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Campaign 1
December 2013

Campaign 2
January 2016
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Falcon Doppler Wind Lidar IOP 1 - 3 Dec 2013
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ALOMAR
• MST radar
• MF radar
• Meteor radar
• Rayleigh/Raman/ 

Doppler wind lidar
• Fe-Lidar
• (Na-Lidar)
• AMTM
• GRIPS
• radiosondes
• LITOS balloon

GWLCYCLE core campaign January 12 – February 3

KIRUNA
● Meteor radar
● AMTM
● Rayleigh/Raman lidar
● Falcon
● HALO
● radiosondes

Sodankylae
● Rayleigh lidar
● AMTM
● radiosondes
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Wind measuremenst (global)

Newnham et al., AMTD, 2016
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Wind measuremenst (global)

Newnham et al., AMTD, 2016

GW resolving wind measurements
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DoRIS day validation: lidar vs. rocket

Oct.7, 2015 Baumgarten et al. - ARISE

WADIS Campaign, June, 2013

rocket
lidar
Saura radar
ECMWF model

….
11 Superloki / Starutes

Daytime!

Stanev, Diploma, 2014

~20 km 
separation

<2 km 
separation



Dec. 10, 2016 Baumgarten et al. @ Deepwave/NRL

How to make sure we have a common volume?

WADIS-2 Starute trajectories



Dec. 10, 2016 Baumgarten et al. @ Deepwave/NRL

DoRIS validation: lidar vs. rocket

WADIS Campaign, March, 2015

example March 14, 2015
20:36 UT

Lübken et al., AMTD, 2016

lidar
rocket

closer to lidar beam
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DoRIS validation: lidar vs. rocket

WADIS Campaign, March, 2015

example March 14, 2015
20:36 UT

Lübken et al., AMTD, 2016

closer to lidar beam
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RMR Measurement statistics
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1h resolution

5 min resolution

Fe

RMR

Combining T-Measurements of Fe and RMR lidar
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Fe-Lidar Temperatures 2008/2009/2014/2015/2016
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Comparison of Lidar, rocket and OH Temperature mapper (WADIS-2)
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Combining T from Fe, RMR and OH: To be done
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Combinig multiple instuments at ALOMAR

Fe Lidar

RMR Lidar

Meteor Radar

RMR Lidar

Meteor Radar

RMR Lidar

Fe-data: J. Höffner
Meteor data: G. Stober

January 09 – 12, 2016
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Combinig multiple instuments at ALOMAR

Fe Lidar

RMR Lidar

Meteor Radar

RMR Lidar

Meteor Radar

RMR Lidar

January 19 – 24, 2015

Fe-data: J. Höffner
Meteor data: G. Stober
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Times of quasi monochromatic GW

How do GW show up in different
quantities?

50h
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hodograph analysis / example

● combining u' and v' wind perturbations 

– vertical wavelength: 7.4 km /propagation: upward

– horizontal propagation: northeastward (or southwestward)

– intrinsic period: 9.4 h

● combining u' and T': northeastward
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Table of GW properties

background gravity wave
stability direction

phase
speed
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Geller&Gong,2010

PCoriolis= 12.8 h (69°N)

January 21/23, 2012:

Gravity wave energy density

● energy density decreases:
waves transfer momentum to mean flow

● at lower altitudes more energy in larger 
scales



Dec. 10, 2016 Baumgarten et al. @ Deepwave/NRL

GW energy – January 2012,2014,2015

Epot & Ekin (J/m3) Epot + Ekin (J/m3) Ekin/ Epot
Hildebrand et al. ACP, 2016
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GW energy – January 2012,2014,2015

Epot & Ekin (J/m3) Epot + Ekin (J/m3) Ekin/ Epot

Casestudy January 21, 2012

Hildebrand et al. ACP, 2016
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GW energy – January 2012,2014,2015

Epot & Ekin (J/m3) Epot + Ekin (J/m3) Ekin/ Epot

Casestudy January 21, 2012

Hildebrand et al. ACP, 2016
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Kinetic and potential energy spectra

although RMR Doppler 
lidar wind measurements 
are technical challenging:

GW might be easier to 
identify in wind 
measurements
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How to estimate the Background

Mean

2d Spline

butterworth
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GW and variable background
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21–23 Jan. 2012 22 Jan. 2015

13 Feb. 201612–14 Jan. 2016

Vertical wavelength spectra / Vortex location
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21–23 Jan. 2012 22 Jan. 2015

13 Feb. 201612–14 Jan. 2016

Vertical wavelength spectra / ECMWF vertical wind
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Radar results
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MST radar @ ALOMAR
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Atmospheric Tomography and multi-static networks
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MMaria concept
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F

M. Gerding, F.-J. Lübken, A. Schneider
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10 m
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Conclusions

● Data treatment to pull out GW information even on large 
dataset of single instruments working

● Combined datasets available, but analysis has just begun
● Combination with model data just started
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ECMWF High resolution (1h, 7 km x 14 km) – Jan/Feb. 2016 – Andenes
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9 – 20 January 2016
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9 – 20 January 2015
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