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Reviewing the previous class

A time-series is strictly stationary is
the probabilistic behavior of each set
of values {xt1, xt2,…, xtk} is identical to
same set displaced on time; i.e.,
{xt1+h, xt2+h,…, xtk+h}

) P (xt  c) = P (x2  c)
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A weakly stationary time-series xt is
a finite variance process such that:

• E (xt) = ut = u
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• E (xt1 , xt2) = E (xt1�h, xt2�h)

1

A stochastic process is a martingale if: • E (xt+1|x1, x2, . . . , xt) = xt

1
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̶ Simple linear regression:

Reviewing the previous class

yt = ↵+ �xt + ✏t

1
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Reviewing the previous class
̶ Gauss-Markov Theorem:

1. There is a linear relationship between X
and Y

2. No multicollinearity (X is linearly
independent)

3. E(ε|X) = 0. Equivalently E(Y) =Xβ
4. E(εε′|X) = σ2I. Errors are homoscedastic

and there is no autocorrelation.
5. X and ε are unrelated. Cov(Xε) = 0
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̶ Evaluation of regressions:
1. F-test.
2. T-test.
3. Coefficient of determination R2.
4. Adjusted-R2 (R2adj).
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• Stationarity, Unit root, Box-Jenkins methodology, ARIMA.

Lecture 2

Unit Root and 
Autoregressive models
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̶ Let’s consider the following AR process:

̶ Iteratively:

1. If 𝜙 < 1⇒ 𝜙!→0 (as 𝑡 →∞) shocks gradually die away
2. If 𝜙 = 1 shocks persist
3. If 𝜙 > 1 shocks becomes more influential (𝜙 < 𝜙" < 𝜙# …)

The impacts of shocks
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̶ Mathematically, the stationarity arises when Module of the roots
from the characteristic polynomial should be greater than 1.

̶ If the process has unit root (non-stationary) we just need to
differentiate the process once.

̶ In general, if the process has unit root with multiplicity d, we just
need to differentiate the process d times.

Assesing stationarity: unit root
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Integrated process
̶ An Integrated process is a non-stationary process, which can be
transformed to a stationary process by differentiating.

̶ The sequence xt is integrated of order d, I(d), if it requires to be
differentiated d times to become stationary.

̶ All Integrated Processes are non-stationary, but not all non-
stationary processes are integrated

̶ So if yt ∼ I(d) then ∆dyt∼ I(0).
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Unit root test: the Dickey-Fuller test
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Unit root test: the Dickey-Fuller test
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AR(p) models

̶ Where xt is an stationary time-series and each ∅!constant.

̶ AR(1): 

̶ Stationarity of AR(1): ∅<1

Ejemplo Proceso Autoregresivo de Orden 1: AR(1)

En un procesos AR(1) la variable xt queda únicamente por su valor pasado
xt�1:

xt = �xt�1 + ✏t (13)

donde como sabemos ✏t es un proceso de ruido blanco con media cero y
varianza constante �2, y � es un parámetro. Para verificar que el modelo
AR(1) es estacionario debemos probar que es:

(1) Estacionario en media

E (xt) = E (�xt�1 + ✏t) = �E (xt�1) (14)

Para que el proceso sea estacionario, la media debe ser constante y finita
en el tiempo, lo que implica:

E (xt) = �E (xt)E (xt) =
0

1� �
= 0 (15)

Por lo tanto, para que el proceso sea estacionario el parámetro � 6= 0.
Marcelo Villena Ch., PhD (UAI) ECO -TS101 23 / 70
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AR(1) simulation
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ARMA(p,q) models
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ARIMA modelling
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ARIMA modelling
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ARIMA modelling (forecasting)
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ARIMA modelling (forecasting)
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ARIMA modelling (forecasting)
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ARIMA modelling (comparison)


