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Gravity waves in the
southern winter middle
atmosphere
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Lidar principle

» Laser pulse transmitted at
time t0

« Scattering at altitude

proportional to air density

» Backscattered photon
received at time t
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Figure 2. Schematics of the lidar instrument and optical paths.
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Figure 2. Schematics of the lidar instrument and optical paths. B. Kaifler and N. Kaifler: Compact Rayleigh Autonomous Lidar
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Temperature at South Pole and Rio Grande
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- Nightly mean temperature profiles at South Pole and Rio Grande
- Comparable; but variability is higher at Rio Grande
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Gravity waves from temperature perturbations ‘#7
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TELMA lidar at South Pole

80" 7 ]2
T 1 | 4250€
g 60 - o
S [ i 220
2 40— —] Q
2 [ - £
. Temperature at < Jof 1 B190°

different resolutions L 1 B0

 Here 60 min 12
16 Jul 2023
0 &
. 80 = 0 =
* 20 km vertical B ] 2
Butterworth filter for £ [ 1M €
. "
ravity waves = ] S
gra ty 2 i | O 8
£ 40 - o
< 1 -5 2
20 - — 2
-10 GE>
12 18 00 06 12 =
16 Jul 2023

N. Kaifler, Lidar obs. of GWs at South Pole




South Pole and Rio Grande
DLR

Rio Grande, Argentina, 54°S | 7 South Pole
CORAL lidar since 2017 TELMA lidar

Wind at 10 hPa, 15 June 2023
GFS / NCEP / US National Weather
Service
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Gravity waves at South Pole and Rio Grande

DLR
» Orographic with high potential energy densities dominate at Rio Grande
» Gravity waves with shorter wavelengths and less amplitude at South Pole
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- Gravity waves at center and edge of polar vortex are different

—> Origin of gravity waves at South Pole?
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-> Increase with altitude at South Pole
- Lower at South Pole compared to Rio Grande, but above winter values
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Winter stratopause

DLR

Temperature Rio Grande
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—> Polar vortex edge above Rio Grande - Comparable stratopause T;
-> Vortex fully developed after solstice higher at South Pole in August

- Comparable stratopause altitude
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Orographic waves from Transantarctic Mountains

DLR
Rio Grande: South Pole: 0! .
« 18 m elevation « 2800 m elevation . E c
* rugged topography  flat surrounding B { miso
* strong winds - Transantarctic Mountains S ELL
at 400 km distance 3 5 1N -
3 —15.0:,2:
/1000 * E :
ElE
' 500 : =
S {]]4000 = 4ooo§
) 3000< 30005 B T e
. () A - Meag 18 :
3 2000 2 0 1l 2000 2 - w3 :
= ] b @ . - od it i
® 1000%’ 1000 & . : ; 7
— Mo _500 0 :;3—; T 2 i 20.0
< s i 1 Wiss
-60 . : : . -1000 \; I - 1.0
-80 -75 -70 -65 -60 -55 -1000-500 0 500 1000 g i 1 "
Longitude (deq) Distance (km) 1 { Wss
: M L
» Observation of polar stratospheric clouds at South Pole i ' ]
» Possibly form in cold phases of orographic waves L ]
08 Jun 2023

N. Kaifler, Lidar obs. of GWs at South Pole




Upward-, quasi-stationary- and downward propagating waves
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Spectral decomposition with
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« Decompose wave field and quantify contributions
- Upward propagating waves dominate in mesosphere
- Quasi-stationary waves dominate in stratosphere
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Conclusion ‘#7
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« More than 600 h of lidar observations at South Pole in winter 2023
 Also operating now (winter 2024)

« Temperature up to 90 km

« Observation of gravity waves up to the mesopause region

« Lower amplitudes and potential energy density than at polar vortex
edge
* |[nvestigation of two possible sources

« Polar vortex dynamics and
« Orographic waves from nearby Transantarctic Mountains




Thank you for listening!

Thanks to Dominique, Yucheng,

Mike, Christopher and South
Pole staff
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