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Professor: M. Hakan Eratalay, PhD. Email: [email protected] O¢ ce: 331A Consultation hours: After classes or by appointment



Syllabus Econometrics of Financial Markets 1



About the course



In this course we will learn about estimating, testing and forecasting time series models. We will start with the univariate time series models to develop an understanding and continue with a multivariate framework. The course contains material which provides useful tools for …nancial and economic applications. We will also make use of the MATLAB program for implementing some of the models discussed in this course. At the end of this course, we will be able to estimate (by means of the MATLAB program we write) the mean and variance dynamics that lie behind a multivariate …nancial time series data and also we will be able to measure and forecast volatilities, covolatilities and correlations between di¤erent series. The topics covered in this course will help the students understand the principles of risk management and portfolio selection.
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Topics list 1. Conditional Heteroscedasticity Readings: Gyhsels et al. 1996, Bollerslev 1992, 1994, Hamilton 1994 Ch. 21 , Tsay 2005 Ch. 3. (a) Stylized facts. Why model conditional heteroscedasticity? (b) Riskmetrics, ARCH and GARCH models (c) ML estimation of an AR-GARCH model (d) Post-estimation diagnostics 2. Multivariate GARCH Models Readings: Bauwens et al. 2006, Silvennoinen and Teräsvirta 2009, Bollerslev 1990, Engle 2002, Engle and Shephard 2001, Carnero and Eratalay 2014, Fiorentini et al 2003, Bauwens and Laurent 2005, Tsay 2005 Ch. 10 (a) VEC and BEKK-GARCH (b) Conditional Correlation GARCH (c) Estimation of Conditional Correlation GARCH models in multiple steps (d) Estimation using Student t and Skew Student t distributions (e) Factor GARCH, Copula GARCH 3. Comparing the estimation results obtained by di¤erent MGARCH models Readings: Engle and Shephard 2001, Bauwens and Laurent 2005, Nakajima 2016, Carnero and Eratalay 2014, Hansen and Lunde 2005, Tsay 2005 Ch. 7. 1



(a) Simulated data vs real data (b) Value-at-Risk and Expected Shortfall 4. Kalman Filter Readings: Sandmann and Koopman 1998, Durbin and Koopman 1997, Hamilton 1994 Ch. 13, Tsay 2005 Ch. 11. (a) State Space Form representation (b) Kalman …ltering and smoothing (c) Prediction error decomposition form of log-likelihood 5. Stochastic Volatility (SV) Readings: Ruiz 1994, Harvey et al. 1994, Jungbacker and Koopman 2006, Asai and McAleer 2006, Carnero et al. 2004 (a) A univariate SV model (b) Constant correlation Multivariate SV model (c) Time varying correlations Multivariate SV model (d) Multivariate SV model with leverage e¤ects (e) Estimation of SV models via QML and MCL methods (f) SV vs GARCH
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Course Evaluation



The evaluation in this course consists of: 1. Project (30%): the student is required to choose a published empirical paper that is related to the topics in this course and has to con…rm it with the lecturer. After reading the paper, the student is required to do a "20 minutes" presentation of the paper in class and propose an extension for the paper in this presentation. During the presentation, the student is required to defend this extension: "why does it make sense to do this extension for this paper?" The presentation will be 50% of the project grade (15% of the course grade). The student is also required to write a referee report of maximum 3 pages for this paper, for which the last page will be on the extension proposed. The referee report will be 50% of the project grade (15% of the course grade). Failure to propose an extension and defend it during the presentation will result in reduction of the grade. Exact date for presentations will be decided during the course. The language for the presentation and the referee report is English only. 2. Final exam (40%): will contain questions related to the topics covered in the lecture. It will consist of two parts: (a) theoretical problems and questions, (b) Matlab programming. Both parts will be in class. Any act of cheating during any part of the …nal exam will result in a failure from the …nal exam. A failure from the …nal exam results in a failure from the course. 3. Homeworks and quizzes (30 %): will be based on lecture notes and programming. Quizzes will be announced one week before they take place and they will be in class. Any act of cheating in any homework or quiz will result in a failure from that particular homework or quiz. 2



4. The student is required to attend the classes. Absence in more than 20% of the classes will result in a failure from the course. In such case the student will not be allowed to enter the …nal exam, but he/she may take the recovery exam. The student is obliged to let the professor of the course know about any valid excuse he/she might have for not attending the class. The only valid excuse for not attending the class is a health problem, for which the student should provide an o¢ cial doctor’s report. 5. A student fails this course (a) if he/she can not obtain a total of 41 points from all the coursework and …nal exams, (b) if he/she scores less than 41% of the …nal exam, (c) if he/she misses more than 20% of the classes. All failed students will take a "retake exam" that is evaluated over 100 points, hence implying that they lose all the points they accumulated from the coursework.
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Reading Material



Articles: 1. Asai, M, McAleer, M, (2006), Asymmetric Multivariate Stochastic Volatility, Econometric Reviews, 25 (2-3), 453-473 2. Bauwens, L., L. Sebastien and J.V.K. Rombouts, (2006), Multivariate GARCH Models: A Survey. Journal of Applied Econometrics, 21, 79-109. 3. Bauwens, L. and L. Sebastien, (2005) A New Class of Multivariate Skew Densities, with Application to Generalized Autoregressive Conditional Heteroscedasticity Models, Journal of Business & Economic Statistics , Vol. 23, No. 3, pp. 346-354 4. Bollerslev, T. (1990). Modelling the Coherence in Short-Run Nominal Exchange Rates: A Multivariate Generalized ARCH Model. The Review of Economics and Statistics, 72, 498-505. 5. Bollerslev T, Chou RY, Kroner KF. (1992). ARCH modeling in …nance: a review of the theory and empirical evidence. Journal of Econometrics 52: 5–59. 6. Bollerslev T, Engle RF, Nelson DB. (1994). ARCH models. In Handbook of Econometrics, Engle R, McFadden D (eds). North Holland Press: Amsterdam. 7. Borovkova, S., & Lopuhaa, R. (2012). Spatial GARCH: A spatial approach to multivariate volatility modelling., Working paper. 8. Carnero, A. , Peña, D. , Ruiz, E., (2004), Persistence and Kurtosis in GARCH and Stochastic Volatility Models, Journal of Financial Econometrics, Volume 2, Issue 2, 319-342. 9. Carnero, A. , Eratalay, M. H. (2014), Estimating VAR-MGARCH Models in Multiple Steps, Studies in Nonlinear Dynamics and Econometrics, Volume 18, Issue 3, 339-365. 10. Durbin, J., Koopman, S.J,. (1997), Monte Carlo maximum likelihood estimation for non-Gaussian state space models. Biometrika Volume 84, No 3, pp 669 - 684 11. Engle, R. and K. Sheppard (2001). Theoretical and Empirical Properties of Dynamic Conditional Correlation Multivariate GARCH. NBER Working Paper, No: W8554.
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12. Engle, R. (2002). Dynamic Conditional Correlation: A Simple Class of Multivariate Generalized Autoregressive Conditional Heteroskedasticity Models. Journal of Business and Economic Statistics, 20, 339-350. 13. Fiorentini G, Sentana E, Calzolari G. (2003). Maximum likelihood estimation and inference in multivariate conditionally heteroskedastic dynamic regression models with Student t innovations. Journal of Business and Economic Statistics, 21: 532–546. 14. Ghysels, E., Harvey, A. C., Renault, E. (1996). Stochastic volatility. In: Rao, C. R., Maddala, G. S., eds. Statistical Models in Finance. Amsterdam: North-Holland, pp. 119–191. 15. Hansen, P.R., Lunde, A. (2005), A forecast comparison of volatility models: does anything beat a GARCH(1,1)?, Journal of Applied Econometrics, Volume 20, Issue 7, pp. 873-889. 16. Harvey, A., Ruiz, E., Shephard, N., (1994), Multivariate stochastic variance models, The Review of Economic Studies, Volume 61, pp 247 - 264 17. Jungbacker, B., Koopman, S.J., (2006), Monte Carlo likelihood estimation for three multivariate stochastic volatility models, Econometric Reviews, Volume 25, Issue 2-3, 385 - 408 18. Nakajima, J. (2016), Bayesian analysis of multivariate stochastic volatility with skew distribution, Econometric Reviews, forthcoming. 19. Ruiz, E. (1994), Quasi-maximum likelihood estimation of stochastic volatility models, Journal of Econometrics, Volume 63, Issue 1, 289-306 20. Silvennoinen, A. and T. Teräsvirta, (2009), Multivariate GARCH Models. In T. G. Andersen, R. A. Davis, J.-P. Kreiss and T. Mikosch, eds. Handbook of Financial Time Series. New York: Springer. Books: Hamilton, J.D. 1994, "Time Series Analysis", Princeton University Press. Tsay R. 2005, "Analysis of Financial Time Series", Wiley. Supplementary material for software: A Basic Course on Matlab, Hakan Eratalay (2012), available at https://sites.google.com/site/hakaneratalay/home/teaching
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make use of the MATLAB program for implementing some of the models discussed in this course. At the end of this course, we will be able to estimate (by means of the MATLAB program we write) the mean and variance dynamics that lie behind a multivariate financial time series data and also we will be able to measure. 
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