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Abstract

This study aims at ping new ismic intensity ion models valid for

Italy by exploiting the most updated ismic dataset and earthquak 1 as

well as the information obtained from a critical analysis of the most recent models in the G O M A L 2 O 2 4

literature. Several different attenuation models have been calibrated as a function of the
moment magnitude (Mw) and epicentral distance from 16,260 intensity data points, that are
related to 119 earthquakes occurred after 1900. According to trends and residuals analysis,
the preferred calibrated intensity attenuation function is a Log-Linear model for epicentral
distance (R,,; in km) and a linear model for Mw as:

I(MCS) = 1.81 - 2.61LogR — 0.0039R + 1.42Mw

with pseudo hypocentral distance R = 4 /Ripi +(9.87)%; the estimated standard deviation is
0=0.75. Also noteworthy is another model for ismic intensity ion that
proved to be as good as the best model and shows higher sensitivity to physical parameters,
such as focal depth and magnitude, especially in the epicentral area. Performance of all
calibrated models was also checked on an independent set of 15 post-1900 Italian earth-
quakes. One of the results of the present work is the opportunity to define earthquake sce-
narios (e.g. probabilistic seismic hazard maps) in terms of Macroseismic Intensity and its
related standard deviation, avoiding the uncertainties due to the conversion of various
ground shaking parameters into intensity values.
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Calibration dataset

119 earthquakes [1908-2013] 16.260 IDPs (from DBMI1 5)
[3.8-7.1]Mw [3-11]MCS; [6-11]ImaXx

h<35km (from CPTI15) [0.1-634km]
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Key take-aways from GOMAL 2024

Two Mw-calibrated macroseismic IPEs

v'Log-Lin 10 — conventional log-linear attenuation; performs uniformly across the whole
dataset

v CRV9 - piece-wise curvilinear form; captures steeper decay at short distances and stronger
Mw sensitivity

Large, high-quality calibration flat-file
v"119 Italian crustal earthquakes (1908 — 2013)

v'16 260 macroseismic intensity data points (I 3-11, MCS)
v’ Epicentral-distance span: 0.1 - 634 km

v'Mw range: 3.8 -7.1



Key take-aways from GOMAL 2024

Validation highlights

v'Both models reproduce the global I-distance trend; CRV9 shows
lower residuals for Mw > 6.5 and Repi < 20 km.

Implications
v'Provides an updated empirical basis for Italian SHA

v'Flat-file (Calibration dataset) is open and ready for extended
distance-metric (Rjb) investigations



Flat-file is open and ready for extended distance-metric (Rjb)...

15 earthquakes-sources (from DISS, ITACA, etc) / 7.642 MDPs (Calibration Dataset Subset)

CPTI15
N | Year [Mo[Da[Ho[Mi| se | EpicentralArea  [MdpN|MdpN used [Imax| Latins | Lonins [ Depins|Mwins| ErMwins| Fonte [strike | Dip[Rake| Depth| uL_LAT | UL_LON | UR_LAT | UR_LON | LR_LAT [ LR_LON | LL_LAT | LL_LON
1 1908 12 28 04 20 27,00 Stretto di Messina 772 7597 11 71 | 0,18 |DISS 30 29 270 3-12,7 37,936 15,400 38,247 15,629 38,169 15,802 37,857 15,573
2 1913 06 |28 08 53 02,00 Calabriasettentrionale | 151 117 89 56 | 0,14 |Virtuale 358 45 -113 8 39,491 16,203 39,570 16,201 39,571 16,257 39,492 16,259
3 (1915 01 13| 06 52 43,00 Marsica 1041 8557 11 70 | 0,19 |DISS 135 60 270 1,5-14,9 42,074 13,520 41,896 13,759 41,847 13,693 42,025 13,453
4 1917 04 26 09 35 59,00 AltaValtiberina 134 113 9-10 57 | 0,16 |DISS 315 30 270 05-4 43,431 12,190 43,489 12,111 43,527 12,164 43,469 12,243
5 1918 11 |10 15 12 28,00 Appennino forlivese 187 1787 9 6,0 | 0,5 |Virtuale 142 45 -80 8 43,985 11,929 43,893 12,021 43,860 11,958 43,952 11,866
6 1920 09 07 05 55 40,00 Garfagnana 750 658" 10 65 0,17 |DISS 305 40 270 1-8,3 44,101 10,376 44,194 10,192 44,258 10,254 44,165 10,439
7 1930 07 |23 00 08 Irpinia 547 478710 (41,070 15360 14,6 66 | 0,16 DISS 280 64 237 1,5-15 40,977 15,639 41,025 15275 41,083 15,288 41,035 15,652
8 (1933 09 26 03 33 29,00 Maiella 325 3147 9 59 | 0,13 |Virtuale' 110 35 80 7 42,124 14,050 42,094 14,164 42,049 14,143 42,079 14,029
9 1936/ 10 18 03 10 Alpago Cansiglio 269 236" 9 |46,100/12,480| 13,0 58 | 0,14 |DISS 214 50 60 1,5-6,4 46,056 12,484 45981 12,412 46,002 12,367 46,076 12,440
10 1943 | 10 |03 | 08 28 29,00 |Ascolano 170 1447 9 58 | 0117 |DISS 150 35 90 4,5-8,7 42,973 13,675 42,912 13,723 42,884 13,659 42,946 13,610
11 1950/ 09 |05/ 04 08 Gran Sasso 386 3097 8 42,508 13,350 57 | 0,14 |DISS 76 75 135 12-17,8 42,507 13,401 42,529 13,520 42,515 13,524 42,494 13,406
12 1976 | 05 |06 |20 00 13,17 |Friuli 770 738 9-10 46,262 13,299 57 6,5 | 0,10 |ITACA = 290 30 105 5 46,193 13,225 46,242 13,030 46,308 13,064 46,259 13,260
13 1979 09 |19 |21 35 37,00 Valnerina 694 685 HD 42,730 12,956 58 | 0,10 |ITACA 150 42,834 13,050 42,732 13,130 42,703 13,047 42,806 12,973
14 1980 | 11 |23 |18 34 52,00 Irpinia-Basilicata 1394 1222710 40,724 15,414 12,0 68 | 0,10 |ITACA 315 60 -90 40,717 15,333 40,940 15,041 40,987 15,104 40,765 15,396
15 1984 | 05 |07 |17 50 Monti della Meta 911 836" 8 41,665 13,820 11,2 59 | 0,10 |ITACA = 152 50 -96 41,746 13,944 41,667 14,001 41,647 13,950 41,726 13,893

7642
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7642 MDPs (DBMI15)
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Parameter

Time span 1908 - 1984

Mw range 5.6-7.1

JBR distance range 0-596 km

Events containing | = 11 1908-12-28, 1915-01-13
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Residuals
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119 events-16.260 IDPs (from DBMI15)
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Residuals
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Residuals

4
3 - 119 events-16.260 IDPs (from DBMI15)
% T
1 N
|
m N
-1 :
g
-2 i
-3
- Log-Lin_10
4 119 events x 16260 MDPs
3 4 5 o6 7 8 9 10

Predicted Intensity(MCS)

Residuals

B Mean Residual

3

4

5 6 7 8 9 10
Predicted Intensity(MCS)

11



Between event
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Model Mean_eta
Log-Lin 10 — Epicentral 0,04
Log-Lin 10 —JBR -0,18
CRV9 - Epicentral -0,03

CRV9 -JBR

-0,29



Analysis In progress...

v'Rjb flat-file - 15 earthquakes / 7.642 MDPs - confirms that the
automated Rjb workflow is technically sound and reproducible.

v'Re-evaluating models with Rjb removes distance bias and
reduces T, but introduces a small negative global offset -
indicates that coefficients themselves must be re-calibrated for
the new metric.



Rjb Insights and Roadmap

Objective: derive distance-consistent coefficients for both IPEs.

Dataset: the complete GOMAL 2024 flat-file
* 119 events | 16 260 IDPs
 Compute both RJB and Repi for every record.

* Workplan:

* Fit Log-Lin 10 and CRV9 simultaneously on Rjb (primary) and keep Repi fit
for legacy comparison.

* Quantify new T, ¢ and distance-/Mw-dependent terms.

* Release the updated coefficients, the Rjb calculator, and the enlarged
flat-file as open resources for the forthcoming Italian IPE update.
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Model Mean_eta
Log-Lin 10 — Epicentral 0,04
Log-Lin 10 —JBR -0,18
CRV9 - Epicentral -0,03

CRV9 -JBR

-0,29



Strategy to Compute Joyner-Boore Distance (JBR)

Geodesic

Input Geometry Zero-km Rule Distance
Fault rectangle + | 500 pts/side > | If IDP € rupture | IDP outside >
JBR=0km min geodesic

7.6k IDPs LineString (Shapely)
WGS-84



