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SUMMARY
I. Title

Development of polar space environment and upper atmosphere research

program
IT. Significance and Objectives of the Study

O In order to respond to the global issues for the space weather and
its relation to the climate changes, it is important not only to
establish the observational system for the space environment and the
upper atmosphere in the polar region but also to develop the
research program for the polar space environment and upper

atmosphere

IMI. Contents and Scope of the Study

O Current research activities for the polar upper atmosphere and space
environment

O Development of research subject on the interrelationship between the
climate changes and space weather

O Participation of the international joint observation program

O Establish the role of KOPRI in the Korean space science

IV. Results of the Study

O Polar ionosphere-thermosphere and their coupling
— The ionosphere and thermosphere are the core of the upper
atmospheric research
- Utilizing the polar stations in the Arctic and Antarctica, the
ground-based observations can be performed for the polar ionosphere
and thermosphere

O Polar upper atmosphere and geomagnetic storms



Geomagnetic storms caused by solar flares and CME can have great
effects on the global upper atmosphere via the effects of the polar
upper atmosphere

Polar upper atmosphere and magnetosphere ionosphere coupling
Most of solar energy except for sunlight enters the Earth
atmosphere through the polar region

These include the energetic particles and electric field and currents,
which cause the extra ionization and plasma convection in the polar
upper atmosphere

Simultaneous observations for the polar ionosphere and
magnetosphere are required to understand these processes

Coupling of the mesosphere-lower thermosphere(MLT) and the
ionosphere in the polar upper atmosphere

The upper atmosphere can be affected by the changes of the
atmospheric constituents and the atmospheric waves in the lower
atmosphere

Atmospheric constituents such as CO2, CH4, O3 can change the
atmospheric temperature not only in the lower atmosphere but also
in the upper atmosphere with much greater amplitude, which
requires long-term monitoring of the temperature and atmospheric
constituents

Polar upper atmosphere and atmospheric gravity wave

The atmospheric waves such gravity wave, planetary wave, and
tidal waves generated in the lower atmosphere propagate into the
upper atmosphere and greatly affect the dynamics of the region
For the understanding the physical mechanism of the wave effects
on the upper atmosphere, we routinely monitor those waves and
perform a numerical model simulation using physics-based model
Cosmic ray and energetic particles and their effects on the polar
upper atmosphere

Cosmic ray and energetic particles enter the Earth’s atmosphere
along the nearly vertical magnetic field lines in the polar region
Depending on the magnitude of their energy, they can penetrate into
the lower atmosphere to affect the chemical reaction and result in
the changes of the atmospheric constituents such as NOx, HOx, and

03



V.

At Jang-Bogo Station, Antarctica, we monitor the cosmic ray and
energetic particles with simultaneous observations for the
atmospheric constituents to see their corelation

Polar upper atmospheric research using satellite observations

The ground-based observations have a limitation in the spatial
coverage of the data while the satellite observations are limited in
the temporal variation of the data

Therefore, both observations should be used together to have better
view of the upper atmosphere

GPS/GNSS observations for the polar upper atmosphere

The Global Positioning System(GPS) can produce the total electron
content(TEC) of the global ionosphere and the scintillation of the
electron density for the global distribution of the ionospheric density

and its effects on the satellite communication

Further Application of the Study

@)

Suggested observations for the polar upper atmosphere and space
environment will be utilized to develop the research project for the
space science in the Korea Polar Research Institute

Polar upper atmosphere and space environment research require
strong domestic and international collaborations for the observations
and data analysis

We participate the international observation network to overcome the
limitation of the ground-based observations at our Arctic and

Antarctic stations
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(&Ph\red b\; Imaae Satellite \
on Se?, 11, o0&

Fig. 9 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.
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Fig. 10 King Sejong Station was opened in 1988 at the tip of the Antarctic peninsula (62°
13'S, 58 47" W).
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Fig. 11 Jang Bogo Station(JBS) was opened in 2014 as a second Korean Antarctic station

at the Terra Nova Bay (74° 37" S, 164° 12' E), Antarctica.
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Fig. 12 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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Fig. 13 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. 14 Magnetosphere-Ionopshere connection through Field-Aligned current
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Fig. 15 Ionosphere—Thermosphere processes in the high-latitudes
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Storm Effects on Auroral Electron Energy & Joule Heating Storm Effects on Electric Field & Current Distribution
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Fig 17 Geomagnetic storm effects on Ionosphere and Thermosphere
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20 November 2003 (1200 LT)
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Fig 20 Variation of ionosphere during 20 Nov. 2003
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TIMED/GUVI
DMSP/SSUSI

(16,17,18,19,(20))

GUVI and 55U5 are far-ultraviolet (115 to

180 nm) scanning imaging spectrographs.

- Neutral composition and temperature

t Auroral energy input (E_, Q)

- Plasma distribution in low latitudes

- Plasma bubbles in the equatorial region

Fig. 21 A example of data observed from GUVI and SSUSI measurements
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Fig. 22 Variation of ionosphere during 20 Nov. 2003
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Fig. 23 Small satellites developed by SaTReC
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Fig. 24 Small Satellite Series by ESA
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Fig. 26 The global map of the electron density for the daytime measured by the ISL

instrument. The contour was drawn in logarithmic scale of the Ne based on the

averaged values of the entire mission of DEMETER (2005-2010). The blue curve along

the equator region presents the geomagnetic dip equator (Ryu et al, 2014).
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Date (y/m/d) : 2007/08/08

Orbit : 1
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Fig. 27 Examples of the electron density profiles measured by DEMETER: (a) Orbit
16557 on 8 August 2007 with nominal EIA enhancements and (b) Orbit 16571 on 9
August 2007 with enhanced equatorial plasma density. The dark grey boxes indicate the
midaltitude (geomagnetic latitude: 30°-50°S and 30°-50°N), while the light grey box
indicates the equatorial region (geomagnetic latitude: 15°S-15°N) (Ryu et al., 2014).
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Fig. 29 The response of neutral thermosphere density to a solar flare is revealed for
the first time by CHAMP and GRACE.
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Electric Static Analyzer (ESA)
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Fig. 31 Global distributions of gravity wave activity as variance at stratosphere (38 km)
druing June solstice (top) and December solstice (bottom) observed by MLS instrument
on satellite (e.g., UARS, AMSU)
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CHAMP/ACC (2002-06-27, UT=14.01, LT=9.70, GLON=-64.68°)
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Fig. 32 An illustration of our data processing method. (top) The black solid curve
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Fig. 33 Global maps of the GW activity for equinox, June solstice, and December
solstice during solar minimum years. The dashed curves represent geomagnetic

latitudes.
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Fig. 37 POLENET GPS station component (1005 kg) (Weather station,

Iridium antenna, Battery, Solar panel, High speed wind turbine)
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Fig. 39 Planned seismic and GPS field deployments in Greenland
(POLENET website)
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Fig. 40 Simple scheme of large scale circulation in MLTI region.
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Fig. 41 The effect from lower atmosphere by atmospheric waves such as tide,

gravity, and planetary waves.
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Fig. 43 Zonal and meridional winds measured by VHEF meteor radar at King

Sejong Station, Antarctica. Semi—-diurnal tides are clearly apparent.
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Map of temperature wave amplitude
10 derived from HIRDLS averaged over
the height range 2030 km.
os [Alexander et al.,2008]
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Fig. 44 A map of wave amplitude derived from HIRDLS averaged over the height
range 20730km.
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Fig. 45 (Top-left) Monthly zonal and meridional winds observed from KSS.
(Top right) Height month contour plot of the seasonal variation of the amplitude
of the zonal and meridional semidiurnal = tide over KSS. (Bottom-left)
Height-month contour plots of the monthly mean of median zonal and meridional

wind variance (Lee et al., 2013).
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Fig. 46
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observation of polar upper atmosphere.
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Fig. 47 VHF meteor radar installed at King Sejong Station, Antarctica
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Fig. 49 All-Sky Camera at King Sejong Station, Antarctica
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Fig. 50 Fabry-Perot Inaterferometer (FPI) installed at Jang Bogo Station,

Antarctica

Fig. 51 VIPIR (Vertical Incidence Pulsed Ionospheric Radar) at JBS, Antarctica
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Fig. 52 Fabry-Perot Interferometer installed at Dasan Station, Arctic.
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Fig. 53 Fourier-Transform Spectrometer installed at Dasan Station.
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Fig. 54 GPS receiver installed at Dasan Station.
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Fig. 55 FTS installed at Esrange Space Center, Kiruna, Sweden
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Fig. 56 GPS receiver installed at ESC, Sweden
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8. 37 LEthrlolNel iy A7

7} d171%5 ¥ 3 (Atmospheric Gravity Waves, GWs)

mesosphere

altitude

stratosphere

A ALY

troposphere

horizontal distance

Fig. 58 Schematic of various sources and propagation properties of gravity
waves (Kim, Chun, Eckermann, 2003, Atmos.-Ocean)
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T = BAMEE o R AANE &5 vlge] di @ dF FRE 9HAZ
AR F7h-uZ7)9 vtdy 5o Agst 9aS 713 (Lindzen 1981).
THIE A4 7T Bl FR3] 2R Esly] wiEel g (vifW
FahEoloF & (Kim et al. 2003).

THu g ot 2o =3

FTHAANA, 83 FHS AF FX JAANE ASTF, AR TH A= F
A7 FE TEete G Mxe A AFAH AW w32 FEota, e 9 st
Tl 9E ¥ 2 28 44 fEste] BAE e ojd &% et A
g3] 2 29 ¢E FxE op7]d (Andrews et al. 1987, Garcia and

Boville 1994; Fritts and Alexander 2003).
ASAAA, T8I I8 Pdate] gy A Ui FeA FHE X Fd
Ax £A38+ Brewer Dobson 3 (BDC)S do7|+=d A3 A=z 7]o3}

BDCe] Aol glojA el A utel F¥ute] &3} (Butchart et al. 2010, JCL)

H v <9 (Radiosonde) : Guest et al. 2000; Wang and Geller 2003; Zhang
and Yi 2005; Chun et al.. 2006; Ki and Chun 2011

#old (MU Radar, MF Radar, VHF Radar, Meteor Radar) : Eckermann and
Vincent 1993; Sato et al. 1993; Lee et al. 2013; Dhaka et al. 2014

H] &) 7] (Aircraft) @ Fritts and Nastrom 1992

Super pressure balloons @ Hertzog et al. 2008, 2012

A4 (Satellite)

Micro Limb Sounder (MLS) : Wu and Walters 1996, Wu and Jiang 2002; Choi et
al. 2009
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Fig. 60 Contribution of planetary waves (dark grey) and gravity waves (light grey) to
BDC in the 21% century experiments conducted using climate models with chemical

processes.

*  Cryogenic Infrared Spectrometers and Telescopes (CRISTA) : Ern et al. 2004, 2006.

*  Sounding of the Atmosphere using Broadband Emission Radiometry (SABER) : Em
et al. 2011, 2014.

* High Resolution Dynamics Limb Sounder (HIRDLS) : Alexander et al. 2008; Wright
et al. 2011; Jia et al. 2014.

* Atmospheric Infrared Sounder (AIRS) : Gong et al. 2012; Choi et al. 2012; Hoffman
et al. 2013.
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Fig. 61 Global distributions of gravity wave momentum flux derived from (top) HIRDLS
and (bottom) SABER for January and July (Jia et al. 2014, Annal. Geophys.)
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91 5% % (Ern et al. 2004, JGR).
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7ML 22E i F % (Kim et al. 2012, ACP).
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Fig. 62 Latitudinal distribution of density-weighted absolute values of orographic (solid)
and nonorographic (dash) gravity wave momentum flux. (Hertzog et al. 2008). Thick

solid line represents the sum of orographic and nonorographic momentum fluxes.
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MAECHAMS: 1.875 x 1.875, 1 hPa (95 layers: Az ~770 m above 100 hPa)
GISS: 2x2.5,0.1hPa (40 layers: Az ~1-4 km in the Stratosphere)

HadGEM3: 1.25x 1.875, 84 km (85 layers:

HIRDLS : 845-80N (~ 100 km horizontal, ~1 km vertical)

SABER: 825-82N (~ 200 km horizontal, ~ 2 km vertical)

Kanto: 0.5625 x 0.5625, 85km (Az ~300 m in the Stratosphere and Mesosphere)
CAMBS: 0.23 x 0.31, 2 hPa (30 layers, above 25 km very coarse vertical resolution

Fig. 63 Comparison of observed and modeled gravity wave momentum fluxes.
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HadGEM2 (Kim et al. 2013), ECHAM6(2014)
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GW MF spectrum : = | Misnentuni
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Scma and Chun (2008 JAS),
_ Choi er al. (2013 JAS)

= Lindzen (1951, JGR) ]
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1. critical-level filterin
2. Saturation 9 [:d Warner and McIntvre (2001, JAS) ‘
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[:> Hines (1997, JAS); Medvedev and Klassen (1995,
JGR)

Fig. 64 Schematic of the components of gravity wave parameterization
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Fig. 65 Gravity wave momentum forcing induced by mountain, convection, jet stream in

the Northen Hemisphere winter season and their sum (Richter et al. 2010, JAS).
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* Charron and Manzini (2002, JAS: ECHAM)<] WHE u}

* 600 hPa°lA] Frontogenesis function (FF)< A4t

= 470 hPaolA FF7} 1A% [= 0045 K*/(100 km® hr)le] Wdol7ld & w7}
A st= Aow 7Hg3t

= AA-AE FHIE A HEHE A s $

= 5o Wy Lindzen type A% 23 7HAE &

=

ol

Y.

TF & A7)
& olgste] Axt

—

AA-AE Fe5 2 kel T 7hx gy

Frontogenesis ¢t<¢ (650 hPa) : THFEZEANA  frontogenesis el &
(Charron and Manzini 2002; Richter et al. 2010)
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HAE w3 WA2A (NBE) b (350 hPa) : NBE¢] %zt (ANBE, Zhang
2000) = 3 A Aoz H FH-TdH FFEANA % (Chun et al

D & = cD VN =
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. . OV o
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Fig. 66 Data used for the computation of jet—front gravity wave

generation
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Fig. 67 Global and seasonal distributions of FF computed using MERRA data
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Fig. 68 Global and seasonal distributions of ANBE computed usine MERRA data
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Fig. 70 Zonal gravity wave momentum flux obtained from ECMWF data
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Fig. 71 Meridional gravity wave momentum flux obtained from ECMWF data
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Fig. 72 Comparison with ECMWF GW momentum flux and HIRDLS
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Fig. 74 Correlation of ECMWEF zonal momentum flux and ANBE
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N and ANBE (350hPa) at KSS
TH 4
2 E 0.6
= 0.055 < B
£ %0 » 0.05 -
2 c 2 om5 -
T 2 2 oo -
L8 = - L
> & 0.03 -
LH .2 0.025 -
o 002 S —
= 0.015 - =
- 00 -
0.005 — -
= ! 1T T T 1 1 1 T 171
P "{ KR 0oKni2n ! din P Me A Myl Wl Mg Sm o Od N Dac
=
e‘EJ " E w 4 =
e v Q134 &
b £ -
] o 0 12— =
I 'E T
3 3 1.1 —
3 10 k-
J F M A M 4 4 A S 0O N D €, |
Fig. 5. Height-month contour plots of the monthly mean of median zonal (vpper) and merdional (Tower) wind variances. 8
I I T T T T I I T T
Table 2 10952 Jan Feb Ma A May Jun ol Aug Sen Ot Now  Dec
Total observation days of meteor radar at King Sejong Station, Timeserles {mom}
Jan. Feb. Marc Apr. May jJun. Jul Aug Sep. Ot Now. Dec
2007 E 1 | 0 M 3 - - - - 2 E3 ]
X081 - - - 8 6 13 n n = 28 17
2008 18 I8 n 30 n Jjo n 3
Numbers in boldface represent numbers of days used in the analysis. Lee et al. (2013. JASTP)
Fig. 75 Comparison of gravity wave variances at King Sejong Station and tropospheric FF
and ANBE

O G222 $Au0lteld #3d Fes

Bad ARgwnos dF AE A0 B39 F4doly v 59
Zeu Bate] 978 A4 AE FHTA Lo E o g

Az gFaclAe FFU ANBES A4d wsel FaAARA BEHE §
Aeloly Fes B AWzY] AdAE Fx mddoly HEAT SHL
wee moh AAE HE A7 Aa

A dFdold ¥ F=AQ Azl gt
insitu Yol e A7 Za

r2
-
Nd
of

b di7]el A 9

3 g7 3 o Y& Adels FYIE A9 540 #I AT 2.
%E—%uﬂr LA Al QoM Ad WEe JFL F= 2l hI B4
7 O7lelA FEs FE 9F Aol FEH £EF Lo AAHA Tz

of g A7 e

_91_



B
olo
T

ol

W
%

)

R==S
[}

gdold, AFH4 (HIRDLS, SABER,

.
R

AT R
ARG 2d (WACCM, HadGEM)o|y A Aq+x »d (WRF)

=
=

g ANAE @

A

ke
T

6&}:

_92_



FAL 2N Bl FAse] o AW EE AUAE A 4F 97
B o
=

AL 90%7F 4 YAAMH ¢ proton)ol® 9 10% AEE AR

(electron)¢} AF &, WEHF B4 o2 o]FoA 9l&.

o o5 oyA WHE 107107V o2 dHA lon, 5GeVolste] oy

Zhe $FAE e o5 HEFH o] o AHE Ao=w FA43

o ol o WA FFALE Ao FHol(flare) v IRV AR W
(CME; Corona Mass Ejection)ol] 9] A& AY zm=2Y EAdo] &=z
A E = P44 F T A3 (Interplanetary shock)oll &J& 228 o2 7hE&E ¢l
ol Aoz AdHA 9.

o Ho] £} Mg £ olFste A AAE FdH AT diy] &

x

AAE(FTE Ny, O} F=81] 22 54 (Secondary cosmic ray)S AJ4Hst

<& Air shower formation in the atmosphere

h~35km ——— @P E=10ey

n:'&’/‘.‘ b ~=

n

Fig. 76 Air shower formation in the atmosphere

_93_



3
/

GCR intensity wvariation (%

y T T T T —— T O e e B n o AR
! 2.0F
E & P Inuvik | £ Inuvik
.\"". ‘\ weeeeee Maogadan| | [ ,”\ - Magadan| |
";_ ‘I e Culu - E\S‘ OF (] - CQuiu E
11 = 1
|5 =
I 131 2 ]
\Ey =} ]
L i o
P H 2| = 1
2.0 £\ g ]
|8 ft
L B E_"
|8 1 o 5 -
1 Wil . - i
—4.0- ; g o :7..'. o
[ \; *__‘{r \_ﬁ\?\/ E"’;
'.""f--“\ i (&) -
I W=
—6.0 E
1 I it b i . 1) I | |
Z = 9 10 14 15 18 17 18
Day (?(]LI(].(JE : Universa "r"1e} [

Day {1999.09 : Universal Time)

Simultaneous FD(Jun. 8, 2000) Non-simultaneous FD(Sep. 15, 1999)

Fig. 77 Difference to simultaneous FD and Non-simultaneous FD

o« 1A $FHo] AFel o2 el At 103 A% 7] Fo AR FEE
o e 27 $FAe A4

L}. Beginning of neutron monitor science

. “Or—;f‘{\i A 71 ﬁi}oﬂ% OOkQ%Zf‘ﬂ, P A7]FAMF ¢ Interplanetary

A Wske) g 54
(Solar Cosmic Ray)¢] T°r o] 293 x=x A7l =7 A (GLE : Ground
Level Enhancement) <2 X% H3se= A4 %2 3}-(Interplanetary

Fds
shock)Y} #}7]7-8(Magnetic cloud)e] zp# o] oak ¢-FA A
H-Al #F 2 (Forbush decrease) @733 2 nlF7]%Ql W

719 FAade =
[o}

O Forbush decrease
F-A] FFA(Forbush decrease)v FU717YU & 549 A717F 74A7] 74

= dxow A7 933 3H4sE F4(main phase)® A4 E A7) 7F 3 EHEH

3] E-7] (recovery phase) &= e

EA 54"“’] el E ol fr & A

i

_94_



CR intensity variation (%)

T T
=R,
—— Dst | 0
1-100 =
>
[4B)
o0
=
-—
w
()
4 -200
43t 1 -300
1 | | 1 | | 1

15.5 16.0 16.5 17.0 17.5 18.0 185
Date (July 2000)

Fig. 78 Geomagnetic strom(Dst index) and Forbush decrease(CR intensity)
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Fig. 92 Magnetospheric two-cell convection
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