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Relevance to Science of Signatures

* Infrasound is a ‘signature’ of energetic events
in the atmosphere and shallow crust

* Infrasound is the component of the CTBT
monitoring framework dedicated to
monitoring atmospheric explosions

* Infrasound is also used by U.S. monitoring
agencies for source characterization and yield
estimation
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Accounting for the dynamic atmosphere is the challenge we are addressing

Atmospheric Specifications (2010-01-01 00:00)
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Stochastic Models should be used for regional and global scales
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e Deterministic methods can work at local scales

* Atregional and global scales, atmospheric propagation should
be modeled stochastically
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The Utility of Global Stochastic Models
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Global Stochastic Models enable improvements to association, location,
discrimination, and yield estimation using infrasound data

Our LANL-developed tool, InfraPy, and associated products are enabling
the CTBTO monitoring mission and the missions of multiple U.S.
monitoring agencies
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Our LANL team is utilizing regional and global networks

International Monitoring
System (IMS) infrasound
network
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What do we mean by a Stochastic Model?

A statistical model representing the prediction of an important propagation
property that formally captures the uncertainty of that property

Celerity Distribution
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the ‘phase’ or propagation path
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We are building improved
models that use atmospheric
and propagation models
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LANL-developed association method uses a
novel combination of physics and graph theory

e Association: Identifying detections at different arrays from the same causative event

e Current analysis using crude priors is good for big events but poor for small events
detected at <6 arrays

Arrivals from real

events have much
higher connectivity

Association for 48 hour period including eruption of Kelud volcano, Indonesia on February 13, 2014
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Locating infrasonic sources with BISL

e Bayesian location
framework developed to
formally utilize
probabilistic models for
celerity and backazimuth
deviation

* Enables estimation of
confidence intervals

Location for eruption of Kelud volcano, Indonesia
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Global Stochastic Models: Enabling infrasound as a viable capability for the CTBT
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Infrasound from UTTR explosion
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Validating Travel-time/Velocity Models
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Stochastic Models improve Association false alarm rate

Probability of false alarm
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+ The 10-sensor false positive rate representing current capability is equal to that of 4
sensors using stochastic models
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BISL Location
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Stochastic Models Improve Location Precision

uniform prior (dashed),CRH-based prior (solid)
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Modeling Additional Parameters will provide
further enhancements to capability

We are working on developing models for other parameters:
— Backazimuth deviation — would improve location accuracy

— Transmission loss as a function of frequency — would improve
association false alarm rate and yield estimation accuracy

— Signal Duration — would improve association false alarm rate and yield
estimation accuracy
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LANL-developed framework for using infrasound data
to enhance Atmospheric Models
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e Research conducted under LDRD-ER project

balloon 4okm * Key innovation: Mathematical framework for using
infrasound from continuous sources with unknown
location to update atmospheric models.

e A ubiquitous continuous source is caused by
standing waves in the ocean (microbaroms)
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Exploring correlations of Microbaroms
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Our planned field experiment in Norway, 2015
Rogacevo
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Simultaneous Inversion of Source and Path

* Inprinciple, an inverse approach for updating the atmosphere can be formulated in the BISL framework where
adequate measurements exist

*  Such an approach would enable the full quantification of the trade-offs in model parameters for the first time

Problem consists of a series of data
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Summary

* Global stochastic models are the only way
currently developed to incorporate the
dynamic atmospheric effects for automatic
infrasound data processing

* Our LANL infrasound research team is leading
the development of these models and their
practical use

* For more details, see: ‘Locating Infrasonic
Sources at Regional and Global Distances’ by
Blom and Marcillo
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