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lce growth in mixed-phase: depends on supersaturation
and interaction with supercooled quUId

1 .
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Ice growth examples, in order of increasing supersaturation: (Korolev JAS 2007)

Ice grows with no liquid Ice grows from Liquid droplets grow
intermediate evaporating droplets and freeze into ice
DIRECT WBF RIMING
Images: Pruppacher & Klett 1998 In'Situ measurement Of the grOWth type iS diffiCUlt.

| PHIPS (CAESAR 2024)
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Deeper than appearances:
Each ice particle stores a record of its thermodynamic history.

o Encoded into its heavy water ratio:

SracERa e UDIO)

o normal (H20)

Rcond = Rvap O =

Jouzel and Merlivat (1984), Merlivat and Nief (1967), Majoube (1971) and Majoube (1970)
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A frozen droplet looks isotopically distinct from ice growth through deposition.
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If we can measure a, we can
determine how the ice
formed.

lice (T7 S)
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The cloud condensate and vapour must be co-located
to obtain a direct measurement of alpha (a).
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o Do the isotopic measurements yield physically realistic results? e RC
o Do we observe different ice growth signatures in the cloud? & — R
(¥
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In-cloud supersaturation from the condensate’s perspective:
Do the isotopic measurements yield physically realistic results?

oth T S)
€y —
{alce T S)

With direct measurement of a and temperature (1),
we only have two unknown variables:

phase (ice, lig) and supersaturation (S)

LIQUID REGIONS: Solve for supersaturation (S)
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In-cloud supersaturation from the condensate’s perspective:
Do the isotopic measurements yield physically realistic results?
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In-cloud supersaturation from the condensate’s perspective:
Do the isotopic measurements yield physically realistic results?
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In-cloud supersaturation from the condensate’s perspective:
Does the isotopic measurement yield physically realistic results?

R o T e e, e e T T o e e, e e e e o e e e e e e o e e e e e e o e e e e e e o T e e e TR o o e e e e e e e e e e e e e o e e e e e o e e TR e e TR e e e e o e e e o T e o e e o e e e e e Th e e e T e o Tt Th e, o, o, T, o, o o, T, o, o, o, "o, o, e, o, "o, o, "o, "o,

e )

P e
{ |

1
|
{ |

i :

; All cloud regions: 1| =T sstraton /e
} = |Ce saturation QTN y

E [ 110% sub/supersaturation
13 + Derived from isotopes (liq)
| + Derived from isotopes (ice)

(g (T, S)

-15+

{ AT
i R, A
| G-16} 7 1
?: GJ v 7

o .
? . > 4
i alce 2 oy N
1 - | vVia -
{ 7 g1’ vagsl ~ B
{ g_ _ :
5 .
i -18+ 5 . ot -
| ’ N 2
i VVV oF /
{ -19+ AN 80 .
i W a8 W

v v v &

: vy gy' Bai s
{ L v % ool Y RS E 4
| v 4 MR A
| wfv bt
I : AR AN 4
{ 21 v oo f l .
{ s an
i g v s

i 220 1

> 1 1.5 2 2.5
i Absolute humidity (hPa)
|

Elise Rosky | Postdoc, NCAR | emrosky@ucar.edu 10



Looking for specific ice growth regimes:
Do we see distinct isotopic signatures in the cloud ice?

Ozliq(T, S)
Uice (T7 S)

DIRECT WBF RIMING

In the ice and mixed,
we still have two

Ice grows with no liquid Iée grows from Liquid droplets grow
unknowns: & !

intermediate evaporating droplets ) and freeze into ice

lig/ice and
supersaturation
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Looking for specific ice growth regimes:
Do we see distinct isotopic signatures in the cloud ice?

[_Jlce Vapor Deposition
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Looking for specific ice growth regimes:
Do we see distinct isotopic signatures in the cloud ice?
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Looking for specific ice growth regimes:

Do we see distinct isotopic signatures in the cloud ice?
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Looking for specific ice growth regimes:

Do we see distinct isotopic signatures in the cloud ice?
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Looking for specific ice growth regimes:
Do we see distinct isotopic signatures in the cloud ice?

S = S’ice

Ice grows with no liquid
intermediate

é N

| evaporating droplets )

Sice < Sl’iq = S

%

Liquid droplets grow
and freeze into ice

Altitude (m)

Analyzing ice-dominated cloud regions only

(liquid cloud not included)

=
o
o
o

600 | ¢
4001 |

200+

.Hu '1' n

]|r Ua '
" [ m

”.

[lll\l
I

I
I’[

0_
11:22:30

11: 23 00

\ \
11: 23 30 11:24:00 11:24:30 11: 25 00 11:25:30 11: 26 00
Time Apr 03, 2024

- i
| ..

1500

1400 -

1300

1200

Altitude
=
=
o
o

1000 -

900+

800+

700+

| |
0.95 0.9
Isotope ratio of cloud condensate

0.8

Elise Rosky | Postdoc, NCAR | emrosky@ucar.edu

16




Particle Images: F2DS, PHIPS

—511:22:33
1500+

1400 -

1300} ¢

1200

1100

1000~

900 -

|
0.95
btope ratio of cloud condensate

Elise Rosky | Postdoc, NCAR | emrosky@ucar.edu

A

17



Conclusions: Proof of Concept

In-situ isotopic analysis holds potential for observational constraints

on mixed-phase thermodynamics and microphysics.
(Rosky et al. 2026, In preparation.)

oHasn’t been used for science yet.
oStickers at dinner
oUnofficial CAESAR snowflake music video: E
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Isotope ratio

—Liquid growth
—Ice deposition at ice saturation
Ice deposition at liquid saturation (WBF)
@lce fractionation at sub/supersaturation
« First ice

| |
5.12 . . 5.18
Time UTC (RF07)
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NCAR EOL Field Data Archive

» CAESAR: Cloud Microphysics Value Added Product

o Indispensable in helping improve the 2DS data (Aaron 1011

Bansemer, NCAR).
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( o Habit ID capability (similar to PHIPS).

o Also similar to PHIPS in that ice statistics are small.
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{Rcondensate — Q- Rvapor}

(& is a function of temperature

& also a function of

supersaturation
(dashed lines)

Jouzel and Merlivat (1984)
Merlivat and Nief (1967)
Majoube (1971) and Majoube (1970)
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« differs for liquid and ice growth
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The original formulation of aj from Jouzel and Merlivat (1984):
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1137 0.4156

gy = €xp( 72—~ — 0.0020667)

Qs = ezp( = 0.028224)
Merlivat and Nief (1967) 5" _ sipaei
Majoube (1971) and Majoube (1970) K2 .
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