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Time Series

The foundation of time series analysis is stationarity. 

Strictly stationary
a)              , which is constant.
b) Joint distribution                        is invariant under time shift.

Weakly stationary / Covariance stationary
a)              , which is constant

b) Covariance                       , which only depends on 

Unit-root Non-stationary
is not fixed.
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Figure 1: British Pound 20 Years Daily Spot Rate
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Figure 2: First Difference British Pound 20 Years Daily Spot Rate
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AR Model

• AR(p) model form

• Property
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MA Model

• MA(q) model form

• Property
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Econometric Means

• has an important long-term implication for time 
series.

• For AR polynomials, the real-valued characteristic 
root shows an exponentially decaying feature. The 
complex characteristic roots imply the existing 
stochastic cycles, which could be approximately 
calculated by 

• The effect of a random shock would disappear for q 
time periods as MA(q).
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ARMA Models

• ARMA(p,q) model form

• Property

Neither ACF nor PACF does not cut off at any finite lag.

• SAS code
Four stages of ARMA modeling (Identification, Estimation, Model 
Checking and Forecasting).
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p or & q order identification 



Estimation, Model Checking and Forecasting

• Estimation

• Model Checking

Ljung_Box Q statistic

• Forecasting



Regression Model with Time Series Errors

• Durbin-Watson Test

• Regression model with AR(m)-GARCH(p,q) errors

• Regression model with ARMA(p,q) errors



Forward Market Efficiency
• Most literatures claim an empirical puzzle about the relationship 

between forward and spot foreign exchange rates. 
• Unbiased Forward Rate Hypothesis (UFRH) got evidence from the 

empirical regression on future spot rate with forward rate. The 
regression parameter beta is always significantly close to one. 

• On the other hand, the forward rate premium is often negatively 
correlated with subsequent changes in the spot rate at the significance 
level by monthly data. Fama (1984), Chiang (1988), Barnhart (1991, 
1999), Hai (1997) and Roll (2000).  

• Both popular results contradicted with each other.
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Econometric Specification

• There is no serial correlation problem for the monthly 
data, which fits the SUR model.

• By the daily data, equation 7 will be the regression 
with ARMA errors. 

• How to identify the order of ARMA errors?
Two-step identification
run regression and save error, then identify the error by ESACF.

Modeling
based on econometrics method, build model to identify the error 

structure. 



ESACF Identification



Modeling ARMA Error and Attenuation Hypothesis

• Moving Average Structure

• Attenuation
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Estimation Results



MA(22) Error Estimation 







Two Forecasting Senario



Unit Root Test

• Spurious Regression Problem, Granger & Newbold (1974) and 
Phillips (1986).

• Unit Root Test
Augmented Dickey-Fuller test (Dickey and Fuller, 1979)

Phillips-Perron Test (Phillips and Perron, 1988)







Cointegration

• Generally speaking, a linear combination of two         series leads to a 
new         series. 

• If a linear combination of two         series leads to a new    series,  the 
cointegration happens.

• Cointegration test
Do the unit root test on the linear combination of two series.
Johansen cointegration test.
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Error Correction Model

• Error Correction Model General Form:

• is named the error-correction term and the 
long-run equilibrium is represented by the coefficient  

• The deviations from       could be adjusted by the 
parameter    and    . The signs of them tell us the 
moving direction of      and    for the dynamic 
adjustment.
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ECM in the Forward Market

• Error Correction Model

• Threshold Error Correction Model
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Thank You!
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