« Acknowledgments:

Multiple SIP
mechanisms:
organisation by

Deepak Waman, LU, Sweden |
Akash Deshmukh, LU, Sweden .
Sachin Patade, LU, Sweden

Martanda Gautam, LU, Sweden

Paul DeMott, CSU, USA

Greg McFarquhar, lllinois Uni., USA .
Paul Connolly, Manchester University, UK

cloud-type and
by cloud age

Vaughan Phillips
Docent

Department of Physical Geography
and Ecosystem Science,

ENERGY Lund University (LU), Sweden

ARM/ASR MEETING, USA, 9 AUGUST 2023


http://www5.lu.se/upload/GrafiskProfil/Logotyper/Logotyper_Lundsuniversitet.zip
http://www5.lu.se/upload/GrafiskProfil/Logotyper/Logotyper_Lundsuniversitet.zip

. ASR Background

("a‘, Atmospheric
s <+  System Research

E Y
38

 History of SIP thinking in community

1970s — 1990s: Lab studies

2000s: modern aircraft studies

2010s: modeling of SIP

- HM (1974) process of
rime-splintering

- Rangno (2008) and
Lawson et al. (2015) —
observe raindrop- - Korolev et al. (2011)

freezing fragmentation | anti-shatter tips on

- lab expts for
raindrop-freezing
fragmentation (RF),
sublimational breakup

(SB) and breakup in (RF) probes - Cloud modeling of
ice-ice collisions (BR) - New aircraft observed cases
_ Harris-Hobbs and campaigns aboutice |- Deshmukh et al.
Cooper (1987) finds initiation (2022) treat
correlations in aircraft - Workshop at ?;éo)llmatlonal breakup
data for HM process Manchester on SIP
- Formulations of BR, || Lab expts (Hartmann,
R Mainz group, Lund,
RF and cloud
. . Manchester ...)
simulations
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« SB from Deshmukh et al. o
(2022). .

- theoretical formula fitted to ]
published data from Hallett B

* Quasi-equilibrium concentration
uring descent
* Dbalance between continual 8.

emission and destruction during
descent
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« BR by Phillips et al. (2017),
y p ( 2)2):

improved by Gautam (20 Number of Fragments v/s CKE

4 e Modern probe in N Sweden « a) Dendritic (Golden Day) b) Non-Dendritic (Silver Day)
+ Qualitative confirmation of . 14 0 Ohore
formulation dependencies oo " , 2, ¢ Odspene
 More fragmentation than in 2017 ¢ A g
formulation £ | . £ 1 0
h ¢ ¢ i
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e RF: gzo-g §* x 0 % 6
« Mode 1: quasi-spherical freezing z —— 2
(Phillips et al. 2018) 0 + e Soee
« Mode 2: freezing on impact with N T * 0 Scheme
more massive ice (James et al. 00 02 04 05 08 10
2021) CKE (Joules) le-6
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> ASR Validation of cloud simulations with 4 SIP
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* |ce concentration validated for several cases
in AC simulations

* Cold-based US convection (STEPS):
Phillips et al. (2017);

* Warm-based US convection (MC3E, 11t
and 20t May): Waman et al. (2022,
2023); Patade et al. (2022)

* Layer-clouds (ACAPEX in USA and
APPRAISE in UK): Waman et al. (2023)

* Very warm-based convection
(GOAMAZON): Gupta et al. (2023,
Nature Comm)

* Breakup in ice-ice collisions prevails overall
for mesoscale cloud systems

* long time-scales

e But: for a parcel simulation of ascending
convective turret, RF and HM process prevail

* short time-scales
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. ASR oOrganisation of SIP among cloud-types

Atmospherlc
System Research

3\ Sk
‘ 25°C
1 SB HM Go-Amazon
HM 101-102  § 101-102 (Very warm-based
(most of MPR) (lower half of convective clouds)
S RF L MPR)
?g MC3E
g_‘ (Warm-based
g convective clouds )
% RF
- 3-101
g (lower half of
o= MPR)
&)
) S
STEPS
& ()  (Cold-based
convective clouds)
0°C _
1040 < 100 —15 » 20
IE ratio Vertical Velocity (m/s)
10% T,=17°C
cb
= HM
= RF
= SB
10°

LUNDS
ARM/ASR MEETING, USA, 9 AUGUST 2023 UNIVERSITET



http://www5.lu.se/upload/GrafiskProfil/Logotyper/Logotyper_Lundsuniversitet.zip
http://www5.lu.se/upload/GrafiskProfil/Logotyper/Logotyper_Lundsuniversitet.zip

ASR Cloud Age and SIP
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