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Introduction

• Review several methods to deal with data subjects (in some periods) with high
volatility.

• Select automatic additive outlier detection.
• Apply three different approaches to compute trends and cycles:

• Hodrick-Prescott (HP),
• Christiano-Fitzgerald approximation and
• Harvey and Trimbur (2003) approach.

• Apply to GDP, Industrial Production (IPI) and Employment (EMP) data for Euro Area.
• Additive outliers found in

• 2020M4 and 2020M8 for monthly IPI and
• 2020Q2 for GDP and Employment quarterly data.

• Results indicate reliable trend and cycle estimates during the COVID-19 crisis.



Dealing with COVID-period values

• Additive outliers: 𝐴𝐴𝐴𝐴 𝑡𝑡0 = �1 𝑡𝑡 = 𝑡𝑡0
0 𝑡𝑡 ≠ 𝑡𝑡0

• Level shifts (LS):  

• Transitory changes (TC): 

• Best choice in simulations and empirical applications is AO: 
Y_t=y_t+wI_t (t_1 ) where Y_t series of interest, t_1 is the unknown location of the 
outlier, and w denotes the magnitude of the outlier. Trends and cycles applied to 
y_t.

𝐿𝐿𝐿𝐿 𝑡𝑡0 = � 0 𝑡𝑡 ≥ 𝑡𝑡0
−1 𝑡𝑡 < 𝑡𝑡0

𝑇𝑇𝑇𝑇 𝑡𝑡0 = �𝛼𝛼
𝑡𝑡−𝑡𝑡0 𝑡𝑡 ≥ 𝑡𝑡0

0 𝑡𝑡 < 𝑡𝑡0



Trend and cycle decompositions
• Hodrick-Prescott (HP)

y_t = ψ_t + τ_t
The two-sided HP (HP2s) filer estimates the trend component by solving a minimization 
problem.

• Christiano-Fitzgerald approximation
𝑦𝑦𝑡𝑡 = 𝑥𝑥𝑡𝑡 + 𝑜𝑜𝑡𝑡
𝑥𝑥𝑡𝑡 = 𝐵𝐵 𝐿𝐿 𝑦𝑦𝑡𝑡

• Harvey and Trimbur (HT)
𝑦𝑦𝑡𝑡= 𝜇𝜇𝑡𝑡 + 𝜓𝜓𝑡𝑡 + 𝜖𝜖𝑡𝑡 𝜖𝜖𝑡𝑡 ∼ 𝑁𝑁 0,𝜎𝜎𝜖𝜖2

𝜇𝜇𝑡𝑡 = 𝜇𝜇𝑡𝑡−1 + 𝑣𝑣𝑡𝑡−1
𝑣𝑣𝑡𝑡 = 𝑣𝑣𝑡𝑡−1 + 𝜉𝜉𝑡𝑡 𝜉𝜉𝑡𝑡 ∼ 𝑁𝑁 0,𝜎𝜎𝜒𝜒2

𝜓𝜓1,𝑡𝑡

𝜓𝜓 1,𝑡𝑡
= 𝜌𝜌 𝑐𝑐𝑐𝑐𝑐𝑐 𝜆𝜆 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

−𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝜓𝜓1,𝑡𝑡−1

𝜓𝜓 1,𝑡𝑡−1
+ 𝜔𝜔𝑡𝑡

0 , 𝜔𝜔𝑡𝑡 ∼ 𝑁𝑁 0,𝜎𝜎𝜔𝜔2



Empirical Applications

Data from Eurostat:
• EA IPI in the period 1991M1-2022M02.

AO in 2020M4 and 2020M8.

• EA GDP in the period 1995Q1-2022Q1.
AO in 2020Q2

• EA EMP in the period 1995Q1-2021Q4.
AO in 2020Q2



Empirical application: EA IPI trend estimates



Empirical application: EA IPI cycle estimates



Empirical application: EA GDP trend estimates



Empirical application: EA GDP cycles estimates



Empirical application: EA Employment trend estimates



Empirical application: EA Employment cycles estimates



Conclusion 
• The paper presented an empirical comparative analysis based on 

• a number of trend-cycle decomposition methods, 
• alternative outlier configurations and
• variables available at different frequency and with different degrees of volatility.

• The results obtained tend to exclude the use of outliers configurations affecting 
temporarily or definitively the level of the series
• Transitory change
• Level shift

• The simple use of two additive outliers in 2020 for monthly data and just one for 
quarterly data seem to provide most reliable results.



Thank you!



Case 1: normal DGP

𝑦𝑦𝑡𝑡 = 𝜇𝜇𝑡𝑡 + 𝜓𝜓𝑡𝑡 + 𝜖𝜖𝑡𝑡 𝜖𝜖𝑡𝑡 ∼ 𝑁𝑁 0,𝜎𝜎𝜖𝜖2

𝜇𝜇𝑡𝑡 = 𝜇𝜇𝑡𝑡−1 + 𝑣𝑣𝑡𝑡−1

v_t=v_(t-1)+ξ_t      ξ_t∼N(0,σ_χ^2 )

𝜓𝜓𝑡𝑡
𝜓𝜓∗

𝑡𝑡
= 𝜌𝜌 𝑠𝑠𝑠𝑠𝑠𝑠 𝜆𝜆 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

−𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝜓𝜓𝑡𝑡−1
𝜓𝜓∗

𝑡𝑡−1
+

𝜔𝜔𝑡𝑡
𝜔𝜔𝑡𝑡∗

,
𝜔𝜔𝑡𝑡
𝜔𝜔𝑡𝑡∗

∼ 𝑁𝑁 0,𝜎𝜎𝜔𝜔
2 0

0 𝜎𝜎2𝜔𝜔∗

λ=0.20; ρ=0.90; σ_ξ^2=0.05; σ_η^2=0.05 and σ_ϵ^2=0.025

See Koopman, Lit and Lucas (2016)

Annex



Case 2: Additive outlier 

𝐴𝐴𝐴𝐴 𝑡𝑡0 = �1 𝑡𝑡 = 𝑡𝑡0
0 𝑡𝑡 ≠ 𝑡𝑡0

Break in the series

Annex



Case 3: Level Shift 
𝐿𝐿𝐿𝐿 𝑡𝑡0 = � 0 𝑡𝑡 ≥ 𝑡𝑡0

−1 𝑡𝑡 < 𝑡𝑡0

Annex



Case 4: Transitory change 

𝑇𝑇𝑇𝑇 𝑡𝑡0 = �𝛼𝛼
𝑡𝑡−𝑡𝑡0 𝑡𝑡 ≥ 𝑡𝑡0

0 𝑡𝑡 < 𝑡𝑡0

Annex



Econometric analyses and database management related to Principal European Economic Indicators (PEEIs) - Contract ref: 2019.03.07

Case 5: All

Annex



Empirical application: EA IPI, HP2s

Annex



Empirical application: EA IPI, adj-HP1s

Annex



Empirical application: EA IPI, AC-HP2s

Annex



Thank you!
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