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Lecture 7-1: Univariate linear Models, periodic 
models, Thomas-Fiering model
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AR(1)

i.i.d gaussian, mu=0; sig=2 AR(1), mu=8, phi1=0.8



Models identification

The model identification phase requires determining the orders of the p-autoregressive and the q-moving average 
components.
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Summary table

Given a time series, compute and 
plot the sample autocorrelation 
function and check if
- Exp decrease à AR(1)
- Mixed damping from lag 1 

asymptotically to zeroàAR(p)
- ACF lag 1 <0.5 and then drops to 

zero then MA(1) 
- ACF becomes zero after lag q, 

then MA(q)



Model estimators based on the method of moments

AR(1) model ARMA(1,1) modelMA(1) model

Obvious given the 
type of ACF and the 
mean



Model testing and diagnostic

After model estimate, then :

1) Check if model correctly represent process statistics (obviously yes if 
calibration was done with method of the moment;

2) Use the model to decompose noise from the observed time series. 
Revert the equation, e.g., for an AR(2)

𝜀! = 𝑦! − 𝜇 − 𝜙" 𝑦!#" − 𝜇 −𝜙$ 𝑦!#$ − 𝜇 Here now y is the data

Reconstruct the series of the noise 𝜀!, and check if its serial correlation is zero 

YES, serial correlation of 
reconstructed noise is zero for all 
lags

FINISHED, model good to be used

NO, serial correlation of 
reconstructed noise is non zero for all 
lags

Model is not able to remove all serial 
correlation à change model

Always use models with as 
lowest order as possible
(parsimoniousness)



Modeling of univariate periodic time series



Periodic Autoregressive Models

Courtesy of P. Burlando



Courtesy of P. Burlando



Identification of time series models
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Model of univariate periodic time series
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Build this plot by comparing, 
for example, mean or total Q 
in February vs same Q in 
January for all available years

Repeat for all month pairs



Thomas-Fiering model
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Other techniques

• Reshuffling by swapping data
     conditions: 
     no lower frequency trends, 
     long enough time series

preserve serial correlation
     swap cycles

• Use time series from neighborhood 
gauging stations

      conditions: 
Catchments must have similar   

dynamics
      Size can be rescaled, but try 
maintain variance

Gorla and Perona, JoH 2013

Check this cycle, then swap years
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