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Non Stationary models
Idea Transform a nonStationary timeseries so that the

new series is stationary and hencecanbe
modeled by an ARMAModel
When the transformation involves differencing what
we're reallydoing is filling an ARIMAmodel

Autoregressive
ARIMA Integrated

Movingaverage
ARIMAmodelsmodel a non stationary time series which
after finitely many differences becomes stationary
If d is a non negative integer theng It NAMMA P d 9if

Xt I B d It is ARMACP9

This definitionimpliesthat an ARIMA Pid a model can
berepresented as

0CB Xt f B Et
B l B d Yt B Et

what is differencing actually doing
Shortanswer It eliminatestrend

But how Notation Yt l B Yt Yt Yt
82Yt l B 2 Yt

l B Yt Yt 1
Yt Yt 1 Ye i Yt z
Yt 24t I Yt 2



Remark If Yt exhibitspolynomialtrend of theform
Mt di ti then d Yt l B d Yt will
not have any trend

Example Mmmmm
Yt C t bt t Et where c bare constants

J Yt l B Ctbt t Et
C Bc t bt Bbt t Et Bet
c c t bt loftD t Et Et i

because it is aconstant

bt b t t b t Et Et i
b t Et Et i
b t t Et

Example

Yt C t bt t at 2 t Et
V Yt l B 2 Yt

l 2B 1B2 Yt
l 2B t B2 c bt ta EZ t Et
Ctbt tat 4 Et 2B Ctbt ta tat Et t B2CCtbt tat7Et



dthderivative
Contstant randomnoise

EXAMPLE CBecarefulwithoverdifferenciating

T b t T Et T b t t Et
F 2 Et

Et 2 Et i t Et 2
t youincorporatemoreerrors morenoise
Therefore more difficult to model

BREAK



HOWdo I choose d In otherwords howmany times
must I difference my time series before the result is
Stationary
Graphically Plot of the timeseries

47 It shouldn'texhibit trend
ItcouldStillhaveseasonality

OR

ACE Plot of the time series
Rapiddecay asopposed to slowdecay

Formally using unit roottests like the
augmentedDickey Fuller test

R function ndiffs

The Augmented Dickey Fuller test
often referred to as the ADFtest
Ho Timeseries isnt stationary t Thegeneratingfunctionroots

lie on or insidetheunitCircle
vs

Ha Time series is stationary t thegenerating functionroots
lie outsidethe unit circle

Idea Fit an ARCP model to the data and obtain the
estimates07 Ia Iz top anddetermine whether
these are consistent with what is required by the
stationarity conditions
The choice of p maybe determined by the user but
automated implementations of this test by default
chooseas largeas p as canbehandled bythe sampleside
Example ARG Yt 04T i t Et

Stationaritycondition 10121
Is consistent with thiscondition

Usinga test like this we choose d by iteratively Performingthetest This iteration determines the number of differences
necessary to make your resultant time series stationary


