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Research  
Area

�  Ground-based observations for the upper 
atmosphere

・ King Sejong Station and Jang Bogo Station in 
Antarctica

・ Dasan Station and Kiruna/Sweden in the Arctic
・ Collaboration with Japanese Syowa Station and US 

Palmer Station in Antarctica

�  Satellite observations for the global upper 
atmosphere

�  Modern society increasingly depends on space-
based technology such as GPS and satellite 
communication, which requires to specify and 
forecast “weather” in the near-Earth space 
environment (i.e., spaceweather).

�  The upper atmosphere is the nearest space 
environment to Earth and most of satellites are 
orbiting in this region of space. In addition to light 
energy, various forms of energy from the Sun arrive 
at the Earth’s upper atmosphere. In particular, 
these energies enter the upper atmosphere in polar 
region via the interaction with the magnetosphere, 
which causes aurora and the various related 
phenomena in the polar upper atmosphere.

�  On the other hand, the upper atmosphere is also 
closely correlated with the lower atmosphere. It is 
well known that the atmospheric waves such as 
the gravity wave, planetary wave, and tidal wave 
propagate from the lower atmosphere to the upper 
atmosphere and greatly affect the thermal and 
dynamical structures of the upper atmosphere. 
Also the increasing greenhouse gases can have 
a profound effect on the upper atmospheric 
temperature.
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Future Plans and Application

� Expansion of the upper atmospheric observations at Dasan 
Station and Kiruna, Sweden

� Comprehensive ground-based observations for the polar space 
environment at Jang Bogo Station, Antarctica

� Comparative study of the upper atmosphere in the Artic and 
Antarctica

� Establish the Polar Space Environment Monitoring Center
� Understand the vertical coupling processes between the upper 

atmosphere and nearby environment including the lower 
atmospheres and the magnetosphere and their effects on the 
space weather forecast

� Provide the top-boundary condition for the lower atmospheric 
model

Aim and 
Contents of 
research

Research 
method

Objective
�  Investigation of the upper atmospheric changes 

via vertical coupling processes in the polar space 
environments including the lower and upper 
atmospheres (ionosphere), magnetosphere, and 
solar wind

Research contents
Study of the vertical couplings in the polar upper atmosphere

�  Polar ionosphere-thermosphere(IT) system
・�Plasma density variations in the polar ionosphere
・�Ion-neutral coupling in the polar upper atmosphere
・�Upper atmospheric changes with solar activity

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

・�Upper atmospheric changes in relation to the aurora
・�Electromagnetic energy exchange between the 

magnetosphere and ionosphere
・�Solar wind and magnetosphere interaction and its 

relation to the polar upper atmosphere

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

・�Atmospheric wave effects on the polar upper 
atmosphere

・�Effects of the atmospheric constituents on the polar 
upper atmosphere

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

Research structure
�  Polar upper atmosphere is closely correlated 

both with the space environment and the lower 
atmosphere. In order to investigate the interactions 
with these regions, continuous monitoring should be 
performed not only for the polar upper atmosphere 
but also for the energh exchanges among the regions.

KOPRI
・Observation system
・Data base
・Data analysis

Universities
・Chungnam National Univ.
・Kyung Hee Univ.
・Chonnam National Univ.
・Yonsei Univ.

SELab
・Monitoring system
・Data display on the web
・Data distribution system
・Optical instruments

Institutes
・�KASI (Korea Astronomy &  

Space Science Institute)
・�JHU (Johns Hopkins Univ.) /  

APL (Applied Physics Lab.)
・�USU (Utah State Univ.)
・�NASA / GSFC (Goddard Space 

Flight Center)
・�NIPR (National Institute of  

Polar Research)

Polar Upper Atmosphere & Space Science

the Arctic
Dasan/Svalbard
Kiruna/Sweden

SIOS

EISCAT

SuperDARN

Antarctica
King Sejong Station
Jang Bogo Station

SERAnt & GRAPE

ANGWIN

SuperDARN

Collaboration
�  KOPRI is collaborating with a number of domestic and international 

research groups and international research programs to share the 
observational data obtained from Arctic and Antarctic stations and to 
enhance the research capability.

Space Environment

Energy exchanges
Density and wind of the 

ionosphere/thermosphere

Aurora
Upper atmospheric changes

Atmospheric waves
Gravity wave, planetary wave and 

tide

Atmospheric components
Temperature changes

Polar Lower  
Atmosphere

Energetic particles
Nox, O3 density changes

Chemical changes
Ozone depletion in the 

stratosphere

Polar Upper  
Atmosphere

Future
・Monitoring of the polar upper atmosphere and space environment
・Space weather and its correlation with climate change

Product
・Polar upper atmosphere monitoring system
・�Comparative observations in the Arctic and 

Antarctica

・�Space weather forecast 
model

・Numerical modeling

Year
1st Stage 2nd Stage 3rd Stage

2015 2016 2017 2018 2019 2020 2021 2022

Polar Ionosphere 
Thermosphere 
(IT)

Magnetosphere-
Ionosphere 
(MI)

Polar mesosphere-
lower thermosphere 
(MLT)

Polar upper 
atmospheric 
research group

EISCAT observation for the polar ionosphere: 
ionosphere-thermosphere coupling in the 
polar region

Observations for 
the Arctic upper 
atmosphere

Magnetometer to observe disturbances 
in the magnetosphere by measuring 
the Earth's magnetic field

Magnetosphere-polar ionosphere 
numerical modeling

Polar upper atmospheric changes with solar activity: numerical modeling for 
the ionosphere and thermosphere

Changes of the polar mesosphere and lower thermosphere via atmosphere 
waves, cosmic ray and energetic particles

Ground-based observations for the polar upper atmosphere

Correlation between the polar upper atmosphere and the outer space environments 
including magnetosphere and solar wind: Aurora, magnetic storms

3D ionosphere radar 
system in Antarctica: 
SuperDarn network

Comparative study of the polar upper atmosphere in the 
Arctic and Antarctica

Road map

Vertical Incidence Pulsed Ionospheric Radar (VIPIR) at Jang Bogo Station, Antarctica to monitor the polar ionospher Jang Bogo Station. Space Weather Observatory (SWO) can be seen on the left

SWO
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