BSPE16090-001-5

Study of the upper and lower atmosphere coupling through
4-dimensional observations for the northern polar atmosphere:
Polar upper atmospheric and space environmental changes

2017. 02. 28



_z_o
™
<
T FEE®
= o T8 Mo TR OR R OF N odom R oM T E ® do +
T TR TFATETXFTXTRT P oom o o
wm W MW NN NS R W R WWWW
_ mOE BT R LBFEIRT T ETE R BT W W
T o I ey — TE R T
) x b FORON BN PR STTYRW T oo A
i N < NN E H T kR E AT RRW W T oo B R
< & . e e
T .
=y 5
‘._umu,._ m —~ -5 0
UT._ ok X OF H
ol —~ W
N oF Ll - - -
CHEaY = B -
N TR 5 B
.ZT.C T N ia K o
_Z_Oﬂ dﬂ_ __AU Mﬂ
1
it
“I_I' m<x1r_A|
X %1
o
No
v
_Z_l
o)
o=
5 N
o T O
T iy
2 3
" <t
KO %wm
i

M- %wn
gy T N
I
X g

L
=
=2
7]

: Utah State Univ. (A #

“
“
“



HIA 25

. A 2015.03.01 ~ i .
oA e W & . WA TR | @REA) / (e
T 7| REZ Y
dTAE
A5 AL
= 4 A= =229 olsrtls A
BT ey | T 4D W7 A3 F3 8 g9 gl 4R 7
AT (#A: 374 TFU7I} $787 05 A7)
3 F . 249 ) 5 A4
S or S [} o o T
A7 A Ags | RRR e o | TR b A%
R LR - A: 44
A7 % 2 S e _
ol e Hol71949
=T e = T AT+5
CRIEA I =Rl A= AT7187 : EISCAT
CRIEA I A=A T7197 : JHU/APL
ATEAT | A= vl =9 7718% : NCAR/HAO
R I 4ti=<d7718% : Utah State Univ.
= A= d=A7718% : Clemson Univ.
A77189 - Edstn ATA YA g5t
A7) ;- A3 st ATHYA - HaY
A7) - AN ATA YA Y
A d T | e dddisa AFYA . o4
A7718% - AAtheka AT A4 =
A7) : JHU/APL AFAAA - HEA
AF713% . Utah State Univ. AFAYUA  AAHY
s
Qo Ei* 104
il
O g&= A7 A T AFAI=E 75
- W wRbH, 264 7Ry, FH A% EISCAT A9 goly 2217 3o
- F= AFHSIA S FrRaAS A FA4] 54 B ASh] AGRSAAE =
O A AFU7] FALA 3 AF g AT
- =4 AYA-GAAD Y B 54 A
o A Ade¥ Set=vt 2 i Ay
o A ATWI| ole-FAUA dEAE AT
o HgEEel wE 54 a3y WMt A
- SA A7IA-AAMD e deAE AT
o ozt WA S aFHr] W} ol
o AVHA-FA AEA 3 ARV A wg WAYSF FE AT
o HYFT-A7IA F=AEd A aIhr] ME A
- FA FHA-GAFE(MLT) 999 =24 54 A7
o 7]kl 2 = ST Wik o
o WA= WEtel ofF 54 aFhr] WE A
o FFA/AAUA JAF Fhel o7 FH4 nT-ASH] WME A
Vol ol g = | SALTW, SASFRE, T8, 22
Al
(7 574 °148) :
% ] | Polar upper atmosphere, Polar space environment, Space weather, Aurora




ald

Cg_]’:

|

5= 4-D W]

0

i

o
RH

oo

d77Nge]

III.

A

TH

JEi
<
)A
N

)

- THAS EISCAT &= dgd dojt ==

<]

)A
ir!

=

No

=K

=1

=4 AgA-24ddm) 9

- =A A7 -dgdMDe

7] W3} o

No

o=z wAN 34 @

g AT

=
=]

A7A-=A Adgd 3 AR A oA agk WAY

il

7l Ed Wstel 9

7] WMsh A+

=

A 3%-A4%



A7) =)

V.

s

TH

<]

Nr
N

Lo_l
o
do
_ZTI

Tt 71 A oF 29|l 7]l SA S H 7]

ir

e % 24

4 GPS TEC/Scintillation &1 ¥

s

)

o]

=

2
=4

f# g EISCAT A8d doly ZT=1

%
Mﬂ
o
_Zfl
e

G
&3

nr

&+
N

B/

xr
T
i
N
A
=

wK

oF
o
o
TH

<

)A
A

o

- S AFTA wE

A (SATD

€ GPS TEC/Scintillation XY ¥

=
al

7 A9 B
CEEEE X ]

74 2k

d

7

<
_Zg_i

e

=z Agd oy (VIPIR)

oy

&)

olo
_5 I
)

o}

wK

=]

YA oot

=] HAgH #=E GPS TEC/Scintillation XU H

ﬁo
B

=1

12]9-G AT

SEE

=K

A A7 A=A AMD 9
Sz A 4 1

—_L
=

7] W38} o]
A e ARV A g WAY

Mo

Wy AT

=
=]

A7 A5
o %

¢
<)

-

tf 7] gf-ell £

7] sl A+

=

A AF-A 5



d-&AE
AFEA e ZEA
T

V.

Nr

—_

s

E EEDE!

Els

9



I.

SUMMARY

Title

Study of the upper and lower atmosphere coupling through 4-dimensional

observations for the northern polar atmosphere: Polar upper atmospheric and

space environmental changes

II.

Purpose and Necessity of R&D

Investigation of the upper atmospheric changes via vertical coupling

processes in the polar space environmnets including the lower and upper

atmospheres (ionosphere), magnetosphere, and solar wind.

II1. Contents and Extent of R&D

@)

Ground-based observations for the upper atmosphere in the polar region

- Dasan station, Esrange/Kiruna (Sweden), EISCAT radar program
- King Sejong Station, Jang Bogo Station, Collaboration with NIPR

@)

Study of the vertical couplings in the polar upper atmosphere

- Polar ionosphere-thermosphere(IT) system

e Plasma density variations in the polar ionosphere
e Jon—neutral coupling in the polar upper atmosphere
e Upper atmospheric changes with solar activity

- Magnetosphere—-ionosphere(MI) coupling in the polar region

e Upper atmospheric changes in relation to the aurora

e Electromagnetic energy exchange between the magnetosphere and
1onosphere

e Solar wind and magnetosphere interaction and its relation to the polar
upper atmosphere

- Mesosphere and lower thermosphere(MLT) region in the polar region

IV,

* Atmospheric wave effects on the polar upper atmosphere

e FEffects of the atmospheric constituents on the polar upper atmosphere

e Atmospheric changes due to the cosmic ray and energetic particles
originated from the outer space

R&D Results

O Ground-based observation systems in the Arctic and Antarctica

Polar upper atmospheric observation system at Dasan station, Svalbard,



Norway and Kiruna, Sweden

Fabry-Perot Interferometer (FPI) for the thermospheric winds and
temperature and the ionospheric ion temperature measurements

Michelson interferometer for MLT temperature

GPS TEC/Scintillation monitor for ionospheric TEC and density irregularity
All sky camera for proton aurora

European incoherent scatter scientific association (EISCAT) radar

observations for the polar ionosphere

Polar upper atmospheric observation system at King Sejong Station,

Antarctica

Spectral Airglow Temperature Imager (SATI) for MLT temperature
Meteor radar for MLT neutral winds and temperature
GPS TEC/Scintillation monitor for ionospheric TEC and density irregularity

All sky camera for atmospheric gravity wave

- Polar upper atmospheric and space environmental observation system at

Jang Bogo Station, Antarctica

Vertical Incidence Pulsed Ionospheric Radar for various ionospheric
parameters in the polar region

Fabry-Perot Interferometer (FPI) for the thermospheric winds and
temperature

All sky cameras for proton aurora and atmospheric gravity waves

Search coil magnetometer for the magnetosphere

Neutron monitor for cosmic ray and energetic particles

GPS TEC/Scintillation monitor for ionospheric TEC and density irregularity

- Space environment monitoring system at Korea Polar Research Institute

O Vertical couplings between polar upper atmosphere and lower atmosphere or

space environment

- Polar ionosphere and thermosphere and ion—neutral coupling

Polar ionospheric density variations
Ion—neutral coupling in the polar region
Thermospheric winds and temperature

Ionosphere and thermosphere changes with solar and magnetic activities

- Magnetosphere and polar ionosphere coupling

Magnetospheric current and electric field and their effects on the polar
ionosphere

Aurora and its effects on the polar upper atmosphere

Solar wind and magnetosphere and their effects on the polar upper

atmosphere

- Mesosphere and lower thermosphere region in the polar region

_8_



e Atmospheric waves and their effects on the polar upper atmosphere

e (Changes of atmospheric components and their effects on the upper
atmosphere

e Cosmic ray and energetic particles and their effects on the polar upper

and lower atmospheres

V. Application Plans of R&D Results

O Provide a fundamental information of the polar upper atmosphere to the
spaceweather forecast model

O Obtain the international research network to develop a large observational
program in the polar region

O Establish a fundamental research infrastructure for the polar space

environmental and upper atmospheric sciences
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Fig. 1 Various physical phenomena in the Earth’'s upper atmosphere. The polar ionosphere
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Fig. 5 Atmospheric wave phenomena such as gravity waves,

planetary waves, and tides. These waves propagate upward to
affect the upper atmospheric dynamics.
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Fig. 7 Locations of the King Sejong Station (KSS) and Jang Bogo Station (JBS),
Antarctica. JBS is located in the polar cap region while KSS is located in the subauroral

region.

Fig. 8 Dasan Station (78" 55' N, 11° 56' E) and Kiruna, Sweden (67° 51' N, 20° 13' E) are
located in the polar cap and auroral regions, respectively.
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2ol r)# %= A B3 4= A (Won et al, 1999; Chung et al., 2000; Won et al., 2001;
Won et al., 2001; Chung et al., 2006).

Fig. 11 Spectral Airglow Temperature Imager (SATI) at KSS. It measures airglow emissions
occuring at the upper atmosphere to observe the temperature in the region.

gy o)A HAY SATIS A% SA7IZF Bk we & optolgt @3] 7}
AT LEE AHFHOR ‘4‘3""0}7] o= AZE vk olgld HE B
w7k #E5S Fdistry] g8 2007del = FEuista AT 4y 575

o2 A d ol (Meteor Radar: MR)&H= #371712 AlF 8t x] o] A X&)
712 Eoee FA4 To ¢ 707110km 2= nFUridA F
A5 FEol og npER EA flojAE ofbF #2 AV|e] §AE BFST) 9

JEolgta i Zdt=ul start AA A=Y, FAd s AAY)
& o] &ate] HtE o] FAE WhALEe] Fole e AT AEE wAA FH 7] viE

S

S eEE BAT 4 A AETL o] BAIIC FAREI G2 GF 2447, 14 365
A, @ zdo] daigle] A%HQ B3o] b5 d Bk ofeh, wEY] L% Sol= FA )
7] vpge] #Fo] 7bs 3t (Kim et al, 2010; Kim et al., 2012; Kim et al., 2013; Lee et al.,

2013; Lee et al., 2016).

Fig. 12 Meteor Radar at KSS utilizes an electromagnetic wave to observe meteor echoes in

order to measure the neutral winds and temperature.
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Fig. 13 All Sky Camera(ASC) at King Sejong Station, Antarctica. It measures airglow emissions
to observe the gravity waves in the upper atmosphere.

Fig. 14 All sky cameras to observe airglow emissions (top) and proton aurora (bottom) at
Jang Bogo Station, Antarctica. The proton auroral ASC is also operated in Svalbard,
Norway.
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AR 7 e =4 s o] @A7A AFAs A A aFd7IY] s E e ATl &85
Ak AR A ="e Al 7EA] BEE o] &3te] 87km, 92km, 250km LIl Al A&}
71 gs #Setn Aded, AE7IA FHS 1 AY 4 di7] SEae A E ] v
T Aoz d#A Ao FHd give AS5ES T gk A9 HAA e
O‘E}(Kam et al., submitted). &= AFHsH7| A= 714 EFA(SATD, 4@7}1?1]3}
(ASC), +4d°ltl(MR) 59 #5355 &3 1L3d7] T4 2 99 shioAe vds &
2 gl 3k A= st It (Chung et al., 2011; Jee et al., 2014).
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Fig. 15 Fabry-Perot Interferometer installed at Jang Bogo Station, Antarctica in March 2014 to
observe the neutral winds and temperature in the polar upper atmosphere.
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Fig. 16 Vertical Incidence Pulsed Ionospheric Radar (VIPIR) installed at Jang Bogo Station,

Antarctic in Feb. 2015 to monitor the polar ionosphere.
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Fig. 17 Search Coil Magnetometer installed at Jang Bogo Station, Antarctica in Feb. 2016 to
observe the Earth’s magnetic field in the polar region.

Fig. 18 Neutron monitor has been installed at Jang Bogo Station, Antarctica in the 2015-2016

summer season and it will be completed in the 2017-2018 summer season.
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Fig. 20 The Dasan Station is situated at Ny-Alesund (78 55' N, 11° 56' E), on the high Arctic
island of Spitsbergen, part of the Svalbard Archipelago.
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Fig. 21 Fabry-Perot Interferometer (FPI) installed at Dasan Station, Svalbard, Norway in Oct.
2015 for the simultaneous observations for the neutral winds and ion drift in the polar cap

region.
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Fig. 22 Fabry-Perot Interferometer (FPI) installed at Esrange, Kiruna, Sweden in Oct. 2016 for
the simultaneous observations for the neutral winds and ion drift in the auroral region.
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Fig. 23 All Sky Camera installed at KHO, Svalbard, Norway to observe proton aurora near the

polar cusp region.

;:1-'

Fig 24 EISCAT radar for the observation of the polar ionosphere. The current radar (left) will
be replaced with the next generation EISCAT-3D radar system (right).
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Fig. 25 Schematic diagram of the couplings of the upper atmosphere with the lower
atmosphere and the space environment.
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Fig. 26 Fabry-Perot Interferometer observations with three different filters (OH 892nm, O
557.7 nm, O 630nm) at Jang Bogo Station, Antarctica
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Fig. 27 Neutral winds observed at 87km, 97km, and 250km altitudes by Fabry-Perrot
Interferometer at Jang-Bogo Station, Antarctica. These data show the seasonal variations of

the neutral winds at three different altitude regions.
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Fig. 28 Annual variations of the neutral temperature in 2014 (left) and 2015 (right) observed
from FPI at Jang Bogo Station, Antarctica.
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Fig. 30 Schmatic diagram of VIPIR antenna array(top) and space weather observatory(SWO)

and antenna towers(bottom).
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Fig. 31 Ionogram observed by VIPIR at Jang-Bogo Station, Antarctia. It includes electron
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Fig. 32 Plasma frequency observed by VIPIR at Jang-Bogo Station, Antarctica. It produces
corresponding electron densities.
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Fig. 33 lon drifts observed by VIPIR at Jang-Bogo Station, Antarctica.
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Fig. 34 Tilt of ionization observed by VIPIR at Jang-Bogo Station, Antarctica. It can provide

the electron density gradient at a certain altitude region.
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Fig. 36 Electron density profiles obtained from IRI (red) and ISR measurements (black) during
the day (LT 1400) and night (LT 2400) are displayed at the left and right panels, respectively.
For each local time sector, the density profiles are presented for three seasonal cases
(equinox, December solstice, and June solstice) and for three different locations (Millstone Hill,
Tromse EISCAT, Svalbard ESR) as indicated. Mean standard deviations (red text: IRI and black
text: ISR) of each profiles are also depicted in the figure. (For interpretation of the references
to color in this figure legend, the reader is referred to the web version of this article.)
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Fig. 37 The global TEC maps for IRI (left column), JASON (middle column) and their relative
difference (right column) are presented for equinox, December solstice, and June solstice from
top to bottom.
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Fig. 63 Vertically averaged power spectral densities (PSDs) of (a) the hourly zonal wind and
(b) the hourly meridional wind near the mesopause region over KSS for the whole year of
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Fig. 64 Time series of (black) meteor-radar derived and (orange) analytic total horizontal wind

components (rows 1-2) for meteor echo locations observed within the height range of 3 km
around z = 90 km for a day in the middle of (a) 13-17 January and (b) 13-17 September. The
number of meteor echoes within the same altitude range is plotted in the 3rd row for each

time period, and the red line denotes the number 10. Time series of (black) the Fourier

reconstructed and (orange) analytic mean horizontal wind components and three-dimensional

IGW perturbation wind components are shown in the rows 4-5 and rows 6-8, respectively.
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Fig. 67 Hodographs of IGW horizontal wind components at z = 93 km in eight
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Fig. 68 IGW parameters (d, R™'a, Re, and 1, see the text for details) estimated from the IGW
= 93 km around 18 UT in 15 February.
Dashed line denotes the major axis direction represented by the value of 1. Thick solid line
represents the large-scale flow averaged for 6 h around 18 UT. IGW parameters are computed
using unsmoothed wind values, while the hodograph plotted here is moving-averaged in time
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for better illustration.
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Fig. 69 Monthly

1R,

1R,

variation of the histograms of IGW intrinsic frequencies relative to the
Coriolis parameter in the mesopause region over KSS. The histograms are made for coherent
and upward energy-propagating IGW events. The number of coherent and upward energy
propagating GW events is plotted in each panel for each month.
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Fig. 70 IGW dispersion relation curves as a function of horizontal wavelength for
the vertical wavelengths from 2 km to 40 km. The area of horizontal wavelengths

for intrinsic frequencies of |[f|-3|f|] and vertical wavelengths of 14-28 km are
shaded.
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Fig. 71 Monthly variation of the angular histograms of horizontal propagation directions of
IGWs observed in the mesopause region over KSS. Angular histograms are symmetrical with
respect to 180 © rotation.
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Fig. 74 Horizontal distributions of the GW temperature perturbations over (top) the North
Pole and (bottom) the South Pole at z = 25, 50, 75, and 95 km at 15.5 UTC in 3 May 2014.
Yellow arrows show the evolution of the phases of the GWs generated from a particular
frontal system. Red dot denotes the location of the King Sejong station.
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Fig. 80 Long-term variations of residual temperature observed by FTS and SDSS and
corresponding MLS satellite data.
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