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Motivation and Goals
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• Extend the approach for identifying directive events from the frequency
domain (FAS) to the Spectral Amplitude (SA)

• Build a fully data-driven directivity model that can be used to predict
seismic ground motion, using a few number of independent parameters

• Quantify the contribution due to the source directivity effect into the
shaking scenarios for non-ergodic models

Earthquake directivity represents the focusing of the wave energy along
the fault in the direction of rupture propagation



Dataset with more than 35,000 seismic recordings from 2009 to 2018
https://doi.org/10.13127/CI_dataset/CI-SA_flatfile

460 stations 456 events 2

Dataset

https://doi.org/10.13127/CI_dataset/CI-SA_flatfile
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Dataset very well sampled in the
distance R [10-120 km] and magnitude
M [3.2-6.5]
Directive events are shown in yellow,
which represents about one third of
the total events

Dataset
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Fixed terms Random terms
from Sgobba et al. (2021)

Boatwright, 2007
𝑘 = 0.85
𝛼 = 0.50

𝑛 change with frequency

Aleatory variability linkedto the directivity effect

Method



4

SA values from 0.04 – 2 sec
M4 event of the 24 August 2016 at 23:22:05

a) T=0.1 s, b) T=0.5 s, c) T=1 s, d) T=2 s

Method
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• The coefficient of determination 𝐑𝟐 is greater than 0.50 for at least 10% of
the periods investigated

• The standard deviation of the angle of direction of propagation is smaller
than 20° in the same range of period

With the criteria we adopted in Colavitti et al. (2022):
 For FAS analysis, directivity events are 162/456 (35%)
 For SA analysis, directivity events are 175/456 (38%)

Selection of directive events
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Clear shift on directivity, defined
by 𝑛 factor, at characteristic
frequency bands

A normalization curve is required

Directivity Parametrization



6Narrow directivity band Broad directivity band

𝒏𝒎𝒂𝒙

Peak of directivity

𝑻 𝒏𝒎𝒂𝒙Period of thepeak of directivity

Directivity Parametrization



Spectral normalization via Gaussian Fit
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Directivity Parametrization

𝑐1 is the only parameter that
controls the shape of the
gaussian!

Gauss coefficients
𝑎1= 1 (Amplitude)

𝑏1= 0 (Median)
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In order to model 𝑐1 as a continuous function of
𝑛𝑚𝑎𝑥, we subdivided the dataset of directive
events based on the value of 𝒏𝒎𝒂𝒙

Directivity Parametrization
Modeling the bandwidth of the directivity effects
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The values of 𝒄𝟏 increase with 𝒏𝒎𝒂𝒙,
as expected, suggesting a linear fitting of the
empirical data

Directivity Parametrization
Modeling the bandwidth of the directivity effects
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Add events with 𝑴𝑾 > 5.2 worldwide with normal style

of faults according to the NESS2 catalogue (Sgobba et al., 2021)

Directivity Parametrization
Magnitude scaling of peak period
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Add events with 𝑴𝑾 > 5.2 worldwide with normal style

of faults according to the NESS2 catalogue (Sgobba et al., 2021)

Fully consistent with other studies

Directivity Parametrization
Magnitude scaling of peak period
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INPUT PARAMETERS
𝑴𝑾 (moment magnitude)
𝒏𝒎𝒂𝒙 (maximum directivity amplitude)
𝜽𝟎 (angle of maximum directivity)

1) Estimate 𝑻 𝒏𝒎𝒂𝒙 using linear relation with 𝑴𝑾 (extended using
pulse-like periods 𝑇𝑝 from the NESS2.0 database)

2) Gaussian distribution of log10
𝑇

𝑇 𝑛𝑚𝑎𝑥
as a function of 𝑛

𝑛𝑚𝑎𝑥
;

shape factor 𝐜𝟏 depends linearly on 𝒏𝒎𝒂𝒙

3) Calculate the azimuthal variation of the amplitude of the
motion using the directivity coefficient 𝐶𝑑, (angle of maximum
directivity 𝜃0, 𝑘 = 0.85 and Mach number 𝛼 = 𝑣𝑟

𝑐
= 0.50 fixed)

Workflow
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The final directivity-corrected prediction 𝒀𝒄𝒐𝒓𝒓 is obtained as:
𝑙𝑜𝑔10𝑌𝑐𝑜𝑟𝑟 𝜃,𝑇,𝑀𝑊,𝑛𝑚𝑎𝑥 ,𝑅𝐽𝐵 = 𝑙𝑜𝑔10𝑌 𝑀𝑊,𝑅𝐽𝐵 + 𝜹𝑫𝟐𝑫(𝜽,𝑻,𝑴𝑾,𝒏𝒎𝒂𝒙)
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FORWARD DIRECTIVITY

In the forward directivity cases, the correction factor due to the directivity source enhances the spectral
amplitudes and significantly improves the agreement between predicted and observed spectra

Results
Application to a real case scenario

Far-Field Near-Field
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NEUTRAL POSITION

The impact of the directivity correction for stations in the neutral position cases is negligible

Results
Application to a real case scenario
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BACKWARD DIRECTIVITY

In the cases with backward directivity, the prediction without the directivity correction tends to
overestimate the observed ground motion, while the application of our model yields a much better
match with respect to the observed spectrum

Results
Application to a real case scenario

Far-Field Near-Field



Overall, this improvement is systematic and consistent across the events analyzed in the Central Italy
The application of the directivity model consistently
reduces the 𝜎0 across all periods with an average
reduction of about 13%
For the directive events, the reduction of 𝜎0 is
stronger, with an average reduction of about 20%
across all periods

Results
Standard deviation assessment

14



• Application of the method to a larger and spatially wider database (e.g., ITACAext 2.0), including
seismic sequences from the last ~60 years and focal mechanisms other than normal faulting

• Extension of the period range to T > 2 s (up to ~10 s) to better represent large-magnitude events
• Introduction of fault geometry in the computation of event-to-site azimuths, moving beyond the

point-source representation
Development of a probabilistic description of 𝑛𝑚𝑎𝑥 and the occurrence rate of directive
events enabling the model to be integrated into a fully probabilistic PSHA workflow

We developed a fully data-driven model to parametrize the directivity effects into a GMM for
Central Italy using a few number of independent parameters

Future directions:

Conclusion and Future Developments
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Thank you for your attention!
Leonardo Colavitti, PhD

leonardo.colavitti@edu.unige.it

Colavitti et al. (2026) BSSA
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Comparison SA-FAS



Directivity correction



Comparison SA-FAS



Aleatory Standard Deviation

𝜎𝑡𝑜𝑡 = 𝜏2 + 𝜙2
𝑆2𝑆 + 𝜏2

𝐿2𝐿 + 𝜙2
𝑃2𝑃 + 𝝈𝟎


