .. 456
462 Closs-Vaiditionw ¥mciad Grodmii - saatinl) . I8 463
4.6.3 Model Selection and Model Complexity . .. ... .. 467
Notes and Farther Readifig: . . .. . 4 -oladall suihaloenil | dnie s 1y o 469
Rxerciges . CUCWS NG SR VIED ST R e el d - has. dn 472
5 Discrete Time Series Models and Analysis 487
5.1 Bagie LinearUpaintions 1o abadtald bae slabaetd dsoimids 495
Delal AERRERERDIIL CIBRTRROR . . ..o s BEDORL, 495
G2 he Bilerence Qpetabos Jowidiinsmioeod o, L L. 497
S T tesrhtion Dpessborc ) U oirtou ol ol d L. 500
5.1.4 Summation of an Infinite Geometric Series . . . . . . 500
5.1.50 Linear Difference Equations . ... ..ol . 20 .. 501
N L e Detrending | 0ov. bus ol pogas UL S0, 505
5.1.7 Cycles and Seasonal Adjustment . . ... ... .... 508
5.2 Analysis of Discrete Time Series Models . . . . . .. ... .. 510
D RS e, Leiiaiie w ol el basasaiihhl, 514

5.2.2 Sample Autocovariance and Autocorrelation Functions;
Stationarity snd Estimation ...t chowald L D00, . 518
5.2.3 Statistical Inference in Stationary Time Series. . . . . 523
5.3 Autoregressive and Moving Average Models . . ... .. .. 528
5.3.1 Moving Average Models; MA(q) .. ... ....... 529
5.3.2 Autoregressive Models; AR(p) . . . . .. ... ..... 534
5.3.3 The Partial Autocorrelation Function, PACF . . . .. 547
5.34 ARMA and ARIMAModels. . ............. 549
5.3.5 Simulation of ARMA and ARIMA Models . . . . . .. 555
5.3.6  Statistical Inference in ARMA and ARIMA Models . 556
5.3.7 Selection of Orders in ARIMA Models . . . ... ... 560
5.3.8 Forecasting in ARIMA:Models . .. .......... 561
5.3.9 Analysis of ARMA and ARIMA Modelsin R . . . .. 561

5.3.10 Robustness of ARMA Procedures; Innovations with
PEy s TRl @SV Tt 1A a1 B D - 566
53711 Fraaneiar Tiata. S50 250 o, aptiangi ) o X, . 568
5.3.12 Linear Regression with ARMA Errors . . . ... ... 571
5.4 Conditional Heteroscedasticity . . ... .. ... ... .. .. 575



...................... 576
CH Models and Extensions . ... ..... ... 580
B tation . .- . . .. ... 584

us Correlations; The Distribution of the
R COecieont . . . . . . .. e e e e e e 584
........................ 592
Bomtegrated L e s R S 599
...................... 603
................................. 604
615



