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SUMMARY

I. Title
Characteristics of the electron density irregularities in high latitudes and
their coupling with upper atmosphere

II. Purpose and Necessity of R&D

This project aimed at identifying the characteristics of the electron density
distribution and irregularities in the ionosphere and the underlying physical
processes. The ionosphere is affected by various factors including
ionosphere-thermosphere interaction, external energy input into polar
atmosphere, and E and F region coupling, but all the diversity in the
ionosphere has not yet been fully explained. Owing to the direct impact of
the ionosphere to the communication and navigation systems, the
importance of ionospheric investigation has been emphasized.

IlI. Contents and Extent of R&D

Our investigation of the ionosphere was conducted by the statistical
analyses and case studies of events using satellite and ground-based radar
observations. Using the Swarm data acquired in 2013-2014, we investigated
the plasma distribution in high latitudes in opposite hemispheres. The local
time, season, solar cycle variation of the activity of the irregularities in
middle latitudes was investigated by analyzing the Daejeon VHF radar
observation acquired in2010-2014. The manner of plasma bubble
occurrence in the equatorial region and its association with gravity wave
were investigated with observations of the Communication/Navigation
Outrage Forecasting System (C/NOFS) satellite in2008-2012. The association
of severe plasma depletion events observed in Northern America on June 1,
2013 with plasma bubbles and traveling ionospheric disturbance (TID) was
investigated. Finally, the cause of the extreme plasma depletions in the
equatorial ionosphere during the March 17, 2015 geomagnetic storm was
investigated using multiple satellite observation data.

IV. R&D Results

We found that the plasma density distribution in high latitudes is
significantly different in the opposite hemispheres during summer season.
Normally, plasma density is minimal in the 00-06 LT sector, but it was
maximal in the southern hemisphere during summer. The occurrence of
the irregularities in middle latitudes identified by the Daejeon VHF radar



showed a high occurrence rate in summer and an extremely low
occurrence rate in winter. However, their occurrence rate at different local
times showed a slight seasonal variation. For the manner of bubble
occurrence in low latitudes, we reached a conclusion that the
characteristics of seeding gravity waves are difficult to identify from the
observations of the manner of bubble occurrence. The emission depletions
over North America observed on June 1, 2013 were explained in terms of
bubbles, but our investigation showed that the phenomena were related
with TIDs. The extreme plasma depletions in the equatorial region observed
on March 17, 2015 were turned out to be caused by the uplift of the
ionosphere above satellite altitudes.

V. Application Plans of R&D Results

Knowledge of the characteristics and distribution of plasma density and
irregularities will be applied for the investigation of their creation
mechanisms and their effect on communication and navigation systems.



A2 =l ZleAe 4

o
il

A Hyof| A1 2013

%

Sobul e 7L o 5 <

e

A2

il

—_—

o
o

B

ks

=9

701—

A

ol

¥ OI 630.0 nm

gk

al
=

A 4 4 ZA71EFF (2015 3¢9 179)4]

—_—

o
o

)

L

Bl

15

=]

o Bel oy

=
=

EEN

- 3T
T =

A5 H AY2E2 YERY

21

23

24

] Se A B e

& o 3} 5

s

A6 AFpEIGAgel ] +=H

25



M1 & AME

2 970 2Re A7) Fejde] Ushis AxUE 20l ool oux §9

S8} ol WAL 9lEAl ol Zolch AAUE Aol
Wt Welo2 e adlSo] AgtHYnh A EEol 1 Fad AAUs

2 g4 Q=g [Kil et al, 2003], 8] XA #£F Aoz A]AH7]
Z50] Qe o ZAUA AR AAEE BRIl Uehddh 8] AR ZFA]Y
EAEY dlerE ARl 2uU], BEYolk, BF, 2AYALS 29 U2 Q1S9
Alotef] ¢F=0| [Makela et al., 2011; Maruyama et al., 2011; Nishioka et al., 2011;
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a2 3 AZo| o= FAI 2881 %, (a) spring (February, March, April), (b)
summer (May, June, July), (c) fall (August, September, October), and
(d) winter (November, December, January). S}QF8 8FA S0 T 240)|A] AL
&2 V1Y AIHE HERAT [Yang et al., 2015]

a2 3. A& = FAI &8l (a) spring (February, March, April), (b) summer
(May, June, July), (c) fall (August, September, October), and (d) winter
(November, December, January). 5}QFAH 8FAEOC  T=l4oA] AFRSH 4719 A|7H=

LEPACE. [Yang et al., 2015].
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BE1.OAAZES HENE A

ID Bubble Technique Observation Authors
spacing (km) year

1 201-640 Trans-equatorial HF 1971 Rattger [1973]
propagation

2 ~680 JRO incoherent scatterradar 1979 Kelley et al. [1981]

3 ~400 ALTAIR incoherent scatter 1979 Tsunoda & White [1981]
radar

4 ~50 JRO coherentscatterradar 1984 Hysell et al. [1990]

5 ~130 ALTAIR incoherent scatter 1990 Huang et al. [1993]
radar

6 ~200 ALTAIR incoherent scatter 2004 Hysell et al. [2006]
radar

7 370-1000 Sumatra coherent scatter 2004 Fukao et al. [2006]
radar

8  150-770 Sanya coherent scatterradar 2011 Lietal. [2012]

9  150-800 AE-E satellite 1976-1981  Singh et al. [1997]

10 ~100 AE-E satellite 1976-1979  Hei et al. [2005]

11 350-630 Taiyo satellite 1975 Ovaet al. [1982]

12 500-1000 C/NOFS satellite 2012 Huang et al. [2013]

13 100-300 All-sky imager at Cariri 2005 Takahashi et al. [2009]

14 100-500 All-sky imagerat CTIO 2009 Makela et al. [2010]

15 100-550 GPS TEC 2011 Buhari et al. [2014]
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