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Introduction

Travelingionospheriaisturbance$TIDs) arewavelike fluctuationsof the electrondensityinducedby gravity
wavesin the neutralatmospherg¢Hines,196Q Francis,1974.
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V Period 30 minutes3 hours
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\O Observational technigues/instruments
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L \\O Observational techniques/instruments O/

x Satellites

A Swarm
O A Gravity Field and Steadystate Ocean Circulatidixplorer (GOCE)
A Challengingninisatellitgpayload (CHAMP)

O
1\\;x CDSSneasurement




Observati ons: Bef ore 1980060

Munro (195

V All these features are caused by
a same phenomena. That is TIL
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STRUCTURE SIZE

CHARACTERISTICS

EXAMPLE

IONOGRAMS
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QUASI-HORIZONTAL - TRACE
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SPREAD-F OCCURRENCE < MOVEMENT

IONOSPHERIC MODEL including MACROSCALE FEATURES Be
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Arecibo incoherent scatter radar (Nighttime)

V lonosphere above Arecibo has a well defined band like structure
where the F region as a whole is high and low.

V The height maxima show variatiapso 70 km.




Field aligned irregularities in the mid-latitude ionosphere (nighttime)

SNR {dB)

20

o
Y
©
tul
=
S
=
|-.
<
s
>
Ll
O
<

JAPAN STANDARD TIME ( hrs)




Continuedé |,

FCHO POWER ECHO POWER (dB)
‘ 40 y Turbulentionosphericohenomena the intensaonthermal

380 . oo -
scatter comes fronrregularities orientedoarallel to B.

Thestrongest echoes correspond to irregularities at least
20 dB strongethan thermalbackscatter at the same
frequency from typical F region densities at the same
range

RANGE (km)
HEIGHT (km)

These echoesccur during strongnid-latitude spreadF.

Thestrongest echoes occur in large patches whatikplay
away Doppler shifts corresponding to irregularity motion
upward and northward from the radar.
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Thepatches moved east to west in both cases at velocities
of 125 m/sand 185 m/s, respectively.

LOCAL TIME (hour)
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Ol 630 nm airglow emission peaks around 250km
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MSTID observation using 630 nm airglow emission
DetrendedT EC using multiple GPS receiver network
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(Kubota et al. GRL, 2000; Saito et al. GRL, 2001)



Continuedeé |,

Electrical structure of airglow depletion
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V | TheFregion Pedersermonductivity ismuch lower in these structures than outside asdggest
thatthis is related to a polarization electric field insid@e structure



Spatial relationship between MSTIDs and field aligned irregularities
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V Nighttime MSTIDs are associated with electric
field perturbations
V Mid latitude field aligned irregularities




Geomagnetic conjugacy of nighttime MSTIDs

(a) Sat Aug. 9. 2002 (630nm airglow)
a) Sata
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Longitudinal variation of the nighttime MSTIDs ‘
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V Nighttime MSTIDs and
sporadicEslayer occurrence
show a clear seasonal and
longitudinal variations



Propagation characteristics ofeslayer and MSTIDs
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Horizontal Propagation Speed of MSTIDs
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MSTIDs propagation characteristics

Arecibo, USA
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V' Most the observed nighttime MSTIDs are propagate V Most the observed nighttime MSTIDs are propagate
towards southwest in the northern hemisphere towards northwest in the southern hemisphere




General characteristics of the MSTIDs middle latitudes
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Seasonal variations of the MSTIDs occurrence

OCCURRENCE RATE OF MSTID Europe
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Nighttime MSTIDs occurrence show two peak

during the solstices over the American sector andV Only summer solstice maxima over Europe
Central Pacific.

V Daytime MSTIDs occurrence maximum during winter



Solar activity dependency of the nighttime MSTIDs
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Sources of the nighttime MSTIDs

1. Perkins instability
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V It takes few hours the instability to grow. In other
words, the growth rate is very slow.



Sources of the nighttime MSTIDs

2. Perkins instability and gravity waves
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V Growth rate increases but it could not explain the
directional preference of the MSTIDs



Sources of the nighttime MSTIDs

3. Eslayer instability and Perkins instability
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