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Ice water content (IWC) clustering in mixed-phase clouds (MPC)

● Liquid droplets and ice particles often mixed 
heterogeneously → hydrometeor clusters 

– Larger sclaes (few km)

● Dominate ice inhomogeneity [1]

● Due to ice formation and growth processes

Research question: 

● What is the influence of riming on spatial 
variability of ice in MPC?

 Adapted from Korolev et al. (2017) 

[1] Deng et al. (2024)
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(Collocated) Flights during IMPACTS & HALO-(AC)³
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Cloud streets during HALO-(AC)³

(Collocated) Flights during IMPACTS & HALO-(AC)³

https://worldview.earthdata.nasa.gov/
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(Collocated) Flights during IMPACTS & HALO-(AC)³

in situ

radar



Research question: What is the influence of riming on spatial 
variability of ice in MPC? 



I. Riming occurence

II. IWC variability 

Research question: What is the influence of riming on spatial 
variability of ice in MPC? 
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How much riming occured? 

IMPACTS HALO-(AC)³

[2] Seifert et al. (2019)

● Similar amount of riming during both campaigns:

– Lots of lightly rimed particles 

– Few heaviliy rimed particles

● M … normalized rime mass [2]
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How much riming occured? What is the impact on IWC?

● IWC calculated by integrating the product of ice particle mass and number

– Accounting for riming → mass parameterization for rimed particles 

– Neglecting riming → mass parameterization for unrimed particles 

● 66 % and 63 % of IWC due to riming during IMPACTS and HALO-(AC)³, respectively

IMPACTS HALO-(AC)³

[2] Seifert et al. (2019)
[3] Maherndl et al. (2023)

● Similar amount of riming during both campaigns:

– Lots of lightly rimed particles 

– Few heaviliy rimed particles

● M … normalized rime mass [2]

[3] 
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Ice cluster spatial scales

● Pair correlation function η

– IWC cluster probability

 

● IWC calculated:

– Accounting for riming IWC
r

– Neglecting riming IWC
u

● Flight segments with fixed 
distance x km

● Calculate average η as function 
of lag y km
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Ice cluster spatial scales
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Ice cluster spatial scales

?
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Ice cluster spatial scales

Updrafts!
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Updrafts → enhanced riming → additional ice clustering

HALO-(AC)³
1 April

https://worldview.earthdata.nasa.gov/
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Updrafts → enhanced riming → additional ice clustering

HALO-(AC)³
1 April

→ Manuscript in preparation (submission to ACP planned)

https://worldview.earthdata.nasa.gov/
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„Typical“ clouds during:

IMPACTS HALO-(AC)³

● Deep mid-latitude winter storms

● Cloud tops 6-8 km

● Shallow Arctic cold air outbreak roll 
clouds

● Cloud tops often below 1 km

(b)
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Riming in arctic mixed-phase clouds (MPC)

● Supercooled liquid droplets freeze onto ice crystals 

● Research mainly qualitative

● In this study:

– Normalized rime mass M (Seifert et al., 2019) 

Adapted from Waitz et al. (2022)M=
mrime
m g

mg=
π
6

ρrimeDmax
3

Dmax ...maximum dimension(m)

mrime ... rimemass (kg )
m g...mass of Dmaxequivalent graupel (kg )

ρrime ... rime density (700 kg /m
3
)
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Collocated radar and in situ data:

Measured radar 
reflectivity Ze

at in situ flight altitude

Particle size distributions

Simulated Ze
at in situ flight altitude

Radar forward 
simulator

(PAMTRA)

riming-dependent 
parameterization [3] for 
ice particle properties 

Remote sensing: radar

In situ: cloud probes

Find M 
such that

=

Z
e 
= function(M)

[3] Maherndl et al. (2023)
[4] Maherndl et al. (2024)

► combined method [4]
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● Defined as:

where P(0) is the parameter at a given 
point, P(r) the parameter at the lag r from 
that point and P the average.

● P … number of ice particles Ni or IWC

● η> 0 → occurance of clustering

● η= 0 → homogeneous Poisson

How to quantify spatial variability? 
→ Pair Correlation Function (PCF)
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Ice cluster spatial scales: example flight segment

● IWC calculated from PSD and 
mass-size relation

– Accounting for riming IWCr

– Neglecting riming IWCu

● Flight segments → random 
subsegments with distance x 
km

– Calculate pair correlation as 
function of lag y km

● Positive η → ice clusters 
e.g., 10 km segments
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Why does riming enhance ice 
clustering at 3-5 km scales 
during HALO-(AC)³?

● CTH as proxy for updraft regions

● On days with more riming → 
updrafts at 3-5 km

● Not necessarily higher LWP
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What is the influence of riming on spatial variability 
of ice in MPC? 

1) Increases probability of ice clusters 

● Mid-latitude & Arctic: regions with liquid and ice 
→ riming → increase in ice mass 

● Arctic: updraft regions of cloud streets

2) Arctic cloud streets: additional ice clusters at 3-5 
km scales ← enhanced riming in mesoscale 
updraft regions 

Manuscript in preparation (submission to ACP planned)

Detailled summary and outlook

1)

1)

2)
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