
Contents

Preface xi

Frequently Used Notation xv

I Option Pricing 1

1 Derivatives 3

1.1 Recommended Literature .................... 10

2 Introduction to Option Management 11

2.1 Arbitrage Relations........................ 11
2.2 Portfolio Insurance........................ 23

2.3 Recommended Literature .................... 31

3 Basic Concepts of Probability Theory 33
3.1 Real Valued Random Variables................. 33

3.2 Expectation and Variance.................... 36
3.3 Skewness and Kurtosis...................... 37

3.4 Random Vectors, Dependence, Correlation........... 38

3.5 Conditional Probabilities and Expectations.......... 39
3.6 Recommended Literature .................... 42



Contentsxviii

4 Stochastic Processes in Discrete Time 43

4.1 Binomial Processes........................ 43

4.2 Trinomial Processes ....................... 47

4.3 General Random Walks..................... 49

4.4 Geometric Random Walks.................... 50

4.5 Binomial Models with State Dependent Increments...... 51

5 Stochastic Integrals and Differential Equations 53

5.1 Wiener Process.......................... 53

5.2 Stochastic Integration...................... 56

5.3 Stochastic Differential Equations................ 59

5.4 The Stock Price as a Stochastic Process............ 61

5.5 Itos Lemma............................ 62

5.6 Recommended Literature.................... 65

6 Black-Scholes Option Pricing Model 67

6.1 Black-Scholes Differential Equation............... 67

6.2 Black-Scholes Formulae for European Options ........ 74

6.3 Risk Management and Hedging................. 80

6.3.1 Delta Hedging ...................... 82
6.3.2 Gamma and Theta.................... 85

6.3.3 Rho and Vega....................... 88

6.3.4 Historical and Implied Volatility............ 89
6.4 Recommended Literature.................... 93

7 Binomial Model for European Options 95

7.1 Cox-Ross-Rubinstein Approach to Option Pricing...... 96
7.2 Discrete Dividends........................ 101

7.2.1 Dividends as a Percentage of the Stock Price..... 101



Contents xix

7.2.2 Dividends as a Fixed Money Amount ......... 102

7.3 Recommended Literature .................... 105

8 American Options 107

8.1 Arbitrage Relationship for American Options......... 107

8.2 The Trinomial Model for American Options.......... 115

8.3 Recommended Literature .................... 119

9 Exotic Options and Interest Rate Derivatives 121

9.1 Examples of Exotic Options................... 121

9.1.1 Compound Options, Option on Option......... 121

9.1.2 Chooser Options or “As you wish” Options...... 122

9.1.3 Barrier Options...................... 123

9.1.4 Asian Options ...................... 124

9.1.5 Lookback Options.................... 126

9.2 Models for the Interest Rate and Interest Rate Derivatives . . 127

9.2.1 Bond Value with Known Time Dependent Interest Rate 128

9.2.2 Stochastic Interest Rate Model............. 128

9.2.3 The Bond’s Value Equation............... 129

9.2.4 Solving the Zero Bond’s Value Equation........ 131

9.2.5 Valuing Bond Options.................. 132
9.3 Recommended Literature .................... 132

II Statistical Model of Financial Time Series 135

10 Introduction: Definitions and Concepts 137

10.1 Certain Definitions........................ 138

10.2 Statistical Analysis of German Stock Returns......... 145

10.3 Expectations and Efficient Markets............... 147



XX Contents

10.4 Econometric Models: A Brief Summary............ 153

10.4.1 Stock Prices: the CAPM ................ 153

10.4.2 Exchange Rate: Theory of the Interest Rate Parity . . 154

10.4.3 Term Structure: The Cox-Ingersoll-Ross Model .... 156

10.4.4 Options: The Black-Scholes Model........... 158
10.4.5 The Market Price of Risk................ 160

10.5 The Random Walk Hypothesis................. 163
10.6 Unit Root Tests.......................... 166

10.6.1 Dickey-Fuller Tests.................... 166

10.6.2 The KPSS Test of Stationarity............. 168
10.6.3 Variance Ratio Tests................... 170

10.7 Recommended Literature.................... 172

11 ARIMA Time Series Models 175

11.1 Moving Average Processes.................... 176

11.2 Autoregressive Process...................... 177

11.3 ARM A Models.......................... 181

11.4 Partial Autocorrelation ..................... 183

11.5 Estimation Moments....................... 186

11.5.1 Estimation of the Mean Function............ 187

11.5.2 Estimation of the Covariance Function......... 188

11.5.3 Estimation of the ACF.................. 189

11.6 Portmanteau Statistics...................... 190

11.7 Estimation of AR(p) Models................... 191

11.8 Estimation of MA(g) and ARMA(p, q) Models......... 192
11.9 Recommended Literature .................... 197

12 Time Series with Stochastic Volatility 199

12.1 ARCH and GARCH Models................... 201



Contents
xxi

12.1.1 ARCH(l): Definition and Properties.......... 204

12.1.2 Estimation of ARCH(l) Models............. 211

12.1.3 ARCH(g): Definition and Properties.......... 215

12.1.4 Estimation of an ARCH(g) Model........... 217

12.1.5 Generalized ARCH (GARCH).............. 218

12.1.6 Estimation of GARCH(p,
q)

Models .......... 221
12.2 Extensions of the GARCH Model................ 224

12.2.1 Exponential GARCH................... 225

12.2.2 Threshold ARCH Models................ 227

12.2.3 Risk and Returns..................... 228

12.2.4 Estimation Results for the DAX Returns ....... 229

12.3 Multivariate GARCH models.................. 230

12.3.1 The Vec Specification.................. 231

12.3.2 Die BEKK Spezifikation................. 234

12.3.3 The CCC model..................... 235

12.3.4 An empirical illustration................. 235
12.4 Recommended Literature .................... 240

13 Non-parametric Concepts for Financial Time Series 243

13.1 Nonparametric Regression.................... 244
13.2 Construction of the Estimator.................. 247

13.3 Asymptotic Normality...................... 250
13.4 Recommended Literature.................... 265

III Selected Financial Applications 267

14 Valuing Options with Flexible Volatility Estimators 269

14.1 Valuing Options with ARCH-Models.............. 270

14.2 A Monte Carlo Study ...................... 276



xxii Contents

14.3 Application to the Valuation of DAX Calls .......... 281
14.4 Recommended Literature.................... 284

15 Value at Risk and Backtesting 287

15.1 Forecast and VaR Models.................... 288

15.2 Backtesting with Expected Shortfall.............. 291

15.3 Backtesting in Action ...................... 293
15.4 Recommended Literature .................... 298

16 Copulas and Value-at-Risk 301

16.1 Copulas.............................. 302

16.2 The Calculation of VaR and Copulas.............. 305

16.3 Recommended Literature .................... 309

17 Statistics of Extreme Risks 311

17.1 Limit Behavior of Maxima.................... 311

17.2 Statistics of Extreme Events................... 321

17.2.1 The POT (peaks-over-threshold) Method....... 322
17.2.2 The Hill Estimator.................... 328

17.3 Estimators for Risk Measurements............... 330

17.4 Extreme Value Theory for Time Series............. 333

17.5 Recommended Literature .................... 336

18 Neural Networks 339

18.1 From Perceptron to Non-linear Neuron............. 341

18.2 Back Propagation......................... 349

18.3 Neural Networks in Non-parametric Regression Analysis . . . 352
18.4 Forecasts of Financial Time Series with Neural Networks . . . 358

18.5 Quantifying Risk with Neural Networks............ 362

18.6 Recommended Literature .................... 367



Contents xxiii

19 Volatility Risk of Option Portfolios 369

19.1 Description of the Data..................... 370

19.2 Principal Component Analysis of the VDAX’s Dynamics . . . 374

19.3 Stability Analysis of the VDAX’s Dynamics.......... 377

19.4 Measure of the Implied Volatility’s Risk............ 378

19.5 Recommended Literature .................... 381

20 Nonparametric Estimators for the Probability of Default 383

20.1 Logistic Regression........................ 383

20.2 Semi-parametric Model for Credit Rating........... 385

20.3 Credit Ratings with Neural Networks.............. 389

A Technical Appendix 393

Appendix 393

A.l Integration Theory........................ 393

A.2 Portfolio Strategies........................ 398

Bibliography 405

Index 421


	Inhaltsverzeichnis
	[Seite 1]
	[Seite 2]
	[Seite 3]
	[Seite 4]
	[Seite 5]
	[Seite 6]
	[Seite 7]


