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Unpredictability of Research

Anticipated before project MADEIRA result

Multi-station approaches for

explosion datasets Quite straightforward Not done

Synergies: infrasound & meteor

radar datasets Quite straightforward Not done

Probing gravity waves over long time-
series

Accomplished

Feasible (see EGU23 pres. Vorobeva et al.)

Probing middle atmospheric tides Feasible Only started

Direct mapping between global infrasound
& stratospheric vortex strength in m/s

Proof-of-concept

Very ambitious (see EGU23 pres. Eggen et al.)

Assimilation into atmospheric models Extremely ambitions Proof-of concept published
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One-pager designed in proposal elaboration phase

Constraints to wind & temperature

- 30-60 km: ground-based infrasound
- 70-100 km: ground-based meteor radar

Innovative approaches
— Multi-station & multi-source infrasound:

Forced

PROJECT
Initial valu
problem i
—J 7 1 | 4§ _§ |
day week month |season year decade century

Weather Seasonal to Long term climate
predictions interannual change projections
predictions

benefitting from fact that infrasound probes a path (not just point-wise)
— Constraints / assessments both to numerical weather

prediction initial values & output ensembles

Paving the way for numerical weather prediction improvements

- Introduction of high-top models
= enhanced predictions

— Potential for added model constraints when exploiting

additional middle atmospheric dynamics data
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Need a source:
repeating explosions

— Finnish military ammunition
destruction August, September

— =20 tons TNT yield

320 km — 1S37 & ARCI arrays
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Exploiting these explosions
for probing
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Probing small-scale structures,
gravity (buoyancy) waves

Andgya Space, Norway, Facebook, March 2023
The Vorticity Experiment (VortEx) to better understand gravity waves and their interactions as they propagate
from the mesosphere into the lower thermosphere. Pl: G. Lehmacher, Clemson University, South Carolina
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Vorobeva, E., Assink, J., Chunchuzov, |., Renkwitz, T., Espy, P., and Nasholm, S. P.: Using infrasound from explosions for probing internal gravity waves in the middle
atmosphere, EGU General Assembly 2023, Vienna, Austria, 24-28 Apr 2023, EGU23-6993, https://doi.org/10.5194/egusphere-egu23-6993, 2023.

Vorobeva, E., Assink, J. D., Espy, P. J., Renkwitz, T., Chunchuzov, I. P., & Nasholm, S. P. (2023). Probing gravity waves in the middle atmosphere using infrasound from
explosions. ESSOAr preprint 10.22541/essoar.167751606.66986048/v1
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Vorobeva, E., Assink, J. D., Espy, P. J., Renkwitz, T., Chunchuzov, I. P., & Nasholm, S. P. (2023).
explosions. ESSOAr preprint 10.22541/essoar.167751606.66986048/v1
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Sensing a spatial average of wind component

Estimating tropospheric and stratospheric winds using
infrasound from explosions

Erik Marten Blixt,"® Sven Peter Nasholm,' Steven J. Gibbons," Laslo G. Evers,?"®
Andrew J. Charlton-Perez,® Yvan J. Orsolini,* and Tormod Kveerna'

'NORSAR, Gunnar Randers vei 15, 2027 Kjeller, Norway

Delft University of Technology, Applied Geophysics & Petrophysics, Delft, Netherlands

*Department of Meteorology, University of Reading, Reading, United Kingdom

4N0rw0gian Institute for Air Research, Norway J. Acoust. Soc. Am. 146 (2), August 2019
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Cross-wind
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Mean cross-wind from infrasound [m/s]
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ARTICLE
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Atmospheric wind and temperature profiles inversion using
infrasound: An ensemble model context

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

. Vera Rodriguez,’® S. P. Nasholm, ™ and A. Le Pichon®®
'NORSAR, Kjeller, Norway

2CEA, DAM, DIF, F-91297 Arpajon, France
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FIG. 6. (Color online) Inverted models for the inversion runs presented in Table I. Lighter gray colors are models with larger cost. The model with the low-
est cost has a thicker black line. Red dashed-lines are the members of the ERAS-ensemble used to initialize the inversion in all cases. Similarly, the horizon-
tal, red dashed-lines represent the initial reflection altitudes (39 km and 38 km for inversion runs #1-#3 and #4—#6, respectively). The thicker, solid red line
is the ensemble member that lies closest to the best inversion result. Panels (a), (b), and (c) display the model parameters. Panel (d) shows the average of the
cross differences between all inversion results and all ensemble members for adiabatic sound speed (blue), zonal wind (orange), and meridional wind
(yellow).

Vera Rodriguez, Ismael, Sven Peter Nasholm, and Alexis Le Pichon. "Atmospheric wind and temperature profiles inversion
using infrasound: An ensemble model context." The Journal of the Acoustical Saciety of America 148.5 (2020): 2923-2934.
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First paper on assimilation of infrasound

into atmospheric models

Received: 13 September 2019 Revised: 16 April 2020 Accepted: 20 April 2020

DOI: 10.1002/qj.3809

RESEARCH ARTICLE

Quarterly Journal of the
Royal Meteorological Society

ERMetS

Assimilation of atmospheric infrasound data to constrain
tropospheric and stratospheric winds

Javier Amezcual® | Sven Peter Nisholm?® | Erik Mérten Blixt? | Andrew J. Charlton-Perez?
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Traveltime & backazimuth deviation:
EC = —T tan (AQ)

Ensemble Kalman filter:

Observation
operator

/
Yy = thrue +mn

/ \ Observation

Observation (data) error with
expectation =0
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Atmospheric sensing from
a quasi-continuous source

Microbarom source due to ocean swell
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Ocean swell = microbarom infrasound
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De Carlo, M., Hupe, P., Le Pichon, A., Ceranna, L., & Ardhuin, F. (2021, April). Validation of a general microbarom source model using
20 global infrasound observations of the International Monitoring System. In EGU General Assembly Conference Abstracts (pp. EGU21-12043).
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Ann. Geophys., 39, 515-531, 2021

https://doi.org/10.5194/angeo-39-515-2021 Annales
© Author(s) 2021. This work is distributed under Geo o) h ysS icae
the Creative Commons Attribution 4.0 License.

Benchmarking microbarom radiation and propagation model
against infrasound recordings: a vespagram-based approach

Ekaterina Vorobeva!2, Marine De Carlo>*, Alexis Le Pichon>, Patrick Joseph Espy', and Sven Peter Niisholm?>

IDepartment of Physics, Norwegian University of Science and Technology, Trondheim, Norway

ZNORSAR, Kijeller, Norway

3The French Alternative Energies and Atomic Energy Commission (CEA) — DAM, DIF, 91297 Arpajon, France
4Laboratoire d’Océanographie Physique et Spatiale (LOPS), Univ. Brest, CNRS, IRD, Ifremer, IUEM, Brest, France
>Department of Informatics, University of Oslo, Oslo, Norway
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Geophys. J. Int. (2023) 232, 274-286 https://doi.org/10.1093/gji/ggac307

Advance Access publication 2022 August 11
GJI Seismology

Predicting infrasound transmission loss using deep learning

Quentin Brissaud “,! Sven Peter Nisholm ;1> Antoine Turquet!' and Alexis Le Pichon?
I NORSAR, Solutions Department, Gunnar Randers vei 15, 2007 Kjeller, Norway. E-mail: quentin@norsar.no

2 Department of Informatics, University of Oslo, PO. Box 1080, NO-0316 Oslo, Norway
- T = T T

3CEA, DAM, DIF, F-91297 Arpajon, France
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Mapping microbarom data to stratospheric polar vortex diagnostics
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Hupe, P., Ceranna, L., Le Pichon, A., Matoza, R. S., & Mialle, P. (2022). International Monitoring System infrasound data products for atmospheric
studies and civilian applications. Earth System Science Data, 14(9), 4201-4230. https://doi.org/10.5194/essd-14-4201-2022
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Stratospheric polar vortex probing from high-latitude infrasound

Paper in preparation
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ERA-5 1hPa polar cap average
zonal wind: ground-truth

» 5 years infrasound to

train a specialized neural net

= Direct mapping between
infrasound data &
stratospheric winds

= Can be implemented in
real-time

Eggen, M. D. and Vorobeva, E. and Midtfjord,
A. D. and Benth, F. E. and Hupe, P. and
Brissaud, Q. and Orsolini, Y. and Le Pichon, A
and Listowski, C and Nasholm, S.P. In
preparation. See also separate EGU
presentation



IS18 IS37 IS53

2 2 1
1 1 - )
[}
£ . S
£o - 20 ’ X -1 e o
; > * e > ° N
1 1 -2
-2 2 -3
2 - -

Eggen, M. D. and Vorobeva, E. and
Midtfjord, A. D. and Benth, F. E. and Hupe,
P. and Brissaud, Q. and Orsolini, Y. and Le
Pichon, A and Listowski, C and Nasholm,
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In preparation

Directly mapping
infrasound recordings to
upper stratospheric zonal
wind zonal mean

inm/s

Relevant to stratospheric
diagnosics

Eggen, M. D. and Vorobeva, E. and
Midtfjord, A. D. and Benth, F. E. and Hupe,
P. and Brissaud, Q. and Orsolini, Y. and Le
Pichon, A and Listowski, C and Nasholm,
S.P. EGU
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—— ERA5 ensemble mean
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MADEIRA general aspects
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Approach & reflections

30

Used Journal paper subprojects as frameworks for collaboration
Funder gave great flexibility regarding WPs and Milestones from proposal

Extensive guest research program greatly reduced due to Corona

Exensive project internal workshop and visit program cancelled due to
Corona:
Only one all-consortium meeting: the kick-off!

— Maybe these are not needed?
— Maybe at the cost of less integration of some partners?

— Would have made PhD candidate life much easier if visits with partners were
possible from the start

“n \\4 wwww“w%w
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Thank you!

Research Council of Norway
FRIPRO/FRINATEK, Contract 274377

Middle Atmosphere Dynamics:
Exploiting Infrasound Using a Multidisciplinary Approach at High Latitudes (MADEIRA)

So many friendly and creative colleagues !

Javier Amezcua Mari Dahl Eggen Tormod Kvaerna

Jelle Assink Patrick Espy Alexis Le Pichon
Evgenia Belova Edouard Forestier Steffen Meeland

Fred Espen Benth Steven Gibbons Yvan Orsolini

Marten Blixt Rob Hibbins Kristina Rognlien Dahl
Quentin Brissaud Patrick Hupe Ismael Vera Rodriguez
Andrew Charlton-Perez Kamran Iranpour Antoine Turquet
Marine De Carlo Johan Kero Ekaterina Vorobeva
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Scientific works and public outreach, sorted by year
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