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Hunsucker (Rev. Geophys., p293, 1982)

Categories of traveling ionospheric disturbances 

large, medium, small



Source of traveling ionospheric disturbances 

• Gravity waves from the lower atmosphere
tropospheric convection
jet wind streak (stratosphere/mesosphere)
typhoon, earthquake/tsunami, volcanic eruption 
secondary gravity waves by gravity wave dissipation 

• Gravity waves from auroral energy input
Joule heating 
Lorentz force 

• Ionospheric instabilities 
Perkins instability 
E-F coupling instability 
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Source of traveling ionospheric disturbances 



Prolss [JGR, 1993] 

Source of traveling ionospheric disturbances 



ionosphere 

atmospheric waves from below

sound waves: period <5 min 
compressional, local 

gravity waves (regional): 5min - several hours 
shear type, regional

tides (global): 6 hours – 1 day
shear type, global (earth size, resonance)

planetary waves (global): a few days – 16 days
shear type, global, Corioli’s force 



ionosphere

GPS satellite

GPS receiver

Dynamic variation of the ionosphere 
associated with Tohoku Earthquake/Tsunami

Tsugawa 
et al. 
(EPS, 
2011)

Sound waves and gravity waves



TEC perturbation after the Tonga volcanic eruption

d3

[Shinbori et al., Earth Planets and Space, 2022]



TEC perturbation after the Tonga volcanic eruption

Sunset terminator at 
a height of 300 km

Sunset terminator at 
a height of 105 km

[Shinbori et al., Earth Planets and Space, 2022]



Scenario of TEC and electric field perturbations in the ionosphere 
triggered by the Tonga volcanic eruption

[Shinbori et al., Earth Planets and Space, 2022]



Large-scale traveling 
ionospheric disturbances 

(LSTIDs) 
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Shiokawa et al. 
[JGR, 2002]
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Prolss [JGR, 1993] 



Shiokawa et al. [JGR, 2007] 



phase speed: 
~1100 m/s

impulsive JHs 
 TADs

continuous JH
 global heating

no conjugacy 

wave-wave 
interaction?

Shiokawa et al. [JGR, 2007] 



Fukushima et al. Earth, Planets and Space (2017) DOI 10.1186/s40623-017-0698-z

Brightness wave from midnight temperature maximum
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Source of traveling ionospheric disturbances 

• Gravity waves from the lower atmosphere
tropospheric convection
jet wind streak (stratosphere/mesosphere)
typhoon, earthquake/tsunami, volcanic eruption 
secondary gravity waves by gravity wave dissipation 

• Gravity waves from auroral energy input
Joule heating 
Lorentz force 

• Ionospheric instabilities 
Perkins instability 
E-F coupling instability 



International Space Weather Initiative (ISWI) UN/NASA/JAXA Workshop, 
Helwan, Egypt, November 6, 2010 (tutorial talk)

Medium-scale traveling 
ionospheric disturbances 

(MSTIDs) 



Kubota et al.(GRL, 2000)

Nightime Medium-Scale Traveling Ionospheric Disturbances (MSTIDs)

Saito et al. (GRL, 2001)



Shiokawa et al. (JGR, 2003a) 

MSTID statistics at Shigaraki and Rikubetsu



Shiokawa et al. (JGR, 2003a) 



Garcia et al. (JGR, 2000)

MSTID statistics at Arecibo, Puerto Rico 



daytime & nighttime 
MSTIDs



Daytime 
MSTID

nighttime 
MSTIDnighttime 

MSTID

Daytime 
MSTID

Otsuka et al. (AnnGeo, 2013) 

Daytime and nighttime MSTIDs
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(1) Southward motion of daytime 
MSTIDs    gravity waves 

(2) Northward gravity wave is 
filtered out by northward 
thermospheric wind in 
daytime.



Miyoshi et al. (JGR, 2018): MSTID simulation by the GAIA model   Equatorward-
moving daytime MSTIDs are caused by wind-filtering effect by daytime poleward wind. 
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Generation mechanism 
of nighttime MSTIDs at 

middle latitudes 
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electric current 
by neutral wind
J=σ(E+u×B)

wave 
k-vector
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(down) 
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geomagnetic 
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1. Ionospheric Perkins Instability 

height increase 
 low conductivity

height decrease 
 high conductivity

Perkins [1973]

height increase 

 conductivity decrease 

 upward ExB drift 

 further height increase

(similar to the Rayleigh-Taylor 
type instability)

k

Wavelength and propagation 
direction are arbitrary. 

Possible cause of MSTIDs



2．Gravity waves

ionosphere

atmospheric 
disturbances

gravity waves

MSTID

Possible cause of MSTIDs



Shiokawa et al. 
(JGR, 2003b) 

Actually, a DMSP 
satellite crossed 
above this MSTID 
and observed 
oscillating E-field 
with an amplitude 
of ~1 V/m



Shiokawa et al. 
(JGR, 2003b) 

Growth rate＝10-6(/s) , it takes 106(s) ~ 10 days to grow
 Linear growth rate is too small for the Perkins instability

Growth rate



Otsuka et al. (JGR, 2007)  
Simultaneous observation of Es layer and MSTID



Yokoyama et al. (JGR, 2009)  Simulation of coupling between E and F layers
・Es layer creates the seed of instability, and Perkins in F-region amplify it to create MSTIDs
・The southward neutral wind in the Es layer makes everything propagate southward.

Es

F



north
east

Vns
Vew

south
west

neutral wind

neutral 
wind

electron density 
140km

80km

140km

80km

Larsen et al. (GRL, 1998)  
Es layer observation by SEEK rocket campaign
The Es layer is made by tidal wind shear to collect ions 
in the shear region.   The wind becomes southward at 
the center of the Es layer.
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Inter-hemispheric 
coupling through 

nighttime MSTIDs at 
middle latitudes 



Otsuka et al. (GRL, 2004) 

Sata Darwin 



Shiokawa et al. (JGR, 2005) 



imager / FPI 
IS radar / VHF radar
GPS receivers 
ionosondes 

satellite E/B field 
measurements 

MSTID

E・F FAIE・F FAI
imager / FPI 
IS radar / VHF radar
GPS receivers
ionosondes  

conjugate FPIs+ imagers + radars + satellites + 
ionosondes + GPS receivers 

=  coupling processes (E and F layers and two hemispheres)

field-aligned current 
Poynting flux

F layer 
E layer 

MSTID



Narayanan et al. (JGR, 2018)

When the Electrified MSTIDs are observed by 
airglow imagers, Es layer is active at least one 
of the two hemispheres.  Es layer is the 
dominant controlling factor of the generation of 
nighttime MSTIDs. 
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camera

MSTID

Kawai et al., JGR, 2021, https://doi.org/10.1029/2020JA0290862021

First ground-satellite measurement of MSTID to find out E-field and density variation in the magnetosphere.
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Saito et al. (JGR, 1995) 

MSTID signatures in the electric field fluctuations observed by DE-2



Park et al. (JASTP, 2010)

MSTID signatures in the magnetic field fluctuations observed by CHAMP



Park et al. (JGR, 2009)

MSTID signatures in the magnetic 
field fluctuations observed by CHAMP



Clear anti-correlation between solar activity and nighttime MSTIDs

Takeo et al. (JGR, 2017) 

Shigaraki

su
m

m
er

w
in

te
r

Growth rate of Perkins Instability
νin is large at high solar activity



Global distribution of 
nighttime MSTIDs
- equatorial side -



summer winter 
Nighttime MSTID direction (summary)



Low-latitude boundary of mid-latitude MSTIDs

MSTIDs observed (top) and not observed (bottom) at Okinawa（MLAT=18N) . For 
the bottom case, the equatorial anomaly was observed in the south.  
 Equatorial anomaly crest can be a boundary of mid-latitutde nighttime MSTIDs. 

Shiokawa et al. (EPS, 2002) 



Narayanan et al. (JGR, 2015) 

Equatorward boundary of 
nighttime middle-latitude MSTIDs 
by equatorial airglow 
enhancement.

Low-latitude boundary of mid-latitude MSTIDs



Low-latitude boundary of mid-latitude MSTIDs

Collision between a nighttime MSTID and a plasma bubble
Otsuka et al. (GRL, 2012) 



summer winter 
Nighttime MSTID direction (summary)



period: ~40min, 
phase velocity: ~300m/s
evanescent in the 
mesopause region
 secondary gravity wave?
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Shiokawa et al. 
(JGR, 2006) 
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Fukushima et al. (JGR, 2012)



Fukushima et al. (JGR, 2012)

Occurrence of southward-moving MSTIDs at Indonesia (MLAT=10S)   GW-like features

High solar 
activity 

Low solar 
activity 



63

Moral et al. (JGR, 2019) 

TID observation by airglow 
imager and CHAMP neutral 
density

airglow
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Global distribution of 
nighttime MSTIDs
- poleward side -



summer winter 

Kubota et al. 
(2004) 



Aug.19, 2007
1010-1636UT 
(1910-0236LT)

630nm (ch.2) 

Paratunka, 
Kamchatka 

Shiokawa et al. (JGR, 2008) 



Shiokawa et al. (JGR, 2008) 





Tromsø
69.6 N, 19.2 E
MLAT=67.1N

Athabasca
54.7N, 46.7E
MLAT= 62.7N

Auroral zone 



occurrence rate

Half MSTIDs 
are SWward.  
The other 
half are 
eastward!

fossil after 
instability? 

Shiokawa et al. (JASTP, 2013)



MSTID oscillation associated with auroral disturbance
December 8, 2009  15-19 UT (16-20LT)
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NE-SW phase surface
Phase velocity： 42m/s,

Wavelength: ~178km
Oscillation at 1730UT
Velocity at the oscillation can

be 170m/s

Shiokawa et al. (JGR, 2012)



all-sky image

19.2°E

67.0°N

mapping image
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15UT 19UT
Dec. 8, 2009 15-19UT

42m/s

170m/s

091208 17:36UT
Shiokawa et al. (JGR, 2012)MSTID oscillation associated with auroral disturbance



Multi-event analysis of oscillatory motion of medium-scale traveling ionospheric disturbances 
observed by a 630-nm airglow imager over Tromsoe (Yadav et al., JGR, 2020, 
https://doi.org/10.1029/2019JA027598). 



Summary on MSTIDs 

• Nighttime MSTIDs are a prevailing feature of the ionosphere at 
middle and subauroral latitudes at 20-60 MLAT. 

• Nightime MSTIDs with NW-SE phase surface (northern 
hemisphere) is probably caused by E-F coupling and Perkins 
instability. 

• Nighttime MSTIDs at middle latitudes seem to be bounded by 
the equatorial anomaly at the equatorial boundary (~10-20 
MLAT). 

• Nighttime MSTIDs observed near the equator (~10 MLAT) show 
gravity wave features, propagating away from the highly 
convective tropospheric region  

• At subauroral latitudes, some nighttime MSTIDs show effect of 
penetrating electric field and gravity waves generated by auroral
energy input.  

--> Study to be continued.  
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