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Main research goals: 

1. Identifying potential peculiar local effects of ground motion in Southern Italy
(e.g.apparent anelastic attenuation trends and event term distribution
with period)

2. Analyze the relative performance of regional, global, and global with
regional adjustments GMMs against a comprehensive dataset of ground
motions in Southern Italy

3. Verify whether regional adjustments regarding the seismic attenuation to
global models perform satisfactorily in this area
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Apprach:

1. Gather data from the Engineering Strong Motion (ESM) database,
(Lanzano et al., 2019; Luzi et al., 2020) for Southern Italy between recorded
between 1969 and 2020

2. Select GMMs to use in the analysis

3. Calculate total residuals, event terms, within-event residuals and identify
trends in the data
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Selected GMMs for this study

Data from Italy only, Europe, and worldwide (global)

Models with region-specific adjustments
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Database of recorded ground motions in Southern Italy

Engineering Strong Motion (ESM) database, (Lanzano et al., 2019; Luzi et al., 2020)

2 datasets: (1) preliminary (all data), (2) independent (only data NOT used to develop
thee GMMs

From Regina, Zimmaro, Taroni, Akinci (2023)

Data and Methods
Conclusions

and 
remarks

GMMs vs dataIntroduction Fragility curves



Paolo Zimmaro, Ph.D. 91/30/2024

Database of recorded ground motions in Southern Italy

From Regina, Zimmaro, Taroni, Akinci (2023)
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Residuals Calculation

1. Calculation of total residuals

2. Calculation of within-event residuals (εi)

bias
=0

event 
term

Within-event residuals

3. Calculation of standardized residuals (εlnZ) to compare models with different
std devs
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Residuals results (models without regional adjustment)

Overall faster anelastic attenuation with distance at RJB>80km
From Regina, Zimmaro, Taroni, Akinci (2023)
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Residuals results (models with regional adjustment)

Overall faster anelastic attenuation with distance at RJB>80km
Regional adjustments slightly improve the trend

From Regina, Zimmaro, Taroni, Akinci (2023)

Similar conclusions for the 2016 Central Italy 
L’Aquila (2009) earthquakes
(Zimmaro et al., 2018 and Stewart et al., 2012)

Data and Methods
Conclusions

and 
remarks

GMMs vs dataIntroduction Fragility curves



Paolo Zimmaro, Ph.D. 141/30/2024

Standardized residuals analysis 
(comparison of model with different std devs)

Overall:
- Means are negative 
(the GMM overestimates the observed 
intensity)
- Std Devs are >1 
(the GMM underestimates the variability of 
the observed intensities)
- Regional adjustments improve the trend
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Standardized residuals analysis 
(disaggregation of residuals for ITA18, same trend for all GMMs)

GMMs overestimate 
observations

GMMs underestimate 
observations
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Ground Motion Intensity Measure

Fragility curve
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28%

87.5%
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Empirical fragility curves
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Adapted from Kwak, Zimmaro et al. (2016)

From Kwak, Zimmaro et al. (2016)

PGV = 30 cm/s PGV = 120 cm/s

Damaged
1/5 = 20%

Damaged
3/5 = 60%
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From Kwak et al. (2016)

Can be used to determine vulnerability of a structure and/or an 
infrastructure system

Empirical fragility curves
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• In Southern Italy there is an anelastic attenuation faster than in
other regions (low quality factor (Q) effect?)

• Overall GMMs overestimate observed IMs at low intensities and
underestimate them at high intensities (unconservative?)

• Model variabilities are usually lower than observations’ variabilities

• Can fragility curves used as a tool to quantitatevily rank GMMs?

Conclusions
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