
Particle Scattering Focus Group

Report based on 
inputs from FG members and review of literatures



A big “Thank You” to Stefan Kneifel



Importance for 
radiometer 

observations

TBs calculated from 
WRF simulation of 
hurricane Rita, 
assuming different 
particle shapes



Importance for radiometer 
& radar observations

Z-S relations, assuming different particle shapes
Hiley et al. (2011)

RTTOV-SCATT Simulated TBs,  assuming 
different ice shape for snow, graupel 
and cloud ice (Geer et al. 2021)

Land

Ocean

WP=2 kg m-2



Particle Scattering Focus Group
• Goal: Exchange ideas/work on:

• How to build “radiatively” realistic particles (shape/density/structure/melting etc.) ?
• How to efficiently compute/approximate their single scattering properties?
• How to implement these properties in radiative transfer models or radar reflectivity 

computations?
• What are the requests from algorithm development group regarding to scattering 

database?

• Activities:
• Characterize ice particle shape/density/structure, etc.
• Generate scattering database
• Implement scattering database into radiative transfer models, constrained by 

observations
• Want to hear: “I’d like to have scattering properties for such type(s) of particles” 



Build “models” of particles
Real Worlds Idealized

Field & Heymsfield (2003)

MASC images 
by Tim Garrett

Eriksson et al. (2018)Maruyama & Fujiyoshi (2005)



Constraints to “idealized” particles
• Mass (m) – size (D) relation:   𝑚𝑚 = 𝑎𝑎𝐷𝐷𝑚𝑚𝑚𝑚𝑚𝑚

𝑏𝑏

• Controls how “dense” of a particle is. Typical values for b is 2 to 3, with 
compact particles b close to 3 while fluffy particles b close to 2.

• Brown & Francis (1995), Francis et al. (1998), Heymsfield et al. (2013), Yang et 
al. (2000)

• Aspect ration: 𝛼𝛼 = 𝐷𝐷𝑤𝑤/𝐷𝐷𝑚𝑚𝑚𝑚𝑚𝑚
• Important for radar measurements of oriented particles
• 0.6~0.8 (Korolev and Isaac, 2003)
• Observations by MASC (Garrett et al., 2015)



ARTS particles  by Eriksson et al. (2018) 

𝜌𝜌𝑒𝑒 =
6𝑎𝑎
𝜋𝜋 𝐷𝐷𝑏𝑏−3



MASC obs of snowflakes’ aspect ratio and orientations 
Garrett et al. 2015 GRL

Max Dimension (mm)
Aspect Ratio
Orientation (degree)



A method to construct particle from images: 3D-GAN (generative 
adversarial network) by Jussi Leinonen et al. (2021, AMT) 

From triplet MASC images, generate

• Total mass
• 3D structure
• Internal mass distribution

Useful for constructing realistic 
snow particles



M-D relations based on 3D-GAN   (m=aDb)



Ways to compute ice particle scattering

• Mie with some assumption of dielectric constant
• T-Matrix with some assumption of dielectric constant
• Variety of Rayleigh-Gans Approx.
• DDA
• …
• New method development - K.-S. Kuo’s poster 



Scattering Databases
Compiled by Kneifel et al. (2020)

ARTS database



The Atmospheric 
Radiative Transfer 
Simulator (ARTS) 

database
• The most complete one thus far – 

compiled existing ones and created 
new ones

• DDA method, Well documented, 
freely downloadable

• Implemented as “standard” in 
RTTOV-SCATT & CRTM

• Eriksson et al. (2018)

https://doi.org/10.5281/zenodo.1175572

https://doi.org/10.5281/zenodo.1175572


snowScatt – Ori et al. (2021) 
• Over 50,000 Aggregates particles, including 

rimed ones
• Self-similar Rayleigh-Gans Approx. (SSRGA)
• https://github.com/OPTIMICe-team/snowScatt



Melting particles – Johnson et al. (2015)

• Selected melting particles
• DDA computed scattering 

properties
• Showed significant 

difference of Z and TBs 
depending melting 
fraction



What are lacking?

• Need more understanding for riming and melting particles, particularly
• Riming particles:

• Need particle structure info
• Melting particles 

• Need particle structure info
• Need good scattering computation method

• Ultimate question: which particle(s) are suitable for a given 
cloud/precipitation type?

• Consistency studies
• Implementation to radar/radiometer simulators



Implementation to RTTOV-SCATT 
– Geer et al. (2021)

• Use RTTOV-SCATT with 
ECMWF environmental 
variables

• Compare with SSMIS OBS 
for 13-22 June 2019

• Consider other factors 
simultaneously (see right)

• Use a cost function to find 
best matches 



Implementation to RTTOV-SCATT 
– Geer et al. (2021)

Cost function is “mean difference” and 
“skewness” between simulated and observed TBs



CRTM Implementation – Moradi et al. (2022)

• ARTS scattering database
• Shape selectable, but defaults 

are:
• LargePlateAggregates for snow
• GemGraupel for graupel
• GemHail for hail
• IceSphere for cloud ice

• ATMS channels example 
(Hurricane Irma, IFS input)



Radar – Radiometer OBS consistency
- Aonashi et al. (also see his presentation)

• Use collocated DPR Ku/Ka and 
GMI 89 and 166 GHz TBs. 

• Four types of ice particles:
• Sector snowflake (Liu 2008)
• Lightly rimed aggregates (Ori et 

al. 2021)
• Heavily rimed aggregates (Ori 

et al. 2021)
• Graupel (sphere)

• Example of OLYMPEX 
2015/12/03 Case 

(a) (b)

(c)

(a) DPR Zmku @3km (dBz)
(b) DPR DFR @3km  (dBz)
(c) GMI TB166v (K)



TB166v calculated from DPR Ze and DFR for (‘15/12/3/15 UTC) 
with particle models of (a) snowflake, (b)aggregates, (c )rimed 
aggregates, (d) graupels (sphere)

(a) (b)

(c) (d)



Most likely particle models estimated from 
GMI TB166v (TBo-TBc)

• Blue: Snowflakes
• Green: Aggregates
• Orange: Rimed aggregates
• Red: Graupels (Spheres)



Radiometer OBS consistency among different channels

• Low-freq Microwave: emission signal
• GMI 19 GHz D=TBv-TBh

     Use: 1-D/D0   D0: Clear-Sky D
• High-freq Microwave: scattering signal

• GMI 166 GHz PCT=(1+𝛂𝛂)TBv-𝛂𝛂TBh
Use: 1-PCT/PCT0   PCT0: Clear-sky PCT
Also, do this for 89 GHz

Microwave Obs over ocean:

1-D/D0 @ 19GHz

More Liquid



Which particle shape(s) leads 
to better distribution match?

WRF Simulations w/ RT conversion

Composite PDF from 66 GMI observed 
hurricane/typhoon scenes during 2017
(based on JAXA tropical storm database)

Long Columns

OBS

3-b Rosettes

SectorsDendrites

19 GHz

166 GHz



Disclaimer: Just Proof of Concept 

ciR3snSectgr03

OBS

Sphere (0.1)

Find Good Matches

66 Cases of Tropical Storms



Cloud Type Dependent Considerations
GMI Observations

66 Tropical Storms (2017) Winter (Jan-Mar) NW Coast Winter (Jan-Mar) NE Coast

19 GHz

16
6 

G
Hz



Moving forward
- Suggested for focus group discussions

• Identify gaps in the scattering database 
• Crystals/aggregates  with low b values?
• Riming particles
• Melting particles

• Enhance simulators with realistic particles
• Radiometer simulators: RTTOV-SCATT, CRTM,…  
• Radar simulators (melting layer, etc.)

• Consistency studies
• Model – observation consistency; Radar-Radiometer consistency
• What to use in simulators: Guidance for data assimilations, algorithm 

developers  --- from “reality” to “idealized”, or “what should be used as 
defaults in popular simulators?”



Survey Questions
• What are your interests in particle scattering studies:

1. Ice particle microphysics (morphology, structure, density, …)
2. Scattering computation methods
3. Radar/Radiometer simulators
4. Application of ice scattering table in algorithm development/data assimilation etc.
5. Other _________

• For scattering table developers, what are the challenges for you to generate scattering tables
1. How to generate realistic particles
2. Suitable computational method
3. Don’t know what users need

• For scattering table users, 
1. Couldn’t find the particle shape I want in existing tables, such as _________
2. Don’t know what particle shapes are best suited for my study
3. I’d like to have the scattering table arranged/archived in a way like  _____________

• I have the following suggestions to better coordinate studies among members in our group
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