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Figure 1.1: Schematic of the dual-strategy for model evaluation. The left branch
illustrates model evaluation in radar observation space via the comparison of mea-
sured polarimetric variables and signatures (lower left blue box) with their simulated
counterparts (upper left grey box) via a forward operator applied to the model out-
put (upper right grey box). The right branch illustrates the model evaluation by
comparing simulated state variables (upper right grey box) with their radar-derived
counterparts (lower right blue box) using microphysical retrievals. The application
of microphysical retrievals (indicated with the top blue dashed box and arrow) to
synthetic radar variables for comparison with the simulated state variables allows for
an additional cross-check for retrieval accuracy and forward operator uncertainties.

weather prediction (NWP) models [14, 10] and in the forward operator, which might
even require parameters not available from the model, such as liquid-phase-ice-phase
partitioning, hydrometeor shape, orientation, and density (see also [15]). Profiles of
observed and forward simulated (synthetic) polarimetric moments are compared and
discussed taking these challenges into account. In addition, the comparison of ZDR-
columns in observations and model simulations is combined with a comparison of
radar-derived and modelled updrafts and hydrometeors to better locate discrepancies
and identify e.g. the processes specific to convection that may not be well represented
in the model.

The comparison of radar-derived model state variables, e.g. the comparison of
profiles of radar-derived ice microphysical retrievals, which have been evaluated with
in-situ measurements, with simulated quantities (e.g. ice water content IWC), ap-
pears to be more straight-forward and simple at first glance. However, this approach
is hampered by uncertainties and challenges of the retrievals itself. Here the applica-
tion of the microphysical retrievals also to the synthetic radar variables (Figure 1.1,
top semi-transparent arrow with dashed lines), constitutes an additional cross-check
regarding retrieval and forward operator accuracy. The study for the representation
of hydrometeor types may serve as an example. Several state-of-the-art polarimetric
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Observation

’Bringi-book run’

- broad ML

- high ZDR spread below

ML

’state-of-our-art run’

- finer ML

- realistic ZDR spread

CFTDs(12°) for all DWD radars on 25-07-2017 00:00-23:55 for stratiform PPIs
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OP HM II: 20-05-2022



RADOLAN RY for on 20-05-2022 15:00 - 15:55

- convective day with many storms

5 tornadoes in Germany:

→ 15:00 UTC in Paderborn

(FLD radar)
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→ obs with strong attenuation

PPI (2.5°) for FLD on 20-05-2022 15:00
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→ obs with strong attenuation

→ mod with broader rain field

PPI (2.5°) for FLD on 20-05-2022 15:00
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However: two ZDR columns apparent (C1, C2)

(high ZDR above ML in convective situation indicates uplifted rain)

PPIs (4.5°, 1.5°) for FLD on 20-05-2022 15:00 with ZDR columns
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→ high values of ZH in all levels

→ vertical extend of high values in other moments smaller

C1: PPIs (4.5°) and pseudoRHIs (303.5°) for FLD on 20-05-2022 15:00
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→ core updraft of w ∼ 10m/s

→ specific contents for rain, graupel, and hail are high

C1: pseudoRHIs (303.5°) with w, qr, qg, qh for FLD on 20-05-2022 15:00
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→ raindrops ∼ 1mm are to small for producing significant ZDR

→ hail ∼ 5mm dominates signal

C1: pseudoRHIs (303.5°) with median volume diameters of r, g, and h
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→ C2 higher than C1 (∼ 12 km) with ZH , ZDR , and ρHV similar structure

→ enhanced KDP values in 12 km

C2: PPIs (4.5°) and pseudoRHIs (230.5°) for FLD on 20-05-2022 15:00
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→ core updraft of w ∼ 12m/s

→ specific contents for rain, graupel, and hail are high but differ: more graupel mass

C2: pseudoRHIs (230.5°) with w, qr, qg, qh for FLD on 20-05-2022 15:00
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→ small raindrops < 0.5mm

→ bigger hail stones ∼ 15mm dominates signal

C2: pseudoRHIs (230.5°) with median volume diameters of r, g, and h
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C1 + C2: ZDR-columns in ICON/EMVORADO for FLD on 20-05-2022 15:00

→ ZDR -columns are there, however with a weak ZDR signal

→ following two moment scheme produces only small rain drops

→ updrafts generates hail and graupel (quicker than in obs?!)

? adjust PSD for rain in convection ?

? slow down freezing in updraft ?
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→ limited meaning for the storm areas

CFTDs for FLD on 20-05-2022 (whole day & VOL)
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boundary: 25 ≤ max(ZH) < 45 in column storm core: 45 ≤ max(ZH) in column

CFTDs for FLD on 20-05-2022 (whole VOL and storm area, only ZH and ZDR)
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Conclusion



Conclusion

ICON/EMVORADO is further improved towards

→ a more realistic ML

→ a better representation of ZH and ZDR below ML

→ showing ZDR -columns

However:

→ too high ZDR values in storm cores (below 0°C)

→ too low ZDR values in storm cores (above 0°C)

17



July, 2024 J.Steinheuer@uni-bonn.de

OPERATION HYDROMETEORS II
Julian Steinheuer1,2, Velibor Pejcic1,2, Jana Mendrok2,3, Ulrich Blahak2,3, Silke Trömel1,2
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