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POLVAR: Polarimetric Variables

HMM: Hydrometeor Mixtures
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HMC: Hydrometeor Classification
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HMC: Hydrometeor Classification

RADAR

HM

Comparison:

 Comparison between model and

observations only statistically

(time/space shifts)

 The A-priori definition of

different HM classes and

numbers

Unphysical class attributions:

 Uncertain of HM class properties

define by theoretical scattering

simulations (solid phase)

Tyynetla et al. 2011

 Impact of radar observation

accuracy on HM typing

Park et al. 2009

Reliability of HMs in mixtures:

 A less represented HM class may

be identified as dominant in HM 

mixtures due to disproportional 

impact on PolVar
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PFO: Polarimetric Forward Operator
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MODEL 

POLVAR

Strategy:

A direct comparison of 

simulated and observed 

distributions of polarimetric

moments
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MODEL 
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Strategy:

Comparison of 

modelled hydrometeor 

space-time distributions 

with a sophisticated 

polarimetry-based 

HMC (classification 

AFTER clustering; 

Grazioli et al. 2015)



Comparing challenges and strategies

MODEL 

HMM

RADAR 

POLVAR
RADAR

HM

HMC

PFO

V. Pejcic 14

MODEL 

POLVAR

HMC

MODEL 

HM

HMMU

HMMU: Hydrometeor Mixture Unraveling (Besic et al. 2018)



Comparing challenges and strategies

MODEL 

HMM

RADAR 

POLVAR
RADAR

HM

MODEL 

POLVAR

HMC

PFO

V. Pejcic 15

RADAR

HMM

HMC

MODEL 

HM

HMMU



Comparing challenges and strategies

MODEL 

HMM

RADAR 

POLVAR
RADAR

HM

MODEL 

POLVAR

HMC

PFO

V. Pejcic 16

RADAR

HMM

HMC

MODEL 

HM

HMMU



f=~5 GHz

Radar Data

Radars: 17 dual-pol C-band 

Resoution: 5 min x 1° x 1km

Frequenz: ~5 GHz

Elevation: terrain following (0.5° – 1.8°)

Range: 150 km

Composit: 1km x 1km x 0.25km x 5min 

Radar:  2 dual-pol X-band  

Resoution: 5 min x 1° x [25m – 150m]

Frequenz: 9.3 GHz

Elevation: 10 (1° - 28°)

Range: 150km

Composit: 0.5km x 0.5km x 0.25 km x 5min
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Agglomerative Hierarchical Clustering (AHC)
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Agglomerative Hierarchical Clustering (AHC)

Precipitation classification
Stratiform/Convective

Steiner et al. 1995, Ribaud et al. 2019

Random Selection depending on Reflectivity
RND(Z) from reflectivity intervals

(0dBz to 70dBz in 2.5 dBz steps)
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Agglomerative Hierarchical Clustering (AHC)



V. Pejcic 22

Agglomerative Hierarchical Clustering (AHC)

Optimal number

of clusters
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Agglomerative Hierarchical Clustering (AHC)

- State of the Art HMC (Zrnic et al. 2001, Dolan 

and Rutledge 2009, Thompson et al. 2014)

- Independent observation (2DVD Grazioli et al. 

2015, Airborne in situ Lukach et al. 2020)

- Logical/physical conclusions
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Startiform

Convective

AHC of X-band Composite
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AHC of X-band Composite
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Example for clustering based HMC

QVP (X-Band)

16 Nov 2014
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Example for clustering based HMC

HMC(AHC) HMC(Thompson)

HMC(Dolan) HMC(Zrnic)
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On the way to Hydrometeormixtures

P(RAIN) P(SNOW) P(ICE)

P(GRAUPEL) P(MELTING) ENTROPY

Entropy

(Besic et al. 2018)
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Preliminary Comparison [ICON vs RADAR]
Relative number of counts with dominant HM (mass concentration)

Startiform Convective
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Thank you for your attention!

Outlook:

 Comparison observed and

synthetic PolVars

 HMC on synthetic and observed

PolVars

 Comparison of model and radar

hydrometeor mixtures (Besic et 

al. 2018).


