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Gaussian Random Field (GRF) assumption conditional to magnitude and location: the
covariance matrix of the spectral ordinates at the sites is needed.
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1. The GRF of the primary Sa (the same) at all
Sl the sites is known via a GMPE and a spatial
2 Sa correlation model of residuals.
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3. The joint distribution of all secondary Sa’at all the sites, conditional to the primary Sa’
and magnitude and location is known.
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MSPSHA result: distribution of the total number of exceedances of Sa thresholds at the
sites in a time interval.
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The variances of the exceedances were compared considering the thresholds at the
site with the same probability of being not exceeded in one generic earthquake (p).
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The variances of the exceedances were compared considering the thresholds at the site
with the same probability of being not exceeded in one generic earthquake (p).
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Conditional hazard allows to approximate MSPSHA defining only part of the
whole covariance matrix of the IMs. The other terms not directly assigned are
approximated in a known manner.

With respect to the explicit approach, CH causes an underestimation of the
variance of the number of exceedance of Sathresholds at multiple sites. In
relative terms, it does not exceed 20%, at least in the considered MSPSHA cases.

The amount of underestimation depends on the percentiles the thresholds
represent in the distribution of Sa in one generic (i.e., unspecified magnitude and
location) earthquake from site-specific PSHA.

Going all the way down to the risk (i.e., counting the number of failures) the
underestimation of the variances reduces.
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Fitting of a semi-empirical models starts with a database of assessed damages
for a typology damages and a ShakeMap.

Damages to some RC structures in the
2008 L’Aquila earthquake (M<6.1)
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Latitude

Using the ShakeMap to get information about the shaking intensity at the sites of
the damages can be used to develop a vulnerability model (e.g., lognormal).
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Not that easy! This is a missing data problem: the intensity at the sites are not known
except for a few, they are a random field. In addition, damages affect unknown PGAs.
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Very preliminary and incomplete!

Simulation
Bo, 51
Median PGA @ site

Distribution of the fragility parameters due to
ShakeMap uncertainty {,80, ,81}
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Semi-empirical vulnerability models are attractive, but the use of damage data in
conjunction with ShakeMap requires not neglecting the source of uncertainty in
the latter, which is derived from that of GMPEs.

Fortunately, the uncertainty model at the basis of ShakeMap is the same GRF as
in MSPSHA, so fully specified.

It is a missing data problem that is practically equivalent to an estimation
uncertainty problem with respect to the fragility parameters.

To account for such an uncertainty in (two-parameter) (semi-empirical) fragility
fitting shows not only a variance underestimation but also a bias that reflects to
the loss.
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