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COURSE OVERVIEW
General Info

The core of this course is the use of basic statistical techniques and
tools to deal with data analysis in the framework of economics and
finance, with emphasis on financial risk.
It will consists of
@ frontal lectures (=~ 35h)
@ R practical sessions (~ 10h)
1V Ve Ve

Note that
— Lecture recordings will be available to the course team in MS Teams

— Any changes that occur in the timetable will be communicated via
Moodle

Lecturer: Roberta Pappada

Office: room 2.18, 2nd floor, Via Valerio 4/1

E-mail: rpappada@units.it

R. PAPPADA STATISTICAL METHODS WITH APPLICATION TO FINANCE Introduction 3/33



COURSE OVERVIEW
Lessons timetable & office hours

Academic year: 2022/2023, Il semester

Course: STATISTICAL METHODS WITH APPLICATION TO FINANCE [R. PAPPADA']

Monday Tuesday Wednesday Thursday Friday
1200 Office hours:
 Smsnea. Tuesday, 11:00 - 12:30
" PSS Thursday, 16:00 - 17:00
B s Any change will be published on
e www.deams.units.it
1400 oo Office hours can also be scheduled
DT || e through teams by appointment.
APPLICATIONTO Aula3_B
FINANCE [Edificio D - Econ.]
— e O [ e
Aula3_B
[Edificio D- Econ.]
14:00 - 16:00
16:00]
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COURSE OVERVIEW
Course calendar

— 2nd Semester’s lessons: from February 27 to May 26, 2023.
[V Ve Ve V]

— Easter Holidays: from April 7 to April 11, 2023.
1V Ve Ve
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COURSE OVERVIEW
Course calendar

— 2nd Semester’s lessons: from February 27 to May 26, 2023.
[V Ve Ve V]

— Easter Holidays: from April 7 to April 11, 2023.

NN

Wednesday classes will not be held every week; in March there will be
no lessons on the following dates

1st March 2023
15th March 2023
29th March 2023
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COURSE OVERVIEW
Prerequisites

The Statistics course is a prerequisite for Financial Econometrics and
Statistical Methods with Applications to Finance: it is assumed that the
student is at least somewhat familiar with the basics of probability and
statistics: exploratory data analysis, random variables and distribution
functions, and the fundamentals of statistical inference.

No prior knowledge of computer programming is required for attending
the R Lab sessions.
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COURSE OVERVIEW
Course Obijectives

The course aims to provide students with an introduction to well-established
statistical methods and models in the financial and economic context,
with a focus on time series data.

[ VO Ve Ve
The R statistical software will be used in hands-on sessions for data
manipulation, exploratory data analysis, time series modelling and fore-
casting.

[V Ve Ve
We start by looking at stock prices and asset returns, which are then
used for discussing more advanced topics such as time series mod-
els and forecasting techniques, thus bringing together finance, statistics
and computer programming.

R. PAPPADA STATISTICAL METHODS WITH APPLICATION TO FINANCE Introduction



COURSE AIM AND CONTENT The role of Statistics in Finance
Summary

9 Course aim and content
@ The role of Statistics in Finance
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COURSE AIM AND CONTENT The role of Statistics in Finance
Introduction

@ Statistics plays a key role in finance; examples are the empirical
analysis of financial data, the random walk hypothesis, portfolio
theory, risk management, etc.

@ Recently, statistics has becoming crucial to deal with big-data and
complex data structures

@ Economic and financial data are collected systematically for
thousands of variables in many countries and the literature of
statistical models is huge
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COURSE AIM AND CONTENT The role of Statistics in Finance
Financial data

In many of the problems of interest in finance, the starting point is the
analysis of price series.

YAHOO! oo s "2 | ) =

Some sources:
@ Google
@ Yahoo finance
@ R packages
@ etc.
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COURSE AIM AND CONTENT The role of Statistics in Finance
Returns

Returns on an asset, e.g., a stock, a bond, a portfolio of stocks and
bonds, are changes in price expressed as a fraction of the initial invest-
ment.

AN
Py, : Price of asset at time t;
Py, Price of asset at time &

The net return for the holding period from ¢ to & is

P, — P4,
P

1

R =

The return on a portfolio is a weighted average of the returns on the
individual assets
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Financial markets and risk

Finance is concerned with buying and selling assets, pricing them, and
assessing the involved risk.
There are two main ingredients: time and uncertainty
@ A stock market index shows how a specified portfolio of share
prices changes over time

@ Risk is related to the uncertainty in the return that we obtain from
investing in stock shares
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Financial markets and risk/ 2

We may model issues related to time and uncertainty within a mathe-
matical framework, using tools from probability and statistics.
@ Future returns cannot be known exactly and therefore are random
variables
@ Volatility, or the standard deviation of returns, is a common measure
of risk. However, the use of volatility as a risk measure can lead to
misleading conclusions!
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COURSE AIM AND CONTENT The role of Statistics in Finance
Non-normality

How do returns on assets behave?
Financial markets data are not
normally distributed!

Histogram of LogRet Normal Q-Q Plot
i ] i For modelling financial mar-
: g "] kets data, heavy-tailed distri-
;. 2] butions such as the Student
8 i t-distributions are much more
. “ H oyl suitable than normal distribu-
. ‘....‘...|\|.|‘.|\|“ H‘I\Ih . 7, tions
-0.04 0.00 002 0.04 70‘.04 0;0 0‘02 0.‘04
LogRet sample Quaniles Financial data have stylised
) , , facts that are different from
Figure 1: Histogram and QQ plot of daily log returns other types of data

of the McDonald’s Corporation over the period
January 2010 to September 2014.
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COURSE AIM AND CONTENT The role of Statistics in Finance
Time series

Much of the data from financial markets are time series, that is,
sequences of data sampled over time

AN
Most analysis of financial time series is done in the time domain, and
we will restrict our attention to this.

[0V Ve Ve
Data visualization: a time series plot is the graph displaying time series
observations in chronological order. The consecutive observations are
commonly regarded as equally spaced, for simplicity.
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COURSE AIM AND CONTENT The role of Statistics in Finance
Time series/ 2

We concentrate on various types of statistical models widely used in

econometrics, business forecasting, and many scientific applications.
[V Ve Ve

The best-known examples of time series, which behave like random

walks, are share prices on successive days. A model, which often

gives a good approximation to such data, is

share price on day t = share price on day (t — 1) + random error

Simple linear models may be appropriate for many financial series, but
the world is usually more complex!
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Example 1: Apple stock

AAPL 2000-01-03 / 2021-02-26

100 100

50 50

rrrrrrrrrrrrrrrrr o

Jan 03 2000 Jul 012004 Apr 01 2008 Oct 012012 Jul 012016 Apr 01 2020

Figure 2: Closing prices of Apple stock (2000—2021)
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COURSE AIM AND CONTENT

Example 2: GNP Data

The role of Statistics in Finance
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Example 3: Johnson & Johnson quarterly earnings

T T T T T
1960 1965 1970 1075 1980
Year

Figure 4: Johnson & Johnson quarterly earnings per share, from the first
quarter of 1960 to the last quarter of 1980.
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Example 4: Dow Jones Industrial Average

DJIA Returns
0.10
| |

-0.05 0.00 0.05
|

Apr 21 2006 Oct 012008 Oct012010 Oct012012 Oct 012014

Figure 5: Daily returns of the Dow Jones Industrial Average (DJIA) from 2006
to 2016.
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COURSE AIM AND CONTENT The role of Statistics in Finance
Risk management

Economerica, Vo, 50, No. & (July., 1982)

AUTOREGRESSIVE CONDITIONAL HETEROSCEDASTICITY
WITH ESTIMATES OF THE VARIANCE OF
UNITED KINGDOM INFLATION'

By Rosext F. ENGLE

Traditonsl cconometric models assume a consant one-period forecast variance. Te

g R e S Nobel Prize winner Engle (1982)
LT has determined a recent revolu-
© renseron tion in finance developing new

o o oty i b o s s v models (ARCH Models) extended

ARCHT s found i bt e and e csimmedvariaees ot ey

arin the chaotic sevens
standard assumptions,is simply E(y,|,..), which depends upon the valuc of the
conditioning variable y,... The variance of this one-period forecast s given by
V(31,1 Such an expression recognizes that the conditional forecast variance by B ” | (1 986) th t -
e e e e o ollersiev » Inat success
conventional cconometric models, however, the conditional variance does not . ™
Gepend upon y,. This paper will propose a class of models where the variance f ||y pt h g |atil ty
praga I b e A ully capture changes in volaul
Estimation methods, tests for the presence of such models, and an empirical
example will be

‘Consider initialy the first-order autoregression

K=Viate
where ¢ is white noise with ¥/(¢) = o®. The conditional mean of y, is yy,., while
the unconditional mean is zero. Clearly, the vast improvement in forecasts due to
time-series models stems from the use of the conditional mean. The conditional

"This paper was writin while the author was visiting the London School of Economics. He
)

ISTICAL METHODS WITH APPLICATION TO FINANCE



DJIA - Volatility Forecasting

005 |00
1 1

0.00
|

-0.05

Nov 20 2007 Apr 01 2008 Sep 02 2008 Feb 02 2009 Jul 012009 Nov 02 2009

Figure 6: GARCH one-step-ahead predictions of the DJIA volatility (solid line)
superimposed on part of the DJIA series including the financial crisis of 2008.
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COURSE AIM AND CONTENT Summary of the course
Summary

9 Course aim and content

@ Summary of the course
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Course Content

Review of basic concepts on financial markets, prices and risk.

O Returns; log returns; multi-period returns; portfolios.

O Distributional properties of returns; review of statistical distributions and
their moments; visualization of financial data. The random walk
hypothesis.

O Index numbers; Laspeyres Price Index and Paasche Price Index; Stock
Market Indices.

R Lab Exploratory data analysis and Stylized Facts of returns
Linear models for financial time series

[0 Characteristics of time series data; white noise and linear time series;
autoregressive and moving average models; model selection techniques

O Unit-root nonstationarity; Integrated ARMA (or ARIMA) models;
introduction to seasonal models.

R Lab Fitting ARMA models to time series data
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Course Content / 2

Forecasting

0 Point forecasts and prediction intervals; forecasting using ARMA models
0 exponential smoothing
R Lab Prediction of time series using linear models

GARCH and conditional volatility

[J Testing for ARCH effects; the ARCH model; GARCH models and their
extensions.

R Lab Fitting ARMA-GARCH models to financial returns
Risk measures

0 How to measure financial risk? Value at risk and expected shortfall. Risk
aggregation.

R Lab Estimation of risk measures and simulation.
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COURSE AIM AND CONTENT Summary of the course

Course Activities

The activities include

@ Lessons with slides illustrating the theoretical background of the
statistical methods presented in the course, as well as examples
on simulated and real-world datasets

@ Sessions of exercises with full solutions

@ R Labs to focus on statistical models for financial returns, primarily
for the purpose of forecasting risk

@ Wocclap or Moodle Quizzes for self-evaluation (homework or live
quizzes)

R. PAPPADA STATISTICAL METHODS WITH APPLICATION TO FINANCE Introduction 26/33



More on quizzes and live tests

@ During the course, moodle quizzes will be scheduled, which
include true/false questions, multiple choice, or problems with
numeric solution

@ Students wishing to participate in the Moodle quizzes will have a
deadline to submit the answers (few days)

@ There will some interactive quizzes during the lessons, which may
serve for self-evaluation

@ Students that obtain at least the 60% of correct answers in all tests
can receive up to 2 additional points in the final grade (only for the
summer session)
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GOOD TO KNOW
Summary

© Good to know
@ Course Material
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GOOD TO KNOW
Textbooks and other resources

Slides, exercises, R source files and datasets will be available on the
Moodle page of the course.
Online resources for review of statistical concepts and R language

@ D. M. Diez, C. D. Barr, M. Cetinkaya-Rundel, Openintro Statistics
https://leanpub.com/openintro-statistics (getthe full
book PDF)

@ An introduction to R available at
https://cran.r-project.org/
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GOOD TO KNOW
Textbooks and other resources

Main textbooks:

J. Danielsson (2011) Finan[:lal
Financial Risk Forecasting: The Theory r I S
and Practice of Forecasting Market Risk

with Implementation in R and Matlab, fo recastmal
Wiley

ANIELSSON
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GOOD TO KNOW
Textbooks and other resources

Main textbooks:

AN INTRODUCTION

T0 ANALYSIS OF
FINANCIAL DATA WITH R
Tsay, Ruey S. (2013)
An Introduction to the Analysis of Financial
Data with R, Wiley Pl

isEBEES

FWILEY s
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GOOD TO KNOW
Textbooks and other resources

Further textbooks
(demanding)

D. Ruppert, D.S. Matteson (2015)
Statistics and Data Analysis for Financial
Engineering with R examples

Second edition, Springer Texts in Statistics

) Springer
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GOOD TO KNOW
Textbooks and other resources

Further textbooks
(demanding)
QUANTITATIVE
RISK
MANAGEMENT
J. McNeil, R. Frey, and P. Embrechts R
(2015) Quantitative Risk Management:

Concepts, Techniques and Tools, Revised
Edition, Princeton Series in Finance

REVISED EDITION
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GOOD TO KNOW
Summary

© Good to know

@ Final Exam
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GOOD TO KNOW
Final exam

The final exam consists of a written test of 2 hours with

@ exercises and open questions to assess your comprehension level
of all the topics covered during the course

@ questions concerning the output of various statistical analysis to
assess your ability to interpret results, plots, and evaluate different
models in applied contexts

@ Examples of past exams will be made available

Remember to register for the exam within the given deadline (four days
prior to the exam)
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GOOD TO KNOW

Questions?
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