Multi-scale mountain waves observed with the ALIMA lidar
during SOUTHTRAC-GW above the southern Andes
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1. SouthTRAC-GW research flight ST08
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The Airborne Lidar for Middle
Atmosphere  Research  (ALIMA)
onboard HALO aircraft in autumn
2019 at Rio Grande airport, Tierra
del Fuego, Argentina during
SouthTRAC-GW (Rapp et al., 2019)
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Two flight sections probe mountain waves
(MWs) during research flight STO8 between
23:00-7:15 UT on 11/12 September 2019

Stratospheric ECMWEF IFS temperature perturbations at 30, 40 and 50 km altitude
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2. ALIMA temperature measurements

ST08 First Mountain Leg
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Temperature sounding during MW leg 1 (23:13 — 0:24 UT) and 2 (0:36 — 1:40 UT)
from 1 min, 1500 m lidar data with large, mid and small-scale horizontal wavelengths

5. Scale reconstruction and comparison

Four scale ranges (300-1000 km, 200-300 km, 80-200, 20-80 km) are wavelet-filtered:
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Vertical wavelengths are derived from measurements, but horizontal wavelengths
need to be corrected based on modelled phase orientations. Measured flux according
to Ern et al. (2017) corrected with 30 deg phase angle relative to track is shown
below, but should the angle be chosen depending on horizontal scale?

Lage M1 Md2 Conclusions so far:

Model results (+5 K contour line above)
are in reasonable agreement given the

:E 3 limitations, but:
£ - Modelled amplitudes are too high,
= due to wave breaking?
: ~3 - Larger horizontal scales are missing,
20 2 why?
10 ) - Comparison with horizontal
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ECMWF IFS fields is not good, likely
due to horizontal wind shear
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3. Linear Fourier ray model (Eckermann et al., 2014)

u (mis) v (m/s) N (rad/s) T(K) no. harmonics (x 1ed)

In steady state FR simulations in a 4096x4096 km domain, MWs excited by
orography propagate in the background atmosphere taken from ECMWF and are
filtered at each height by critical levels or turning points. The north-westerly forcing
12 h prior to flight (black) is favourable for MW propagation into the stratosphere.
Limitations are that only linear GWs are modelled, and the background atmosphere
is constant in time and location.

4. GW phase orientation above mountains
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Simulated T' (11 Sep 12 UT atm.) showing
superpositions  of  approx.  orthogonal
mountain waves of 10-20 km horizontal
wavelengths (indicated by green lines) with
altitude. HALO (grey lines) samples the
mountain region (contour, extent as in terrain
map in 1) approx. along and orthogonal to
the phase lines. Wave breaking likely occurs
in whited regions (steepness > 1).
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