Gravity wave observations by Rayleigh lidar:
extreme events, downward propagation, AMTM
comparisons and coupling to tides

Activities of the DLR lidar group during DEEPWAVE Jand beyond

Natalie Kaifler, Bernd Kaifler, Benedikt Ehard,
Robert Reichert, Andreas Dornbrack
and Markus Rapp

Steve Eckermann,
Dominique Pautet, i
Mike Taylor A

i DLR



VR
Quick outline oA
0. About us \
1. Extreme events '\\
2. Downward propagating GW waves / ?

3. GWn lidar and AMTM

4. Tides in lidar and NAVGEM

.....

fe réﬁ[g;m orrow
{ ’,»\..t \ 3 “ SNgad

}
w, 5
. g
"y
i o

i DLR



Who we are

‘ 449 MHz BL radar (NCAR)
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Available Rayleigh lidar data sets




1. Extreme events
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1 Aug 2014, Lauder Ehard et al., 2017, JGR

High-amplitude mountain wave

1) Wave breaking due to
instabilities

2) Refraction of GW into
the PNJ

- Need for observations
upstream of hot spots
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Jul — Oct 2014, Lauder

E, Probability Density Functions

LIDAR Observations
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Jul — Oct 2014, Lauder Kaifler et al., 2017, in preparation

E, Probability Density Functions

LIDAR Observations ECMWF
1.0000g — T T T T T T T T T T T T3 1.0000F — T T T
i 55 km

0.1000 0.1000 - 5km 4
_ ~ i 35 km
2 3>
2 2 :
> 0.0100 > 0.0100 - 4
E ; 2 i E
A 1 a i

0.0010 ] 0.0010 - \ J

0.0001 ‘ ‘ . - 0.0001 ‘ L o . o ‘

0 20 40 60 80 100 0 20 40 60 80 100

GWPED (J/kg) GWPED (J/kg)

Long tail with high
energy densities

* No/little growth with altitude
Extreme events * No ,tails”: extreme events missing?

* Hourly profiles

i DLR

* Energy densities are generally smaller




Jul — Oct 2014, Lauder

E, Probability Density Functions
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Jul — Oct 2014, Lauder Kaifler et al., 2017, in preparation

Extreme Events — Where in the Atmosphere?

LIDAR Observations
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Jul — Oct 2014, Lauder Kaifler et al., 2017, in preparation

Extreme Events — Where in the Atmosphere?

LIDAR Observations
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Jul — Oct 2014, Lauder Kaifler et al., 2017, in preparation

Extreme Events — Where in the Atmosphere?

LIDAR Observations NAVGEM
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Jul — Oct 2014, Lauder Kaifler et al., 2017, in preparation

Extreme Events — Where in the Atmosphere?
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A few cases with large energy
densities in the stratosphere
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* We do not have lidar
observations for these events




2. Downward propagating waves
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14 Jul 2014, Lauder Kaifler et al., JASTP, 2017

Case 1: High-amplitude downward propagating waves
during deep propagation condition
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16 Feb

2016, Sodankyla

Kaifler et al., JASTP, 2017

Case 2. GW generated by PNJ at 50-65 km
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3. AMTM comparisons

i DLR




13 Dec 2015, Sodankyla Reichert, master thesis

Case 1. Mesospheric mountain wave

mn 160km =

200 km

3

14:00 15:00 16:00 1_7(_)0__ :ﬂg _19_:2_ __202_ __23:09_ 22:00 J-?:':'?me OOOL _1:00_ _200_ ﬂo 5 ﬁ_ _Sﬂl 6:00
: e A ==
o et P R « Horizontal struct.ures in keogram
; . T e = indicate mountain waves
= - * Derive GW parameters from lidar
R and AMTM by spectral analysis
“E _ « 16 km vertical wavelength
- - « 20 km horizontal wavelength
F I16 I18 | -
13 Dec 2015

i DLR




13 Dec 2015, Sodankyla Reichert, master thesis

Case 1. Mesospheric mountain wave

mn 160km =

200 km
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16/17 Dec 2015, Sodankyla Reichert, master thesis

Case 2: Wave breaking event

mn 160km =

200 km
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16/17 Dec 2015, Sodankyla Reichert, master thesis

Case 2: Wave breaking event
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21 Jan 2016, Sodankyla Reichert, master thesis

Case 3: Large phase tilts
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21 Jan 2016, Sodankyla Reichert, master thesis

Case 3: Large phase tilts
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4. Coupling to tides
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14 Jul — 28 Aug 2014, Lauder

Epoch analysis revealing tides
Composite DLR Lidar at Lauder
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14 Jul — 28 Aug 2014, Lauder

Epoch analysis revealing tides

Composite DLR Lidar at Lauder NAVGEM
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14 Jul — 28 Aug 2014, Lauder

Comparison to NAVGEM: diurnal and semidiurnal tide
Cpmposite DLR Lidar at Lauder NAVGEM
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26 - 28 Aug 2014, Lauder

Large amplitudes on short time scales

Comp NAVGEM
100 T : : 100 Frr T I e L
90 .
80F g . 25
- . "t g
E 70 5 E ] °
~— r c ~ 5 S
g S g ©
= F o =] 5 5
= L 3 = A -
< g = ] 2
: g ] 15
50F qu =
-25H =25
40~ 1
305\|||\|||H|\\\| \Ill\/\lll\lE L1l L1 ||\\\7
6 8 10 12 14 16 18 20 6 8 10 12 14 16 18 20
Hours UT Hours UT
3 days, 26-28 August 3 days, 26-28 August

i DLR




26 - 28 Aug 2014, Lauder

Large amplitudes on short time scales

Composite DLR Lidar at Lauder
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29 Aug — 2 Sep 2014, Lauder

Afterwards: lower amplitudes

Composite DLR Lidar at Lauder
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Variability

NAVGEM NAVGEM
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Variability

NAVGEM - NAVGEM
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Local time effects of gravity waves

« Gravity waves with vertical 20f R
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Local time effects of gravity waves?
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Summary

« Horizontal propagation of a high-amplitude mountain wave

 Probability density functions of gravity wave potential energy
density

« Extreme events either in stratosphere or mesosphere
 Detection of downward propagating waves

 Hints for generation in stratosphere and thermosphere
« Same waves visible in lidar and AMTM

 Very good agreement of tide analysis for lidar and NAVGEM
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