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Introduction

Recap so Far

Theoretical Properties of ARMA Processes

Estimation & Inference with Sample Data

Fundamental & Broad Time Series Concepts

Move on to some more specialist (yet still rather broad) topics..
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Introduction

Part I: Prediction

How to predict outcome of process in future periods?

Sample data of size T up to today

Estimate true process

Construct ‘best’ guess (prediction) of tomorrow

Example: BoE Forecast of CPI

Example: High-freq. traders predict stock price tomorrow.
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Introduction

Part II: Seasonality

Economic Time Series Process often display repeated patterns

C:/Users/msassng4/Desktop/Teaching/ECON30401 2015/Week 1/wine.png

Implications for inference?

How to model seasonality?
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Prediction: Motivation

Prediction

Observe sample up to y1, .., yT up time T (today)

Came from some process Yt

How to predict outcomes at T + 1,T + 2, .. (future)

How to measure precision of the prediction (i.e our guess)
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Prediction: AR(1) Example

Prediction from AR(1)

Yt = µ+ φ1Yt−1 + εt εt ∼WN(σ2)

Obvious guess at T+1 given y1, .., yT ? ŶT+1 = µ+ φ1yT

Why? If E[εT+1|YT = yT ] = 0

[Slightly Stronger Assumption than εt Serially Uncorrelated]

⇒ E[YT+1|YT = yT ] = µ+ φ1yT

In practise use OLS estimates of µ, φ1 to form ŶT+1
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Prediction: AR(1) Example

Imprecision of Prediction from AR(1)

ŶT+1 = µ+ φ1yT

YT = yT ⇒ YT+1 = µ+ φ1yT + εT+1

Forecast Error : YT+1 − ŶT+1 = εT

Forecast Error Variance Var(εT+1) = σ2
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Prediction: AR(1) Example

Second Step Ahead Prediction from AR(1)

YT+2 = µ+ φ1YT+1 + εT+2

Do not observe yT+1 so use best guess ŶT+1

ŶT+2 = µ+ φ1ŶT+1

Why? If E[εT+2|YT = yT ] = 0

Forecast

E[YT+2|YT = yT ] = µ+ E[YT+1|YT = yT ]

= µ+ φ1ŶT+1

= = µ+ φ1(µ+ φ1yT )

Forecast Error : YT+2 − ŶT+2 = εT+2 + φ1εT+1
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Prediction: AR(1) Example

J Step Ahead Prediction from AR(1)

Predict YT+J for J ≥ 1

Best guess? If E[εT+J |YT = yT ] = 0

Forecast

ŶT+J = E[YT+J |YT = yT ]

= µ+ φ1ŶT+J−1

Forecast Error : YT+J − ŶT+J =
∑J

j=1 φ
J−j
1 εT+j

Forecast Error Variance σ2
∑J

j=1 φ
2(J−j)
1
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Prediction: AR(1) Example

J →∞ Step Ahead Prediction from AR(1)

What happens as J →∞ if |φ1| < 1

Forecast ŶT+J → µ
1−φ1

Forecast Error Variance σ2
∑J

j=1 φ
2(J−j)
1 → σ2

1−φ2
1
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Prediction: AR(1) Example

General AR(p) Predictors

Prediction from general AR(p) models follows similarly

Video Exercise 2 considers p = 2

In practise we use OLS estimates of coefficients

⇒ further forecast error

Only need to derive properties of predictors with coefficients known.

Will not consider prediction of MA or ARMA
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Seasonality

Seasonality and Seasonal Adjustment

Seasonality is difficult to define in a simple way
but its manifestation is patterns that repeat over years

In macroeconomics:

Retail sales increase prior to Christmas
Industrial production drops in the summer
Some food prices increase in winter

Statistical agencies produce seasonally adjusted series

Seasonal adjustment makes implicit assumptions about seasonality

Adjustment can have undesirable side-effects
May prefer to use seasonally unadjusted data

Seasonality often considered as deterministic and/or stochastic
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Seasonality

Example: Retail Sales

Volume of retail sales, predominantly food stores, 1988Q1-2012Q4

Log series & growth rate (%)
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Seasonality

Deterministic Seasonality

Deterministic seasonality seasonal dummy variables

Quarterly example: 3 seasonal dummy variables

Yt = α0 + α1D1t + α2D2t + α3D3t + εt

Dqt takes value 1 for quarter q & zero otherwise
(arbitrary which seasonal dummy to exclude)

Implication:

E[Yt |q = 1] : µ1 = α0 + α1

E[Yt |q = 2] : µ2 = α0 + α2

E[Yt |q = 3] : µ3 = α0 + α3

E[Yt |q = 4] : µ4 = α0

NB: Beware the ”dummy variable trap”!
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Seasonality

Correlogram with Deterministic Seasonality I
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Seasonality

Deterministic Seasonal Adjustement

Yt = α0 + α1D1t + α2D2t + α3D3t + εt

Find strong dependence in Yt

Seasonal dependence is not focus of interest

Seasonally Adjust data by removing α0 + α1D1t + α2D2t + α3D3t

Estimate via OLS
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Seasonality

Correlogram of Seasonally Adjusted Data

Remove quarterly means through prior regression:

Residuals from Yt = α1D1t + α2D2t + α3D3t + α4D4t + εt
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Seasonality

Stochastic Seasonality

Seasonality may be random e.g quarterly seasonaliy that dies away

Stochastic seasonality operates through ARMA dynamics

Quarterly seasonal AR(1):

Yt = α + φ4Yt−4 + εt

Stationary if |φ4| < 1
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Seasonality

Stochastic Seasonality: MA Representation

Stationary quarterly SAR(1)

Yt = α + φ4Yt−4 + εt

=
α

1− φ4
+ εt + φ4εt−4 + φ2

4εt−8 + ...

= µ+
∞∑
i=0

θiεt−i

At seasonal lags

θ4 = φ4, θ8 = φ2
4, etc

θi = 0, i = 1, 2, 3, 5, 6, 7, 9, ... etc

Taking expectations

E[Yt ] =
α

1− φ4
all t

Constancy over quarters may be implausible
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Seasonality

Stochastic Seasonality: Autocorrelations II

With φ4 = 0.8, autocorrelation function for SAR(1) process:
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Seasonality

More General Seasonal Models

Can generalise SAR(1) in various ways

Sometimes also SMA, eg quarterly SARMA(1, 1)

Yt = α + φ4Yt−4 + εt + θ4εt−4

Can combine deterministic & stochastic e.g seasonality

Yt = α0 + α1D1t + α2D2t + α3D3t + φ1Yt−1 + φ4Yt−4 + εt

In practice, often include seasonal dummies & consider other patterns
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Seasonality

Example: Retail Sales Again

After removing seasonal means (shown again)
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Seasonality

Model for Retail Sales Growth

Intercept largest in fourth quarter
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End of first half of Lecture

What have we Learnt today?

Methods to predict from AR(1)

Measures of Forecast Uncertainty

Discussed seasonality

Issues seasonality brings for time series analysis

Methods of modelling Seasonality & Seasonal Adjustment
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End of first half of Lecture

End of My Half of the Course

End of the first half of lectures

...PC Lab next week in Eviews related to Lect 1-4

Move on to Multivariate models and Unit Roots with Prof. Hall

Repeat: 4 more lectures, 2 exercise classes and a PC Lab

Crucial : Recap basic Linear Algebra- Rank, Inverse, Matrix
Addition/Multiplication.
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