ALARO WDs 2025 Krakéw, 3" March 2025

Selected specifics of double-moment microphysics

David Nemec (CHMI, Prague)
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Outline

e generalities and current status

e parameterization of cloud water

e rain sedimentation: the problem of excessive size-sorting
e rain self-collection and breakup: spike

e the choice of interpolator for rain

e ice phase: the devil in disguise
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Towards 2-mom scheme in ALARO: generalities

e 5 hydrometeors 1 6(f-amma distribution for several y,, D_)/=O.9 mm
. — T
e gamma size distributions 1‘2‘ i
e 2-mom hydrometeors have 2 GFL fields: 1.0 - e Z=431
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Towards 2-mom scheme in ALARO: current status

e liquid phase ready for testing
e very beginning of ice phase

e cloud and preciptiation overlap/geometry

— equal D) in all four areas:

"
szng (1)

. Czech .' .
WWWChm| .CzZ 3/26 Hydrometeorological

Institute



Processes

e activation

e autoconversion

e collection

e self-collection + break-up

e evaporation + melting
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Definition of a hydrometeor

mass: m(D) = aD" 2)
PO /
fall-speed: w(D) = eD? (—) (3)
Pa
p+1
size-distribution: n(D) = Npal_ab n 1)D“e_/\D [m ] (4)

N I_(/H-l—l-b)F

slope parameter: A(q, N, u,a,b) = [
gl (p+1)
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Parameterization of cloud water: Activation

e from CCN to droplet number concentration (V)

e based on Feingold and Heimsfield (1992)

e number of activated CCN based on T', w, and CCN concentration
e important for autoconversion

e loss N;: self-collection

e N; can(not) be diagnostical
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Shape parameter of cloud water

Shape paremeter of cloud droplets

e as in the Thompson scheme (MULV):
14 -

10°
pwp =min | 15,2 + > 12 -
l <: Nipa
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M

e fixed with y; = 2 (MULF) 81

108 10° 1010
N, [kg™t]
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Less weak precipitation with variable

MULV: 24h precipitation (mm) MULF: 24h precipitation (mm)
init: 2021-11-18, 00 UTC, valid: +24h init: 2021-11-18, 00 UTC, valid: +24h
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Higher liquid water content with variable

MULV: vert. prof. of cloud water MULF: vert. prof. of cloud water
init: 2021111800, valid: 24 UTC init: 2021111800, valid: 24 UTC
nx=660-726, ny=684 nx=660-726, ny=684
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What if V; is not prognostical (left)?

www.chmi.cz

altitude [km]

T702: vert. prof. of NC_LIQUID_WA
init: 2021111800, valid: 24 UTC
nx=660-726, ny=684
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T707: vert. prof. of NC_LIQUID_WA
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Self-collection and breakup of raindrops

self-collection efficiency

e change N, not g 2.0

—— Verlinde
e formula: Beheng (1994): 1.5
dN. 1.0 -
( 7“) = 8ErrNrgrpa
dt sc « 0.5

0.0
e efficiency: Verlinde (1992) /
—0.5 1
-1.0
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Frequency distribution of sizes and the “spike”

frequency distribution: BROO frequency distribution: BRO1

7 1.0 7 1.0
6 6
0.8 0.8
51 5
g 4- 0.6 g 44 0.6
= =
= =
53 53
o 0.4 ° 0.4
2 A 2 1
0.2 0.2
1 - 1 -
0 T T T T T T T O T T T T T T T
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
D [mm] D [mm]
Czech .' .
WWWChm|CZ 12/26 Hydrometeorological

Institute



Size sorting

e number-weighted and mass-weighted fall speeds:

Zow(D)n(D)dD Zow(D)n(D)m(D)dD
WwN =— 0 y Wm, — 0
gn(D)dD gn(D)m(D)dD
e their ratio:
Z (p+i+d)

W _ M(p+1) r(ﬂ+1+b+d)b3z

wy TF(p+14+d) T(p+1+0) ,;1(#““)
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Self-collection and breakup of raindrops

e for tests: Milbrandt, 2005: MURV

o fixed with - = 1: MURF
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Shape parameter of rain
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Mean volume diameter: left with variable ..,
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MURV: mean volume diameter (mm)

init: 2023-08-26, 00 UTC, valid: +22h
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MURF: mean volume diameter (mm)
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Simulated reflectivity: left with variable .,

MURV: maximum simulated reflectivity (dBZ)
init: 2023-08-26, 00 UTC, valid: +22h
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MURF: maximum simulated reflectivity (dBZ)
init: 2023-08-26, 00 UTC, valid: +22h
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Simulated reflectivity: left with variable .,

MURV: vert. prof. of simulated reflectivity MUREF: vert. prof. of simulated reflectivity
init: 2023082600, valid: 22 UTC init: 2023082600, valid: 22 UTC
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~
12 -
52 —
N
10 - g
44 -
— — Z
£ £ 36 2
[} ) Q
ERLh E 28 &
= = ©
© 4- = g
20 5
£
2 1 129
0 ‘ 4
0 20 40 60 80 100 0 20 40 60 80 100
distance [km] distance [km]
[ N )

WWW.C h m | .CZ 1 7/ 26 ﬁ;?:l‘::;meteorological

Institute



Water vapour budget difference (MURV-MURF)

QV3 budget (MURV-MURF)
Init: 2023-08-26, 00 UTC. Valid: +24h
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Overshoots/undershoots due to interpolations

e overshoots/undershoots without shape-preserving option

e using shape-preserving option (%LQM=.T.) for rain (IN;, q;) solves it
e Dbut its precision is lower

e when used only for rain, low impact on results

e but perceptible when for all hydrometeors
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Reflectivity pimples

LQMT: maximum simulated reflectivity (dBZ) LQMF: maximum simulated reflectivity (dBZ)
init: 2023-08-26, 00 UTC, valid: +20h init: 2023-08-26, 00 UTC, valid: +20h
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Ice phase: the devil in disguise

106 -

e what is cloud ice and what is snow?

10° J

e shape of snow?

,\104- PN ice _
T‘g \
e density of graupel? §< S 7 N NP ]
3 .
e values of sticking efficiencies? N agaregates i
101 *f BT\ _

. .ll'.- %%e o

e Size-distributions

CN ice

100 1 1 .
0 2 4 6 8 10

D (mm)

e phase split Source: Jensen, A. A., Harrington,

J. Y., & Morrison, H. (2018).
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Phase split

e current split between cloud
phases by FONICE = f(T)

e with CAMS we “know” IFNs
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MPACE resulis: ice fraction

case MPACE - ICE1: ice fraction case MPACE - ICE2: ice fraction
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MPACE results: LWP and IWP

case MPACE - ICE1: LWP and IWP

case MPACE - ICE2: LWP and IWP
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Conclusion and outlook

e liquid phase ready for testing
e higher ., reduces excessive size-sorting
e using LQM

e ice phase: very first tests and finding suitable parameterizations
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Thank you for your attention

David Nemec
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