ks on the gravity-acoustic
s observed during
EEOrNsS
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Brunt-Vaisala or buoyancy oscillations

Dispersion relation for gravity acoustic waves
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Figure 8.2 Plot of dispersion relation (8.42) for perpendicular

propagation (¥ = n/2 and y = 5/3).
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Atmospheric waves related to thunderstorms

The waves can be generated : sound waves - infrasound - gravity waves

H Fropagation not possible
W Acoustic cutoff frequency

"B Brunt vaisala frequency

Period _4
30mn 9 5mn 1s 0.05s 10 's
* ] ] | ] ] ]
GRAVITY WAVES ACOUSTIC WAVES
| |
infrasound | sound |
. . —+— . — >
10°® 1% wewaqp2 10° 10° 10°
Frequency

Gravity waves : Freguencies less than the Brunt-Vaisala frequency =
periods ~ 5 min ~ several hours
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Atmospheric waves from thunderstorms

Observations at ground

)y, pbarHz !
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* Quasi-monochromatic waves at the local Brunt
Vaisala frequency
* Propagation over hundreds of km

Curry Murty 1974, Grachev et al., 1995
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Gravity waves produced by thunderstorms
Mesospheric observations

View of Night Sky
Looking ESE from Bear Mt., SD
18 Aug 1999, 0418 UT

30 sec exposure

Phetometrics SenSys 400 #
5.7 mm /1.8 lens

720 nm red filter

University of Alaska

T fwgntfkaﬂy Expandmg
Gravity eRIpples

Crazy Horse . Custer, SD City Lights
Monument : -

LI R O S TS B M T

Gravity wave period of 10-11 min and wavelength 50-40 km.

» The gravity wave could be caused by quasi-periodic ringing at the tropopause due
to pumping by the buoyant air column in the convective cell below.
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Gravity wave from thunderstorms
In the upper atmosphere and ionosphere

» Penetration of gravity waves up to altitudes higher than 150 km
* When the clouds developed sufficiently in the vertical direction to reach the

height of the tropopause, gravity-wave oscillations in the vertical velocity above
the tropopause would develop.
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Figure 3. Vertical velocities as a function of ifﬁv\ww 5 ‘W
time at ten heights. The vertical bar at right
shows the reference veloclty scale. 0400
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Gravity waves in the ionosphere 08/16/2004

Increase of the critical frequency
of the F2 region when the number
of lightning flashes increases
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Galactic Radio
From GNSS Soiiitks e

Satellite Magnetic Field Lines ™~ ~

Traveling lonospheric
Disturbances(TID)

Disturbances Mapped
Gravity Waves Thermosphere from Conjugate
Hemisphere
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Lower :
Atmosphere

Tsunami

HUANG ET AL.
Reviews of Geophysics,2017
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IMPACT OF TYPHOON VONGFONG 2014 ON THE IONOSPHERE
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Conclusions and discussion

Gravity waves have been registered in the neutral atmosphere as well as
In the ionosphere.

Origin of them can be very different, but common feature is the impulsive
character of them.

The registrations have been done with ground based and satellite
techniques.

The waves associated with impulsive events have periods of several
minutes, from 3 to 30 in published case studies.

Group velocity from around 50 m/s through 300 up to 1000 m/s .

Main problem of the correlation of the events with satellite registrations is
time delay, which can be even up to tens of minutes.
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