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Data assimilation experiments

® |CON coupled to KENDA zangl et al. 2015, Schraff et
al. 2016, Hunt et al. 2007

@ Data Assimilation method: LETKF

® Convective-scale resolution

® 40 ensemble members

® Continuous cycling June-August 2023

® ‘Campaign reanalysis’

® Assimilation of
. operational observations
« Campaign observations
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Systematic differences SWM - CTRL analyses

In westerly flow conditions (85% of timesteps)

u analysis difference at 1500m a.s.l.
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The DWL network slows the
zonal wind, most strongly in
the lower troposphere.

The signal spreads east and
west, well beyond the

campaign area.
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Systematic differences SWM - CTRL analyses

In westerly flow conditions (85% of timesteps)

u analysis difference at 1500m a.s.l.
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The DWL network slows the
zonal wind, most strongly in
the lower troposphere.

The signal spreads east and
west, well beyond the

campaign area.

It strengthens the meridional
wind, peaking in the mid-
troposphere.

This signal spreads to the
southeast.
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Systematic differences SWM - CTRL analyses

In westerly flow conditions (85% of timesteps)

u analysis difference at 1500m a.s.l.
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Systematic differences SWM - CTRL analyses

* In westerly flow conditions (85% of timesteps)

u analysis difference at 1500m a.s.l.
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Observational coverage and increment

Observational coverage [47.5°N - 48.5°N]

Analysis increment (zonal wind)
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Observational coverage and increment

Observational coverage [47.5°N - 48.5°N]

Analysis increment (zonal wind)
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Partial analysis increments (PAIl): formulation (1/2)

® Partial analysis increments as diagnostic for LETKF data assimilation systems,
Diefenbach, 2023. QJRMS.

® Investigate the 3D structure of the analysis contribution of one observation in model space

® Analysis state Xa = Xp + K(yo — H(xp))
® Analysis Increment ox = Xg —Xp = K(yo — yb)
® Partial Analysis Increment 6xj = K; (Vo = ¥b);

p

@ Total AnaIySiS Increment Z 5:Ej — 0x = 0xprLoT + 0TTEMP + 0ZsyNOP + 0ZapsaB + OZRADAR + OZRAD
=1
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Partial analysis increments (PAIl): formulation (2/2)

® |tis possible to express K in terms of standard LETKF output data products as:

1
Kioe = 7—— X, YaT R_l cp
k—1
® Ensemble analysis Perturbation Matrix in model space X.
® Ensemble analysis Perturbation Matrix in observation space Y,

® Observation Error Covariance R (diagonal)

B [ ocalization matrix £ = Phror © Pyer
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PAI of single PILOT profile - single day (1/4)

® PILOT at 47.59°N:;8.12°E with 64 assimilated observations of u and v winds.
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PAI of all observations - single day (2/4)

® ALL: PILOT, SYNOP, RADAR, RAD, AIREP, GPSGB

PAI ALL->u | 1km Analy5|s increment u | 1km
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PAI of all observations - single day (3/4)
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PAI of all observations - single day (4/4)

[47.5°N - 48.5°N] An. incr. -> U TOT -> U PILOT -> U RADAR -> U
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Mean PAI - June to August 2023 - Zonal Wind

Analysis increment Total PAI

= An. Incr. and PAI both fit
the sign correctly; the
difference is mainly due to
inflation effects that PAI
does not account for.
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Mean PAI - June to August 2023 — Zonal Wind

Analysis incremen t Total PAI PILOT
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Mean PAI - June to August 2023 — Zonal Wind

Analysis increment Total PAI PILOT RADAR

U — Zonal wind

- PILOT drives the increment
i in the troposphere
- AIREP opposes it at 500—
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Pressure [hPal]

Pressure [hPa]

PAI — June to August 2023 — Meridional Wind

Analysis increment Total PAI PILOT RADAR

- - - V — Meridional wind

. PILOT and AIREP both
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Contributions are
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PAI — June to August 2023 — Temperature

Analysis incremen t Total PAI PILOT RADAR

2001 - ] - T — Temperature

300 A

' ' _ . SYNOP drives the surface;
500 1 T C} T gi RAD and AIREP the UTLS

- RAD and AIREP oppose

1000

[hPa]

Pressure

SYNOP AIREP GPSGB RAD

each other in the UTLS
200 71 -W 1 T
' (

E 3001 -/\/-,\/\/-—\/ ] |
=
E
3
A
¥ 500 A
o

700 ] -

850 1

1000 T T T T

6°E 8°E 10°E 6°E 8°E 10°E 6°E 8°E 10°E 6°E 8°E 10°E
—0.150 —O.IO‘!S 0.075 0.150
PAI of T incremen t [K]

21 | Results B Maurus Borne - 3 July 2026 A\‘(IT



[hPa]

Pressure

PAI — June to August 2023 — Humidity

Analysis increment

Total PAI
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Q — Humidity
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RAD . .
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Relative Contributions of each observation type

B . PILOT contributes most to U and V
5 in the lower and middle
- iy troposphere, while the upper
= = AIREP-T troposphere is dominated by AIREP
mmm AIREP-U
AIREP-V and RAD.
1000 mmmm RADAR-RADVEL
CI) 2I0 4I0 6I0 8IO 1(I)O CI) 2I0 4I0 6I0 8IO 100 RADAR-RREFL
% Contribution to total PAI % Contribution to total PAI W= RAD-RAWBT
pmmmm RAD-REFL
s TEMP-T
s TEMP-U 49° N
TEMP-V
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mmmm SYNOP-T2M 48° N
s SYNOP-U10OM a
SYNOP-V10M 47 N
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Relative Contributions of each observation type

100

mmmm PILOT-U
PILOT-V
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TEMP-V
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SYNOP-V10M
SYNOP-RH2M
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Pressure [hPa]

Pressure [hPa]
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% Contribution to total PAI % Contribution to total PAI

= PILOT contributes mostto U and V

in the lower and middle
troposphere, while the upper
troposphere is dominated by AIREP
and RAD.

PILOT also has a strong
contribution to q and T, particularly
in the middle troposphere around
600 hPa.

- Lower troposphere g and T is mostly

influenced by SYNOP, while RAD and
AIREP play a larger role in the upper
troposphere.
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Observation distribution (1/2)

Weighted sum Sum obs
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Observation distribution (2/2)

Weighted sum Sum obs Localization length by observation type
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1 1 Observation Horizontal (km) Vertical (log-p)
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Departure statistics (O-B) of AIREP observations

U \ T
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Conclusions

- The SWM wind-lidar network leaves a coherent, systematic fingerprint on the mesoscale analysis:
In westerly flow conditions, it slows the zonal wind, strengthens the meridional wind, and spreads
well beyond the campaign area

- PILOT/DWL dominates the wind increments in the lower and middle troposphere, thanks to both
the dense network and its large localization length; it also reaches T and q near 600 hPa.

- Some observation types contribute with opposite signs in the same layer (AIREP vs PILOT wind in
the mid-troposphere). This is suboptimal and points to a vertical-localization issue: observations
still influence the analysis a few km above or below where they measure.

- The departure statistics of AIREP shows improvement in the lower troposphere (~800 hPa): a first
indication of positive impact.

- Residuals mainly arise from inflation effect and observations outside the localization radius.
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Effective observation impact

Effective observation impact
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Relative Contributions of each observation type
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How are the observation localized?

Horizontal localization
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Gaspari—Cohn function: Gaussian-shaped curve that decays to zero after the cutoff radius
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How are the observation localized?

Horizontal | lization i i i
orizontal localizatio Vertical localization
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Overview of ground-based campaigns

108
RV Polarstern cruise ANT-XXIX/6 AMM’:EUOE .
ATREC 2003 Concordiasi 2010 [ ">16% 997
107 - oé |
T-PARC 2008 . YOPP-SH Summer SOP 2019
= AMMA 2006 HyMeX 2012
< @W  MARCUS 2017 v . :
= NATRec 2003 PEJ( 2013 ° A TR;C
'g 10° - . MAP 1999
[) o L ] WY
o DACCIWA 2016 Ax = 40 km
c NEAQS 2004 °
.% |
5.
2 10°3 DA Method:
3 @ 4dvar Instrument Type: SWE:'E: "‘f‘i‘fs:“ﬁ
@ 3dvar ® sounding + gps Ax =2 km
10%- ® EnKF B windprofile # radar
@ hybrid A aircraft ¥  mwr
@ nudging & surface
0 20 40 60 80 100

Courtesy J. Thomas
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TOTAL PAI
PILOT 200
~—~ PILOT-U ©
PILOT-V =
AIREP 5
--- AIREPT © 400
AIREP-U -
AIREP-V 600 4
RADAR |
-~ RADAR-RADVEL 800 -
RADAR-RREFL 1000 L— | . | | |
RAD -0.15 -0.10 -0.05 0.00 0.05 0.00 0.05 0.10
--- RAD-RAWBT [ms™]
RAD-REFL
100
49°N TEMP ot
. ~—- TEMPT
48°N TEMP-U
TEMP-V
200 -
Q
47°N -~~~ TEMP-RH =
o
o GPSGB <
46°N GPSGB-ZPD £
(%))
~—- SYNOP-T2M =
5°EG°E 8°E 10°E -~~~ SYNOP-U1OM
SYNOP-V10M 000
SYNOP-RH2M 800
Al (total) 1000 1
= PAI (total) —0.125-0.100-0.075-0.050-0.0250.000 0.025
(K] [kg kg™*] le-5
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Inflation

Xa — /pXa

X, — Xa+ fadaBY?b
B: Background

covariance matrix
b: Random vector
drawn from the
standard
multivariate
normal distribution
fadd: Scaling
factor (0-1) with O
= no inflation

X, — (1 —a)X, + aXp

100 ] ‘0_ '.. k\
a)u
\\:"n\ .,
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“":'\ ., |
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Q.‘h ."u
HT—"::, -~
— s
200 - ~,
L.,
©
o
=
L
>
A
<]
a 400 A
600 A
‘— |Al — ZPAI| (residual)
, == 1-p (mult. inflation)
800 - - vB (additive)
- J = Op—0, (RTPP)
1000 T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 0.0

normalised profile

0.4 0.6
normalised profile
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