
Gravity Wave Activities in the Upper Mesosphere observed at King Sejong Station, 
Antarctica (62.22˚S, 58.78˚W) and Their Potential Sources in the Lower Atmosphere

Byeong-Gwon Song1, In-Sun Song1, Hye-Yeong Chun2, and Changsup Lee1

1Division of Polar Climate Research, Korea Polar Research Institute, Incheon, Korea
2Department of Atmospheric Sciences, Yonsei University, Seoul, Korea

songbg@kopri.re.kr

Korea Astronomy and Space Science Institute

 Atmospheric gravity waves (GWs), generated from various sources (mountain, jet-front system, convection
and so on), play a major role in determining the spatiotemporal structure of the middle atmosphere by
transferring momentum and energy from the lower to the higher altitudes (Lindzen, 1981).

 In the mesosphere, GW breaking are frequently observed (Nappo, 2013), and momentum and energy transfer
accompanied by GW breaking are essential in accounting for the thermal and wind structure of the
mesosphere.

 Southern hemisphere (SH) high-latitude region is one of the highest middle atmospheric GW activity areas.
King Sejong Station (KSS) of Korea Polar Research Institute is located in the hot spot areas of strong GW
activity along the Antarctic Peninsula (Eckermann and Preusse, 1999; Ern et al., 2004; Hendricks et al., 2014). Upper mesospheric
winds at KSS have been observed using a very high frequency (VHF) meteor radar since March 2007 (Lee et

al., 2013).
 Understanding the impacts of GWs in large-scale circulations in polar regions requires substantial knowledge

about GW sources and their propagation processes. Orography has long been considered as an obvious GW
source (Fritts and Alexander, 2003; Kim et al., 2003). In particular, in the polar region, mountain is a major source of GWs.

 The tropospheric jets with surface frontal system can also be another GW source. Polar night jet in the
stratosphere has also been considered as an important source of GWs.

 There has been little research on impact of convective GWs on the polar middle atmosphere because the
regions of strong convection are far from the polar region. However, winter hemisphere storm tracks are the
primary region for large magnitude of cloud-top momentum flux of GWs (Song and Chun 2005; Choi and Chun, 2011; Choi

and Chun, 2013; Kang et al., 2017). Considering that KSS is located at about 62˚S, the boundary between mid- and
high-latitudes, deep convection in the storm-track regions should be considered as a possible source of GWs
observed in the mesosphere at KSS, if poleward propagation of GWs are considered.

 In this study, we investigate the variability of GW activities in the upper mesosphere observed using the
meteor radar at KSS. To estimate the GW variability, we propose an improved meteor-variance technique.
We compare the GW variance to surface winds perpendicular to the mountain near KSS, the jet-front GW
diagnostic, and convective GW momentum flux in the lower atmosphere. We investigate the possibility of
propagations of orographic GWs into the upper mesosphere without critical-level filtering. Through
correlation analysis, we examine whether the jet stream and the deep convection in the lower atmosphere can
be a source of GWs in the mesosphere.

Introduction Data and Methodology

Meteor radar at KSS

Variables U, V, U variance, V variance

Period Mar. 2007—Dec. 2014 (8 years)

Resolution
Temporal 1 hour (sampling: every 2 min)

Vertical 2 km (80—100km, 11 levels)

 The meteor radar at KSS can detect approximately 
15,000 to 28,000 meteor echoes each day at intervals 
of 2 minutes, regardless of weather conditions.

 Zonal and meridional components of horizontal winds 
are computed in the time-height intervals of 1 h and 2 
km in a least-square sense using meteor radar echoes 
and radial velocities (Holdsworth et al., 2004).

 Meteor radar data at KSS

(km)

 The GW wind variance is calculated from the deviation in the 
horizontal wind after subtraction of the large-scale wind. 

 The time-height bin-averaged winds are low pass filtered 
using Fast Fourier transform (FFT) to extract the large-scale 
wind components.

 The 8-day (192 hours) window is used for the spectral analysis, 
incremented in 1-hour time step. 

 The sum of wave components with ground-based periods
longer than 5.5 hour is defined as the large-scale winds at 
KSS (Song et al., 2017).

 Four different tidal components–diurnal (24 h), semidiurnal 
(12 h), terdiurnal (8 h), and quardiurnal (6 h)–can be included 
in the large-scale wind.

 Moreover, planetary waves (PWs) with the period of 2 day or 
4 day are also included. 

 Wind variances induced by GWs  These large-scale wind components, including the strong 
semidiurnal tides and the PWs that are frequently observed 
in the Antarctic mesosphere and lower thermosphere (MLT) 
region, must be properly removed from the observed 
wind by the meteor radar to obtain small-scale GW 
perturbations.

 We propose a new methodology to explicitly remove the 
large-scale wind from each meteor echo by interpolating 
the extracted large-scale winds into each meteor echo 
location.

 Variance of all GW wind components  estimate the GW 
activities within a time-height space

(km)

Horizontal Wind Variances

 GW activity in the upper mesosphere shows a semi-annual variability, 
with two peaks in summer and winter season, while a strongest peak 
above 94 km exists in August–September. 

 For a stationary wave, it can be explained by the saturation-limit 
amplitude of GWs Wind speed is the strongest in the solstices and the 
weakest in the equinoxes in the high-latitude SH.

GW Source - Orography
 KSS located at King George Island 

where steep mountains exist.
 Following Yamashita et al. (2009), we 

calculate percentages of days when 
rotation of the horizontal wind vector 
is less than 90° in the altitude range 
925–1hPa under assumption that GWs 
are filtered by critical level if the 
rotation of wind vector exceeds 90°.

 Orography can be considered as a 
major wave source in winter. DJF MAM JJA SON (%)

2012 17.6 58.7 78.3 25.3
2013 28.6 79.3 80.4 27.5
2014 51.6 64.1 72.8 28.6
Avg. 32.6 67.4 77.2 27.1

Wind Profiles

GW Source - Polar Night Jet
 RNBE (residual of nonlinear balance equation) 
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5 hPa

 Large |RNBE| along the polar vortex in the stratosphere, 
especially during winter season 
 Correlation (wind variance vs |RNBE|)

Wind variance (98km) vs |RNBE| (5 hPa)

 GW activities observed in the upper mesosphere in spring and autumn
are associated with the jet stream in the upper stratosphere.

 In winter, there are no areas with significant correlation, due to the 
critical level filtering and the Doppler shifting by the strong polar 
night jet.

GW Source - Convection

Wind variance (98km) vs CGWMF (1 hPa)

Column-maximum deep Convective Heating rate (DCH)

CGWMF (1 hPa)

 In winter, the largest CGWMF exist in the storm-track 
regions, which is distinct from the DCH showing the 
secondary peak in these regions. 

 Significant positive correlations in storm-track regions 
suggest that convection during the Autumn and winter
can be a possible source of GWs observed at KSS.
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Red: line-of-sight horizontal wind             Blue: interpolated large-scale wind
Green: large-scale wind projected toward the line-of-sight direction
Purple: difference between the red and green (small-scale GWs) 

 Meteor radar at KSS in the Antarctic Peninsula are used to analyze winds in the upper mesosphere over an 8-year period (2007–2014).
 A semi-annual variation of GW activities in the upper mesosphere with solsticial maxima and equinoctial minima exists, except above 94 km where

maximum GW variance appears in August–September.
 GWs generated by orography can reach the upper mesosphere without encountering a critical level due to the strong westerly from the troposphere to

the mesosphere in wintertime.
 The RNBE in the upper stratosphere correlated well with observed GWs in the upper mesosphere, particularly in spring and autumn.
 Deep convection in the midlatitude storm-track regions can be considered as a possible source of GWs in autumn and winter.
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Summary and Conclusions
 To understand the sources of GWs more precisely, two approaches may be pursued as future research topics.
 First, the 3-dimensional propagation of GWs based on a ray-tracing model should be considered using the GW characteristics obtained from

the meteor radar, which has been done recently by Song et al. (2017).
 Second, high-resolution numerical simulations that explicitly resolve GWs that are generated by various sources in the lower atmosphere and

propagated up into the upper mesosphere should be performed (e.g., Chun and Kim, 2008).
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