
Macroseismic intensity attenuation models calibrated in Mw fot Italy

A.A. Gomez-Capera

Roma, 30.01.2024



• State-of-the-art

• Method

• Data

• Results
üThe best regressions assuming h as free parameter
üSensitivity analysis
üResiduals

• Validation 
üMAE
üBW97



State-of-the-art







Method: Howell and Schultz (1975)



119 earthquakes [1908-2013]
[3.8 -7.1]Mw

h<35km (from CPTI15)

16.260 IDPs (from DBMI15)
[3-11]MCS ; [5-11]Imax

[0.1-634km]

Data



Examples 
of Events Excluded
in the Calibration Process



Examples 
of Events Excluded
in the Calibration Process



Examples of Events Used















Histograms and distribution of the input data in the calibration dataset



Type 1 model Log-Lin_10

I = 1.81-2.61LogR-0.0039R+1.42Mw

R=(R2
epi+9.872)1/2

s=0.748

Results: The best regressions assuming h as free parameter



LogI = 0.032-0.19LogR-0.0003R+1.36Mw
       I = 1.08R-0.1910-0.0003RMw1.36

R=(R2
epi+8.722)1/2

s=0.731

Type 2 model CRV9

Results: The best regressions assuming h as free parameter



Varying the pseudo focal depth (h=5km and 16km – Type 1)

Mw=7.0 Mw=6.0



Mw=5.0 Mw=4.0

Varying the pseudo focal depth (h=5km and 16km – Type 1)



Mw=7.0 Mw=6.0

Varying the pseudo focal depth (h=5km and 16km – Type 2)



Mw=5.0 Mw=4.0

Varying the pseudo focal depth (h=5km and 16km – Type 2)



Comparison of the slopes



Residuals







Type 1 model Log-Lin_10

119 earthquakes [1908-2013]
[3.8 -7.1]Mw
h<35km (from CPTI15)



Validation: Data
15 earthquakes [1910-2017]

[4.2 -6.3]Mw
h<35km (from CPTI15)

4.533 IDPs (from DBMI15)
[3-10]MCS ; [5-10]Imax



Validation: MAE & BW97 (Residual Analysis)

i. Mean Absolute Error,  Mak et al. (2015)
(About Prediction Macroseismic Intensity)

ii. Mw from IDPs and IPE (Bakun and Wentworth, 1997)
(About Prediction Macroseismic Mw)



MAE  (Mak et al., 2015)

Median
 

Log-Lin_10, CRV5, CRV9, CRV16: 0.6
           

            PAS (Pasolini et al., 2008): 0.9 



Mw from IDPs
using Bakun and Wentworth (1997) and the IPEs calibrated in Mw

Median of all events-based Abs. Res 
Log-Lin_10, CRV5, CRV9, CRV16: 0.2

            

Comparison with Mw  (Instrumental from CPTI15, Diamond blue)



Event not used in calibration set
Mw=5.92±0.07 (CPTI15) 

Median of all events-based Abs. Res 
Log-Lin_10, CRV5, CRV9, CRV16: 0.2

            
PAS(Pasolini et al., 2008): 0.3 

Comparison with Mw  (Instrumental from CPTI15, Diamond blue)



Event not used in calibration set
Mw=5.92±0.07 (CPTI15) 



Event not used in calibration set

2002.09.06; Earthquake Parameters in CPTI15
Mw=5.92±0.07 (Instr) 
Mw= 5.11±0.11   (macroseismic)

Mw in the present study using

IDPs (DBMI15, Azzaro et al.,2003), 

IPE (Log-Lin_10) and BW97 method:                                    

Mw=5.8±0.2



Preliminary analysis of the possible correlation between model residuals and broad 
scale seismic site conditions 

Input 16.260IDPs + raster Vs30 map with spatial resolution of 50 x 50 m defined  in Mori et al. (2020) 



Conclusions
We have an updated calibration dataset



Conclusions

Mw=7

I = 1.81-2.61LogR-0.0039R+1.42Mw
R=(R2

epi+9.872)1/2 

1. A "classic" attenuation model 
and we consider it as the first option: 

A second model as an alternative (CRV9), with a different function, 
which is more sensitive in the epicentral zone for Mw>6 events, but 
which on average (Distance >10km) has a similar performance to 
the classic model (Log-Lin_10)

I = 1.08R-0.1910-0.0003RMw1.36

R=(R2
epi+8.722)1/2 s=0.73

s=0.75

Two IPEs are calibrated Mw and are validated



For the two proposed models, a sensitivity analysis is 
performed by varying the depth (H=5 and 16 km), simplifying 
the functional that considers only geometric attenuation and 
eliminating large epicentral distances in the input data.





Materiale complementare
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