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GOES 14 Satellite Image B
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TA stations
Seismometers
Pressure sensors

First studied by
Tanimoto & Valovcin (2015)
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Infrasound data for hurricane study

25 6
—— ERADS at TA.645A —— Pressure (0.1-200 s)

e ASOS — 5
E 20 Wind Tower p X u? o UJ? .
é ERAS5: Reanalysis global fluctuation wind - 4 gm
O 15 = climate model, 0.25° grid . 0.
= -3 =
7))
= 10 - . | E
g ° ’ [ J \\‘ [ ] (1] B 2 Q

C CEL

O | I | I I I | O

Aug 27 Aug 28 Aug 29 Aug 30 Aug 31 Sep 01

RO H e pootdiavienys Ifionitorie of the evWMintb o extnfSmpipding qu &t 1Hes

(e.g., wind speed, turbulence analysis, ...)



As hurricane passes the station.......
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As hurricane passes the station.......
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2 Wavelet spectrograms of infrasound & seismic data
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10 High coherence indicates local quasi-static response
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1 Interdisciplinary modeling

Atmosphere 0 U LES of Turbulence
Cloud Model 1 (CM1)
Hurricane
Bryan et al. (2017
boundary layer 1 km 1-hr simulation N =
A
(HBL) CM1 Ocean l
Hurricane center g?:;z?\gie on lind Surface pressure
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Seismic vertical
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Earth’s surface displacement
A
Small-domain Static Elasticity
Solid Earth Us Local quasi- Prqpagator
Flastic structure static response matrix method
600 m Gilbert & Backus (1966)




12 LES of Hurricane Boundary Layer (HBL) on land
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Large-Eddy Simulation (LES) of turbulent flow numerically solves
the low-pass filtered Navier-Stokes equation, together with
governing equations for pressure, temperature and moisture.

Similar workflow has been applied for Mars InSight mission to
estimate the noise level of seismometer (e.g., Murdoch et al. 2017).
Ours marks the first terrestrial effort to compare data. Bryan et al. (2017), Chen et al. (2021)




Turbulent origin of signals
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2. Infrasound data for turbulence analysis

1. Insights into Sorrells theory

Ji et al. (in revision)



14 Convection velocity of a turbulent field

Turbulent boundary layer “Wall pressure”  *
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Velocity is zero at the wall, but wall stress / pressure advects with U, (convection velocity)
“Shadow” of eddies at height where wind speed U = U, = 0.6 U,

Sorrells theory: “Pressure wave speed” ¢ = U,

Similar in Mars application, where ¢ = 0.5 U, work best for Sorrells results (Murdoch et al. 2017)



10> 4 Inertial subrange
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Turbulent spectra from wind tower and infrasound

Streamwise velocity PSD
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Suu(f) = o f_5/3

Dissipation rate € is a key parameter describing the
turbulence statistic, and contributes to an important

energy source for hurricanes. (Bister & Emanuel, 1998)

Pressure PSD
1 el., 4/3 _
?Spp(f) = Qp o / /3

Kolmogorov (1941), Obukhov (1949), George et al. (1984) ...



Continuous monitoring of hurricane landfall
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Infrasound data as
proxy of surface wind
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Turbulent pressure
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Surprise #1: Seismic stations record in-situ data of Hurricane Issac after landfall

Distinct seismic ground motion contributed by ocean and atmosphere

Surprise #2: Turbulence explains the seismoacoustic signatures (in the atm. band)

Interdisciplinary modeling framework to explain observations

Surprise #3: Potential of seismoacoustic stations for environmental monitoring

Station networks with years of continuous data, especially infrasound

Thanks to Stanford Virgil Kauffman

Fellowship for interdisciplinary research



