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Multi-wavelength techniques:
• usually vertically pointing radars 
• assumption of particle shape

Multi-wavelength + polarimetry:
• spatially-separated scanning radars 
• particle shape can be constrained
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State of the Art
Constrain ice microphysical properties with multi-wavelength radar measurements
Our novel approach
Combine multi-wavelength radar measurements with polarimetry
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Research questions of this study

1. Can we combine two spatially separated radars to derive information about 
the size of detected ice hydrometeors?

2. Can we obtain adequate ice microphysics information using a simple 
particle model and different assumptions for 3 degrees of freedom?

3. How do the microphysical assumptions affect the retrieval of ice 
m i c r o p h y s i c s ?  
Which one is the most substantial? What do we gain by adding polarimetry?
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 Synergy of POLDIRAD (DLR, Oberpfaffenhofen) and MIRA-35 (LMU, Munich).

 Stratiform precipitation in the cross-section area was monitored.

 Snowfall events from winter 2019 were investigated using ZDR + DWR 

measurements. 

Photo by Florian Ewald
Photo by Martin Hagen Photo by Bernhard Mayer
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*Investigation of the initiation of convection and the evolution of precipitation using 
simulations and polarimetric radar observations at C- and Ka-band

RQ1: Combination of two spatially separated radars
        Motivation    Measurements        Simulations            Results          Conclusions



Stratiform, snowfall cases 
Large features captured by both 
radar beams.
N e g l i g i b l e  h y d r o m e t e o r s 
attenuation even in Ka-band 
cloud radar.

gaseous attenuation
(ITU + ECMWF ERA5)

ice mask

other error sources 
A z i m u t h a l  a n d  a b s o l u t e 
r a d i o m e t r i c  c a l i b r a t i o n , 
systematic and random biases

RQ1: Combination of two spatially separated radars – Considered aspects/errors
        Motivation    Measurements        Simulations            Results          Conclusions
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beam width differencespatiotemporal difference

Tetoni et al. (2022), AMT



Ice scattering simulations structured in look-up tables helped 
in ice microphysics retrievals. For the simulations we assumed:

• Soft spheroid density: mass-size relationship 

• Soft spheroid shape: varying the aspect ratio

• Oblates or horizontally aligned prolates

• PSD: Exponential particle size distribution with varying 
median size and ice water content
Typical for snow (e.g., Matrosov and Heymsfield, 2017).

RQ2: Developing an ice microphysics retrieval
            Scattering simulation assumptions

PyTMatrix
Leinonen (2014)

Soft spheroid model

Simulations of 
Ze, ZDR and DWR 

Compared to measured 
Ze, ZDR and DWR

                                     
                                        IWC, 
AR, �m 

color code: shape size mass
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Brown and Francis (1995)

Yang et al. (2000)
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mass                                                               shape                                                          
size

RQ2: Ice microphysics retrieval results
          Case study from 30th January 2019 at 10:08 UTC

Tetoni et al. (2022), AMT
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Averaged profiles of �� and IWC for oblate ice particles

Retrieval results 

red and blue shades: calibration error combinations for 

POLDIRAD 

(±0.5 dBZ) and MIRA-35 (±1.0 dBZ) 

 

Retrieval results + spatiotemporal and beam width errors 

dashed lines: results for horizontally aligned prolate ice 

spheroids

 

RQ2: Ice microphysics retrieval error

Tetoni et al. (2022), AMT
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Mismatch errors can local ly lead to s igni f icant 
differences. 
Calibration uncertainty significant for the whole profile.
Shape assumption equally significant for the retrieval 
of �� and less important for the retrieval of IWC.
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low elevation angles 0°−5°

RQ3: Sensitivity studies
          Mass-size relation

Residual DWR differences
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Tetoni et al. (2022), AMT
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-0.923 dB

+0.08 dB
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RQ3: Sensitivity studies
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RQ3: Sensitivity studies
          Particle size distribution

   μ = 0                                    
μ = 4

difference =  푟푒푠����=4 − 푟푒푠����=0  

푟푒푠����=0 
∙ 100 %

less than 5–10% larger than 20% 
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RQ3: Sensitivity studies
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RQ3: Sensitivity studies
          Horizontal flutter of ice particles

Average tumbling (σ) of ice 
particles while falling.

(e.g., σ = 2°–23° according to 
Melnikov, 2017)



possible retrieved 
size possible retrieved 

size

Above MIRA-35:

• the ambiguity for the different AR 
values is larger

• ZDR constrains the shape 

• ZDR helps in the size retrieval
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RQ3: Sensitivity studies
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RQ3: Sensitivity studies
          Contribution of polarimetry

Tetoni et al. (2022), AMT
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m(Dmax): most substantial, need the most representative to be found.

PSD: effect on the retrieved size and mass, low impact on the retrieved shape.

horizontal flutter: large effect on shape for large tumbling, also affects the size and mass.

oblate or prolate: significant for the size retrieval, less important for the mass retrieval.

 
 

RQ2,3: Simple particle model seems to work but the assumptions for ice spheroids should be 
carefully selected!
 

RQ1: Synergy of multiwavelength and polarimetry is possible! 
polarimetric measurements, aspect ratio can be constrained
ZDR provides shape information and contributes to the size retrieval above cloud radar

Take-home message

Some of these assumptions will be constrained in IcePolCKa 
Phase II.
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Thank you for your attention!
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• stratiform cases 
Large features captured by both radar beams.

• snowfall cases
Negligible hydrometeors attenuation 
(also at Ka-band).

• gaseous attenuation
      (ITU formulas + ECMWF ERA5)

• ice mask

• other error sources
azimuthal calibration, random and systematic, 
absolute radiometric calibration 
(±0.5 dBZ POLDIRAD, ±1.0 dBZ MIRA-35) 
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RQ1: Combination of two spatially separated radars
            Filtering and preprocessing of data 

Tetoni et al. (2022), AMT
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Oblate ice spheroids Prolate ice spheroids 

Shape assumption Parameter RMSE

Oblates
DWR 0.50 dB
ZDR 0.19 dB
Ze 0.20 dB

Horizontally
aligned prolates

DWR 0.61 dB
ZDR 0.25 dB
Ze 0.36 dB

Oblate ice spheroids that follow aggregates 
m(Dmax) and an exponential PSD can better 

explain our radar measurements.
 

 Yang m(Dmax)
Exponential PSD 

RQ3: Sensitivity studies
          Oblate or prolate assumption

Tetoni et al. (2022), AMT
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Ice Water Path (IWP) integrated from IWC.

IWP ~ 46 g m–2

IWP ~ 83 g m–2 

IWP ~ 137 g m–2

better agreement when ρeff = 1x ρeff 
aggregates
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RQ3: Sensitivity studies
          Mass-size relation

low elevation angles 0°−5°

The averaged IWP data from MODIS (Platnick, S., Ackerman, S., King, M. et al., 
2017) was found IWP ~ 90 g m–2 .

Tetoni et al. (2022), AMT
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ZDR bias: 

additional calibration validation following the 
Ryzhkov and Zrnic (2019) approach

Measurements were filtered for large Ze regions 
and intermediate temperatures for dry and large 
aggregates

Tetoni et al. (2022), AMT
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Lu et al. (2016)

2x ρeff aggregates

Our soft spheroids showed 1 dB lower values than 
ARM. Doubled ρeff spheroids could match ARM 
ZDR

Soft spheroids: 
low density, 
dipoles far away, not internal structure interactions, 
lower ZDR
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RQ3: Sensitivity studies
            Spheroid model
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We used our C-band radar KDP along with Ze to calculate IWC and IWP. 

Bukovčić yields a much higher mean IWP (~ 2308 g m–2) compared to our IWP (~ 80 

g m–2). 

Their method would assume a much smaller melted equivalent particle diameter 

(~300 μm vs. our retrieved ~1 mm). 

Bukovčić et al. (2018)


