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극지우주환경 및 극지고층대기 연구1.

극지 전리권 열권- -

극지 고층대기와 지자기 폭풍-

극지 고층대기와 자기권 전리권 상호작용- -

극지 고층대기 중간권 열권하부 전리권 연구- - -

극지 고층대기에서의 대기중력파 연구-

극지 고층대기와 우주선 고에너지 입자- /

극지 고층대기 연구를 위한 위성관측 및 위성관측 활용연구-

극지 고층대기 연구를 위한 활용- GPS/GNSS

극지우주환경 고층대기 연구사업 개발을 위한 장기 프로그램 개발2. /

남북극 극지인프라 활용을 통한 극지우주환경 고층대기 지상 관측인프라 구축- /

지상관측인프라 활용 국내외 공동연구네트워크 구축-

지상관측의 한계점 극복을 위한 인공위성 관측 및 대형 국제 관측프로그램 참여-

색 인 어

각 개 이상( 5 )

한 글 극지우주환경 극지고층대기,

영 어 Polar space environment, Polar upper atmosphere
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Fig. 1 Sun, solar wind and Earth’s magnetosphere. The solar wind interacts with the

Earth’s magnetic field to form the magnetosphere.
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Fig. 2 The plasmasphere is the inner

part of the magnetosphere.

Fig. 3 Magnetospheric electricfields and

currents are connected to the polar

upper atmosphere and set in motion the

ionospheric plasma in the polar region to

form the plasma convection.
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Fig. 4 Plasmasphere and polar upper atmosphere (Forster and Jakowski, 2000)
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Fig. 5 Plasma flow between the ionosphere and the plasmasphere (Banks et

al., 1976)
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Fig. 6 Antarctic Jang Bogo Station(JBS) and aurora taken by Changsup Lee in 2014
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Fig. 7 The polar upper atmosphere shows various physical phenomena such as energetic

particle precitation, magnetospheric electric field, plasma convection, aurora etc., which

are very different from the low and middle latitude ionosphere (NASA J. Grebowsky).
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Fig. 8 Korean Arctic and Antarctic stations.
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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



30- 30 -

�

�

�

�

�

Fig. 15 Ionosphere-Thermosphere processes in the high-latitudes
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Fig. 16 Plasma convection in high latitudes
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Fig 17 Geomagnetic storm effects on Ionosphere and Thermosphere
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Fig. 18 Dependence of momentum forcing on IMF
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Fig. 19 Process of ionospheric equatorial anomaly
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Fig 20 Variation of ionosphere during 20 Nov. 2003
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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
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Fig. 24 Small Satellite Series by ESA
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Fig. 25 DEMETER Satellite
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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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Fig. 27 Examples of the electron density pro les measured by DEMETER: (a) Orbitfi

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).



43- 43 -

Fig. 29 The response of neutral thermosphere density to a solar flare is revealed for

the first time by CHAMP and GRACE.

Fig. 28 CHAMP Instrument
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Fig. 30 Examples by Instrument
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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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Fig. 32 An illustration of our data processing method. (top) The black solid curve

shows the neutral mass density as recorded by the CHAMP/ACC, while the red curve

represents background density. (bottom) Density variations normalized by the

background density.
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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. 34 Correlation coe cients (R) between the KSS GW strengthffi

and the CHAMP GW strength from 2007 to 2009. The left (right)

column presents zonal (meridional) MLT wind. Each row

corresponds to a di erent altitude range.ff
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Fig. 35 Regions with latitudes in the upper atmosphere
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Fig. 36 Planned GPS field deployments in Antarctic (POLENET website)
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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. 38 CHAIN Network Map (http://chain.physics.unb.ca/chain)
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Fig. 39 Planned seismic and GPS field deployments in Greenland

(POLENET website)
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Fig. 40
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Fig. 41
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Fig. 42
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Fig. 43
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Fig. 44
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Fig. 45
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Fig. 46
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Fig. 47

Fig. 48
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Fig. 51
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Fig. 52
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Fig.
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Fig. 55

Fig. 56
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Fig. 57
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Fig. 58 Schematic of various sources and propagation properties of gravity

waves (Kim, Chun, Eckermann, 2003, Atmos.-Ocean)
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Fig. 59 Meridional circulations in the middle and upper atmosphere induced

by gravity wave momentum forcing (Fritts and Alexander, 2003)
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Fig. 60 Contribution of planetary waves (dark grey) and gravity waves (light grey) to

BDC in the 21st century experiments conducted using climate models with chemical

processes.
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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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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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Fig. 63 Comparison of observed and modeled gravity wave momentum fluxes.
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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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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
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Fig. 70 Zonal gravity wave momentum flux obtained from ECMWF data

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. 73 Correlation of ECMWF zonal momentum flux and FF

Fig. 74 Correlation of ECMWF zonal momentum flux and
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Fig. 75 Comparison of gravity wave variances at King Sejong Station and tropospheric FF

and
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Fig. 76 Air shower formation in the atmosphere
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Fig. 77 Difference to simultaneous FD and Non-simultaneous FD
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Fig. 78 Geomagnetic strom(Dst index) and Forbush decrease(CR intensity)
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Fig. 79 Simultaneous FD by STEREO satellite
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Fig. 80 GOES differential intensity of SPE



98- 98 -

�

�

Fig. 81 Peak intensity(SPE) and % increase(GLE)
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Fig. 82 Different energy responses lacated at Amundsen-Scott station at South Pole

and derive a simple power law spectrum, which is the basis of the extrapolation to

lower energy.

Fig. 83 Solar image taken by SOHO/EIT on 13 December 2006, 03:36:09UT
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Fig. 84 SCR from solar images by SOHO/EIT
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Fig. 85 Sources of variations in upper atmosphere

Fig. 86 Global network of CR stations
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Fig. 88 Cosmic Ray and Cloud

Fig. 87 Cosmic Ray and Climate
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Fig. 89 Research planned by the Cosmic Ray data
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Fig. 91
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Fig. 90

 



106- 106 -

�

�

�

�

�

o

�

Fig. 92
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Fig. 93 Substorm current wedge
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Fig. 94
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Fig. 95. Magnetospheric, Ionospheric, Upper atmospheric responses to 29-31 Octber 2003

super magnetic storms
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Fig. 96 Comparison of high/low-latitude geomagnetic field and SuperDARN HOKKaido

radar data
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