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Objectives

Recall the covariance coefficient for a 
bivariate data set

Define autocovariance coefficients for a 
time series

Estimate autocovariance coefficients of a 
time series at different lags



Covariance

𝑋, 𝑌 are two random variables. 

Measures the linear dependence 

between two random variables

𝐶𝑜𝑣 𝑋, 𝑌 = 𝐸[(𝑋 − 𝜇𝑋)(𝑌 − 𝜇𝑌)]



Estimation of the covariance

We have a paired dataset 

𝑥1, 𝑦1 , 𝑥2, 𝑦2 , … , 𝑥𝑁, 𝑦𝑁

Estimation of covariance  (cov() in R)

𝑠𝑥𝑦 =
 𝑡=1

𝑁 𝑥𝑡 −  𝑥 𝑦𝑡 −  𝑦

𝑁 − 1



Autocovariance coefficients

Autocovariance coefficients at different 

lags 𝛾𝑘 = 𝐶𝑜𝑣(𝑋𝑡, 𝑋𝑡+𝑘)

 𝑐𝑘 is an estimation of 𝛾𝑘 .

We assume (weak) stationarity



Estimation

𝑐𝑘 =
 𝑡=1

𝑁−𝑘 𝑥𝑡−  𝑥 𝑥𝑡+𝑘−  𝑥

𝑁

where 

 𝑥 =
 𝑡=1

𝑁 𝑥𝑡

𝑁



Routine in R

acf() routine (next video lecture)

acf(time_series, type=‘covariance’)



Purely random process

 Time series with no special pattern

We use rnorm() routine



What We’ve Learned

Definition of autocovariance coefficients 

at different lags

Estimate autocovariance coefficients of a 

time series using acf() routine


