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Motivation

ELFO Multistation Events: Spatial Distribution, 1-2011
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e Formulate a meteor-infrasound propagation model that

involves a strong-weak nonlinear to linear regime through an
anisothermal atmosphere that incorporates randomness from

gravity waves phenomenon.

e Apply this model to characterize the event: Given a recorded

CTBSI-*@%]n"F‘?ﬁi%’y, at a station, what is the source energy?
o Use model as prior to obtained data (e.g. SOMN).
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N-wave model: weakly nonlinear propagation
How do the source uncertainties propagate?
HAYNES/MILLET 2013+

Blast wave analogy
Ap/po >>1

Ap/po <<'1

Infrasound station

CTBTO SnT2017
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Example: Carancas Results (Isothermal case)
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Range < 100 km: Weakly Nonlinear propagation...

(a) Near-field perturbation
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(b) Ground pressure signature

0.5

... from 1D Euler equation

Approximation for the overpressure:

Ap(s)

Ap(so)

ao(s)po(s)
a0(s0)po(so0)

Ap(s) _
Ap(so)
Ap(s)
Ap(so)

A(s0)po(s)ao(s)
po(s0)ao(s0)A(s)

(1-+F(Ap(s0), 0, po, A)) "

Berci (2012)

Whitham approximation for the rays

CTBTO SnT2017 dt _
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Example: Carancas Results (Anisothermal case)
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Chelyabinsk Example: 146RU (random atmosphere)

% 104 Random Atmos. % 104 Ray Tracing
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Energy Estimates

Propagation model to relate energy at point so, Y(so), to energy at station Y(s).

[ anls) e Brls) 0(s) o)’
7(6) = (2206 28 = (2 i) i)

Y(s) = dels) (1 42+ Ap(s) (s))1, = /s 20(s0)” Ap(') 4

ds 2y po(so)so ao(s’)? Ap(so)

Ap _ Vaau(s) U(s)
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Energy Estimates

Source model: 7(sp) ~ ag(s0) VX, s~ VX

VX blast wave radius

Propagation model: Relate X (source) to Y(s) (station).
Y(s) ~ vVWap(sp)ao(s) 17(s0) Y(s0) %0 (s >> vV X)

W is purely dependent on atmospheric conditions.

v

100 km

2
¥E81o ég(%%%(s)) Y(so) = Y(s)=WX?2 s>>VX
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Probabilistic model

HAYNES/MILLET 2013

X = exp(0(Ve,pm, D, Cp)), fx = Aexp(—xA) A >0.
Uncertainty propagation - Find characteristics at station from
specified source locations in isothermal atmosphere.

HAYNES/MILLET 2017

Set Y =y, X = (yW)~'/2. Inverse problem - Find energy
estimates of source at unknown location in anisothermal random
atmosphere model.

W is independent of source
location

CTBTO SnT2017
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Carancas Example
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Future work

Quantify random contribution from gravity waves in
propagation model.

Strong/Weak nonlinear theory: Improve expressions for
transition point sp and duration 7(sp). Variation of sy by a
factor of 10 results in energy variation by factor of 100.

Inclusion of a linearity condition for nonlinear/linear
propagation matching

Apply model as a prior with data.
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