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FO sensitivity:

Figure 1: (left) Observed 

and simulated (top) time-vs-

height QVP and (bottom) 

contoured frequency-

temperature diagram of a 

stratiform event. (right top) 

Sensitivity of mean QVP to 

shape & orientation of snow 

in the forward operator.

➔ Reduced effective density proxies, like spheroids or plates in T-Matrix, 

underestimate polarimetric effects – the more, the lower their density

➔ Makes attribution of OB deviations difficult–are they due to model or FO 

issues?–, particularly in the aggregation and dendritic growth layers, where 

low density particles dominate

➔ Polarimetric scattering properties of realistic ice and snow particles are 

needed, but so far only few data for oriented particles exist

Approaches to approximate equivalent 

shape of inhomogeneous particles:
front view side view

1) increase mass(keep 

D, AR, r)

2) reduce max. dim. 

(keep m, AR, r)

3) change aspect 

(keep m, D, r)

4) reduce density 

(keep m, D, AR)

Weather model

ICON

1-&2-mom bulk

scheme

Radar forward
operator(s)

EMVORADO 
polarimetric, 

multifrequency

Frozen hydrometeor model

Semi-lagrangian → single particle →

Realistic DDA scattering

Evaluation

TRIPEx-pol 

campaign

DWD radar network

●but... which?

Not just another database: Strategy Stage #1:

Construct/select crystals and aggregates with (current) ICON m-D of cloud ice

and snow, respectively

Stage #2:

Prediction of particle properties (e.g. size, shape, monomer number & shape) by

McSnow & aggregation model

Selection of most suitable DB particle (mixture)  based on model

Stage #3:

Uncertainty analysis: Ensemble of particle (re-)predictions from stage #2

Requirements

1)Maintain consistency with model

2)Realistic particle modeling

3)Flexibility on orientation, sizes, 

frequencies

4)Keep EMVORADO usable in 

large-scale applications

Related questions / challenges

Are model microphysics self-consistent?

What is the uncertainty due to natural

variability of properties?

Link complexity back to bulk model state

[tech] Address dimensionality problem

efficiently

[tech] Preserve particle complexity in 

scattering lookup tables

1)Basic shape acc. to 

Reiter (2005) 3-parameter 

model

2)Adjust aspect ratio to match 

model-consistent m-D relation

Implementation

1a. Crystals with ICON m-D

3)Select Dmax on equidistant 

linear-in-D grid
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size D

D > 0.5mm

dendrites

D < 0.5mm

solid plates

Deriving scattering properties

1)Calculate in Particle Reference 

Frame: reduces 5D to 2D problem

⚫ On which grid?

2)Rotate polarization plane

3)Average over orientation distribution

Regular „lat-lon“?

+ Easy to implement

+ Great for horiz. 

aligned

− Inefficient

Icosphere?

+ Equidistant in solid 

angle

+ Efficient

− Not great for aligned

8-subdiv icosphere

642 nodes = 8.8° spacing (882 in lat-lon)
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b-distribution (canting) 

left to the user

First results

Legacy

• EMVORADO as polarimetric FO in ICON-D2 runs over German radar network

• soft oblate spheroids from T-Matrix

• shape, orientation from Ryzhkov, 2011

First-shot from-ScattDB setup

• (dry) cloud ice (ie crystals) from ScattDB

• dendrites only, ie PSD over D = 0.5..10.0mm only (legacy: 0.05..10.0mm)

• orientation as legacy (sb=10°)
• all other hydrometeors (and „wet“ sub-classes) as legacy

QVP (1 elevation [12°] at 1 station over

10h) Observation Legacy (T-Matrix) Scatt. DB (DDA)

ZDR

KDP

CFADs (10 elevations at 16 stations over 24h)
Observation Legacy (T-Matrix) Scatt. DB (DDA)

CFAD-based mean profiles

ZH ZDR KDP

T-Matrix

DDA

Obs

Discussion & Conclusions

• Cautionary note:

• take KDP (in part.) with care for lack of D<0.5mm contribution in SSDB data

• Polarimetric signals get stronger, ZDR in particular

• as expected when replacing reduced density proxies (e.g. Schrom, 2018)

• also, AR slightly lower in SSDB than in TMat (there: lower lim 0.2 for safety)

• Polarimetric signals show different dependency on Dmean

• T-Mat: decreases with D (decreasing spheroid density)

• SSDB: increases with D (or has peak at larger D)

• might lead to different conclusions when applied for model eval

• OB deviations rather get worse

• in crystal-dominated region ZDR too high in legacy, now even higher

• in aggregate-dominated region, increase somewhat makes up for lack in 

snow polarimetric signal

• Increasing OB devs 

suggestive of model 

microphysics issues(?), in 

particular too few, too large 

ice particles

• in line with generally 

observed issues of bulk 

microphysics

• in line with results from 

polarimetric radar 

microphysical retrievals

Retrieval 

from Obs

Retrieval 

from Sim

directly 

from model

Dmean

Ntot

TIWC

1b. Aggregates with ICON m-D

3)Select Dmax on quasi-

equidistant linear-in-D grid

2)Select m-D compliant 

aggregates

1)Aggregate ICON crystals using differential sedimentation kernel

2-500 monomers with
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