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Considering spatial correlation of multiple earthquake
intensity measures is of particular importance in loss
assessment of spatially distributed assets. Previous studies
have been shown that ignorance of the spatial correlation
of earthquake intensity measures causes significant impacts
on the results of seismic hazard and risk assessment of
spatially distributed systems. Although this subject has been
investigated in previous studies, the assumption of isotropy
is the main basis for existing studies. Considering the fact
that the assumption of isotropy is not valid in general, the
present study aims to investigate the assumption of isotropy
of intra-event residuals of peak ground velocity PGV and
peak ground displacement PGD. Moreover, this study
focuses on considering anisotropy on the modeling of the
multivariate random field of earthquake intensity measures.

In this study, the assumption of isotropy of intra-event
residuals of PGV and PGD is investigated implementing
a nonparametric statistical test. Using recorded data of
nine earthquake events, it is concluded that there is no
sufficient evidence to support the assumption of isotropy
and in general, the set of intra-event residuals of PGV and
PGD should be considered as the realization of anisotropic
random fields. Moreover, this study employs a non-separable
covariance model based on latent dimensions to investigate
anisotropic properties of spatial correlations and cross-
correlations of intra-event residuals of multiple earthquake
intensity measures (IMs). Two sets of IMs are considered
in the second stage of this study. The first set consists of
peak ground acceleration, velocity, and displacement values
and the second set consists of spectral accelerations at three
different periods. Data of ten earthquake events in California
and Japan are utilized in the second stage of the current study
to estimate the parameters of marginal and cross-covariance
models. Moreover, parameters of the covariance model of
regional site condition, which is considered as average shear
wave velocity of the top 30 meters of the soil profile (Vs30),
are obtained in order to investigate the effect of local sited
conditions on spatial correlations of IMs.

Investigations show that anisotropy properties of intra-
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event residuals of PGV and PGD are related to anisotropy
properties of site condition. In this regard, predictive
models are proposed based on obtained results in order to
simulate the correlated values of PGV and PGD considering
anisotropy. Moreover, using latent dimensions method,
it is shown that the maximum range and anisotropy ratio
of marginal and cross-covariance models of intra-event
residuals of IMs are correlated with those of Vs30 values.
Also, it is observed that the anisotropy direction of the
residuals of IMs is consistent with the anisotropy direction
of Vs30 values. Finally, predictive models are proposed to
obtain marginal and cross-covariance functions for different
sets of earthquake IMs considering anisotropy. Besides, the
effect of considering or ignorance of the anisotropy of spatial
correlations of earthquake IMs on the result of seismic risk
assessment and seismic resiliency assessment of spatially
distributed assets are investigated.

In the final step of this research, new deterministic
resilience metrics has been developed to overcome the
drawbacks of existing indices. Then using Bayesian
Network, the proposed resilience metrics are utilized along
with the proposed seismic hazard models in order to develop
a probabilistic resilience assessment methodology.

Keywords: Spatial correlation, Anisotropy, Seismic hazard
assessment, Latent dimensions, Resilience, Bayesian
Network
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