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Ensemble DA systems

* Provide a natural estimate for uncertainty.

DA can be performed as a filter or as a smoother.
Different flavours.

« Ensemble reanalysis products becoming more popular.

« The weak constraint problem can be simulated by using
different model errors / physics / parameters in different
ensemble members.
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Study project (2015-2018) funded by the H2020 European
Commission. It includes 24 institutes and universities,
belonging to 10 European member states, 3 associated
countries, 1 international organization and 3 African
countries.

> more on the Arise European project

Technologies

Infrasound IMS network and Eurcpean infrasound network
(atmospheric waves and inversions in the stratosphere).
temperature).

The project will also use complementary stations including
radars, wind radiometers and ionospheric sounders. It
also use satellite observations.

> more about technologies

ARISE meetings

Thanks to the ARISE support
by the French MRSEI ANR
program, the following ARISE
meetings were organized to
ensure the project
continuation:

January 24-25 2019 : Paris

{France), organized by

Versailles University (UWVS0)

and CEA

Aprl 10, 2019 Vienna

{Austria) during the

EGU2019 meeting

June 5-6, 2019 Budapest

{Hungaria) organized by

C5FK

September 10-11 Paris

(France) organized by



Sound propagation

Waves propagate away from the source and they suffer attenuation:



https://www.youtube.com/watch?v=zwno1w_F3TQ

Sound propagation

Don’t forget other directions.



https://www.youtube.com/watch?v=zwno1w_F3TQ

Refraction and reflection




Refraction and reflection

The cross-wind can shift the apparent direction for the wave source.
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The geometry of the preblem
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What is the effective wind?



The “effective” wind

Af = arctan <w_> +n

vV




The “effective” wind

Af = arctan (%) + 7

vV




Simple case
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10,000 ensemble members
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Z-level

Simple case
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Z-level

Simple case
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Z-level

Simple case

«««s Background distribution
Wy
T
‘hwi' R A W Analysis distribution
4 . . A V] : SO L5} == B diagonal
o % . b o, . s 1
L ";e.- . L 1.,:::_ 3 ";:;' ‘\‘.‘1 : o ;
4 4= - N LA e L S LA B S (D UM, L= Analysis distribution
== B has exp(-z) decay
T
AT i TNETE . 'S 1 .
A E : i L s FE s Equivalent value of the
i Ny Mo e 2 X =& spservation in model spac
‘,{ - YW ) S L R ok ., (only invertible for the
w = b e i T ant T ag g i —— (L R —_—— i i
8 piz - . L o e e’ - first observation operator)
r‘ r.l r..l . ;F\ 1.l' r. ,‘ :
¥ \1. * . ! .’p\ 3 fr I"lh
£ % o N LA
f ‘\ ) M f‘r .'I" '..\. " * a" b l..-l
2 I-l'l" I'.I""—l;.ii--lu————ul-LI———i-l'l.":l‘.‘l‘n--".”‘ "o oa o :‘.""u:-.."- ."Ffa-".r I‘I"""'—-r.‘_'ln..___
o
;y i
i gt
[ PN e N
: 1 -l. / :" % "_. F \
I L 1 W N fi' o %
. F] Y z 2 ‘-\ 3 It LY
# b . PR ot i"'f s
1 P —— — s s EEE :""-I--lr'——-— —_—— s "famae --:T-l— et i T e ———
-20 O 20 40 60 -20 O

20 40 60 -20 0 20 40 60
cross wind cross wind cross wind



shift angle [rad]

]

celerity [m/s

Real case

For the real case | have 18 years of
explosions.

| know the perfect location of the source and
receivers, and the shift angle is measured.

Infrasound measurements from explosions
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height [km]

height [km]

Background values

ERA-5 winds. 10 ensemble members, 127 vertical levels.
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std of wc [m/s]

Problem reduction

We reduce the problem to 6 ‘distinctive’ vertical layers.

std of the cross wind
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Raw covariances (noisy)
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\ertical penetration and sensitivity
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\ertical penetration and sensitivity
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Time-dependent weights
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weights for different layers to compute the effective cross wind
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Results: effective wind

effective velocity influencing the infrasound wave
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Results: analysis in 2 layers
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[Diagnostics

analysis mean - background mean
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4. Summary and future work



Summary: impacts

analysis mean - background mean analysis var / background var
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analysis mean - background mean analysis var [/ background var
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- Assimilating infra-sound waves to constrain winds is possible.

- We did not verify the analysis. Against what? Independent
observations, another reanalysis? AEOLUS.

- When experimenting with inflation the impact was larger. Is it
necessary?

- Analyse diagnostic quantities.

- The problem was relatively straightforward.



The next problem
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Assimilation of infra-sound waves naturally and continuosly
generated: ARISE 3.



Comments
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- The problem is more challenging.
- Exact position of the source is unknown.

Hence celerity is uncertain.

Also the path is not clear.

The ray-tracing procedure is not that easy.
- When applied to forecasts it should have more impact.

- Longer distance travelled but also higher penetration.
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