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→ Ice particle shape and density have a large 
influence on the spatial partition of 

convective and stratiform region
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Scientific objective:

1) Observe how convective and stratiform 
regions evolve over time
→ horizontal statistics (Obs. vs WRF)

2) Retrieve ice particle shape and density
from DWR + ZDR and LDR + VEL
→ vertical statistics of cloud microphysics

3) Are models right for of the right reasons?
→ connect microphysical profiles with

horizontal context 

Research Gap
What role do ice particle properties play in the partitioning in 

convective and stratiform regions?



Phase 1: Combination of two spatially separated radars
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RHI scans of POLDIRAD (C-band) RHI scans of MIRA-35 (Ka-band)+

Stratiform snowfall precipitation in 2019 

Tetoni et al. (2022)



Phase 1: Retrieval development ZDR + DWR (PhD Eleni Tetoni)
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Brown and Francis (1995)

Yang et al. (2000)

Soft spheroid model

Mass-Size-Relationships

Varying aspect ratio (AR), median mass diameter (Dm) 
and ice water content (IWC)

Scattering simulation look-up 
tables in PyTMatrix
Leinonen (2014)

Retrieval
Ze, DWR, ZDR-> IWC, Dm, AR

Tetoni et al. (2022)



Phase 2: Outlook

RHI data of C-band and Ka-band 
radars pointing to each other

T-matrix with soft spheroids

Ze, DWR, ZDR-> IWC, Dm, AR

• Simultaneous measurement of ZDR, 
MDV, LDR

• Dedicated or operational radars ?
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Phase 2: Outlook

RHI data of C-band and Ka-band 
radars pointing to each other

T-matrix with soft spheroids

Ze, DWR, ZDR-> IWC, Dm, AR

• Simultaneous measurement of ZDR, 
MDV, LDR

• Dedicated or operational radars ?

• T-matrix ↔ DDA (PRISTINE)
• Variable mass-size-relationships (P3)
• Reflectivity-weighted MDV simulations
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Phase 2: Outlook

RHI data of C-band and Ka-band 
radars pointing to each other

T-matrix with soft spheroids

Ze, DWR, ZDR-> IWC, Dm, AR

• Simultaneous measurement of ZDR, 
MDV, LDR

• Dedicated or operational radars ?

• T-matrix ↔ DDA (PRISTINE)
• Variable mass-size-relationships (P3)
• Reflectivity-weighted MDV simulations

Ze, DWR, ZDR, LDR, MDV
→ IWC, Dm, AR, shape, m(D)
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Phase 2: Combination of two spatially separated radars

Research question 1: dedicated / operational ?
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Data from past and 

coming years

Phase 2: Combination of two spatially separated radars

Research question 1: dedicated / operational ?
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Phase 2: Combination of two spatially separated radars

Research question 1: dedicated / operational ?
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Phase 2: Case study on 01.02.2018
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Phase 2: Case study on 01.02.2018
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Phase 2: Case study on 01.02.2018

DLR.de  •  Chart 15

M
IR

A

Profiles + RHI, 23km 



Phase 2: Case study on 01.02.2018
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Phase 2: Case study Cirrus-HL on 08.07.2021 
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Phase 2: DWD data from 07.07.2019
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Phase 2: Outlook

RHI data of C-band and Ka-band 
radars pointing to each other

T-matrix with soft spheroids

Ze, DWR, ZDR-> IWC, Dm, AR

• Simultaneous measurement of ZDR, 
MDV, LDR

• Dedicated or operational radars ?

• T-matrix <-> DDA (PRISTINE)
• Variable mass-size-relationships (P3)
• Reflectivity-weighted MDV simulations

Ze, DWR, ZDR, LDR, MDV
-> IWC, Dm, AR, shape, m(D)
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1st Year of the PhD so far

T-Matrix Simulations

• Changed from Eleni´s
single/double model
approach to the p3 model

• Added MDV as simulation
output

Mass-Size-Relationship
𝑚 = 𝛼 𝐷𝛽

Coefficients change depending
on model

P3 model alters the mass-size-relationship depending
on D and introduces riming fraction FR

Morrison and Mildbrandt (2015)



1st Year of the PhD so far

T-Matrix Simulations

• Changed from Eleni´s
single/double model
approach to the p3 model

• Added MDV as simulation
output

Area-Size-Relationship
𝐴 = 𝛾 𝐷𝜎

Coefficients change depending
on model

Log10D (m)

Fall velocity 
(cm/s)

MH05
KC02 
KC05
Modified MH05 

Khvorostyanov and Curry (2002)
Khvorostyanov and Curry (2005)
Mitchell and Heymsfield (2005)
Heymsfield and Westbrook (2010)



Backup
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Phase 2: Combination of two (or more) spatially separated radars
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Extract vertical profile of C-band RHI scan at 

position of Mira-35 for all available RHI scans

HP



Phase 1 results: Ice retrieval case study of 30.01.2019 at 10:08 UTC
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Timely matching Mira data pixels to RHI/PPI scan times

Measurement times RHI/ 
RHI extracted from PPI
T = 0s
T = +20s
T = +40s
T = +60s

Measurement time of Mira 
Profile (wrong average time 
of 20s for better 
understandability)
T = 0s
T = +20s
T = +40s
T = +60s

Extracted quasi-vertical profiles over Mira

Timely matched profile



Phase 2: Outlook

RHI data of C-band and Ka-band radars
pointing to each other

T-matrix scattering simulations based on soft 
spheroid model and mass-size-relationships

Ze, ZDR, DWR -> AR, Dm, IWC

• Ka-band zenith pointing profile scans (Mira-35)
• C- band RHI scans towards Ka-band (Poldirad at 

DLR or C-band radar at Hohenpeißenberg)
• Operational DWD network radar data

• T-matrix scattering simulations based on soft 
spheroid model and mass-size-relationships

• Predicted particle properties scheme (P3) 
introducing riming factor (FR)

• Reflectivity-weighted MDV simulations
• Incorporation of DDA calculations

• Radar variables: Ze, ZDR, DWR, MDV, LDR
• Microphysics: AR, Dm, IWC, FR, prolate/oblate
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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

27

RQ3: Sensitivity studies

Motivation Measurements Simulations Results Conclusions

RQ3: Sensitivity studies
Contribution of polarimetry

Tetoni et al. (2022), AMT
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Phase 2: Case study Cirrus-HL on 08.07.2021 
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Phase 2: Case study Cirrus-HL on 08.07.2021 
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Phase 2: Case study Cirrus-HL on 08.07.2021 
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Motivation: Radar geometry to constrain microphysics
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Hydrometeor zoo in clouds

Columns

Aggregates
Hail

Rain

Snow Plates

One Radar:

Not enough to properly 

constrain microphyscis



Motivation: Radar geometry to constrain microphysics
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Multi-wavelength approach:

Hydrometeors look spherical 

from below -> shape 

assumption necessary
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Motivation: Radar geometry to constrain microphysics
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Multiwavelength + Polarimetry from 

oblique perspective:

No shape assumption necessary

Fall speeds + LDR measurements

Hydrometeor zoo in clouds

Columns

Aggregates
Hail

Rain
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Phase 1: Summary

RHI data of C-band and Ka-band radars
pointing to each other
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Phase 1: Summary

RHI data of C-band and Ka-band radars
pointing to each other

T-matrix scattering simulations based on soft 
spheroid model and mass-size-relationships
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Phase 1: Summary

RHI data of C-band and Ka-band radars
pointing to each other

T-matrix scattering simulations based on soft 
spheroid model and mass-size-relationships

Ze, ZDR, DWR -> AR, Dm, IWC
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