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Example Conclusions

The following example, lightly edited from (Bodenmann et al., 2024), has notes to indicate each
paragraph’s scope. Add labels like this to your own draft paper’s paragraphs to check whether

you stay on topic within each paragraph.

Example

Bodenmann, L., Baker, J]. W., and Stojadinovi¢, B. (2024). “ Accounting for ground motion uncertainty
in empirical seismic fragility modeling.” Earthquake Spectra, 40(4), 2456-2474.

[ Restate the scope and approach ] This study explored the role of ground motion intensity measure (/1)
uncertainty in estimating fragility function parameters from damage survey data collected after
earthquake events. Traditional estimation methods do not account for such uncertainty. To address
this shortcoming, we proposed a Bayesian estimation approach that simultaneously considers
IM values and fragility function parameters as uncertain variables. We derived an expression for
their joint distribution conditional on the gathered damage data. For parameter estimation, we

approximate this posterior distribution through Markov Chain Monte Carlo sampling.

[ Summarize the findings] We applied the proposed method to damage data collected after the 2009
L’Aquila earthquake and to synthetic data with known properties. The L’Aquila data consists
of 56,400 residential masonry buildings, categorized into six building classes, for which overall
damage is described in six categories ranging from no damage to collapse.

We used both data sets to compare the Bayesian parameter estimates with estimates from a
traditional, fixed IM, approach. The two methods produce surprisingly different fragility functions,
with those from the fixed IM approach being flatter than those from the proposed Bayesian
approach. The flatter fragility functions predict higher probabilities of damage for low IM values
and, conversely, lower probabilities for high /M values. Such behavior is observed across all
damage states and building classes. By fixing IM values to best-estimate values, the variability of
the actual, unobserved, IM values manifests in an increased apparent dispersion in the estimated
fragility functions. The proposed Bayesian approach, on the other hand, explicitly accounts for
both variability sources and performs joint inference on IM values and model parameters, thereby
preventing such inflation of fragility function dispersion.

The proposed Bayesian approach is also less sensitive to the choice of ground motion and spatial
correlation models used to derive the distribution of /M conditional on station data (i.e., the
ShakeMap) than the traditionally used method, which relies on fixed IM values. This reduced
sensitivity is a significant advantage, as the M predictions from any given ground motion and
spatial correlation model are not “correct,” as must be assumed with the fixed IM method. The
proposed method of jointly estimating the M values and fragility parameters yields more robust
estimates with respect to these modeling assumptions.
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The proposed Bayesian approach poses computational and memory demand challenges. The
computational infrastructure used herein enabled inference for 14,000 data points. While the
proposed method requires additional analyst effort and more computational resources than the
traditional estimation method, the required effort is still vastly smaller than the time and cost
of inspections to collect the damage data, and thus a good investment given the extra value it
provides.

[ Discuss broader implications] While the presented work focuses on IM uncertainty, the proposed
method can be extended to account for uncertainties in other model inputs, such as missing
database entries. The technique could also be adapted to fragility models that have different
dispersion parameters for each damage level and depend on building characteristics in a more
complex manner than the commonly used categorization into pre-defined building classes. Despite
these opportunities for further research, the novel estimation method can already be of substantial
benefit for analysts interested in improved empirical fragility modeling. For the above reasons, the

method’s presented comparative advantages justify its increased computational complexity.
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