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2-moment bulk microphysical scheme

@ Cloud droplets, rain, cloud ice, snow, graupel, hail
@ For each hydrometeor category: rate equations for

@ number density N (0. moment of PSD f(x))
@ mass density Q (1. moment of PSD f(x))

@ Parameterizations of microphysical processes based on
the spectral balance eqn. for f(x) and assumption

f(x) = Nox" exp(—Ax")

1B v+1 —H N v
Vv,1L = const., A= [ (viQ)Q , No = “v+1 A
Ty I(<-)

Seifert and Beheng (2006a,b,c), Noppel et al. (2006), Seifert (2007), Blahak et al. (2008, in prep.)
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Parameterization of cloud droplet- and ice nucleation

At the moment: no explicit consideration of aerosol budget

T<0,5,>0,S,<0

Depos. nucleation
Heterog./homog. freezing

T<0,S,>0

Depos./condens. nucleation
Heterog./homog. freezing
Droplet activation

(Contact freezing not impl.)
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T>0,S4>0

Droplet activation
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Param. of cloud droplet nucleation

Ncondiag = @Sh
IN, { Ncen,diag — Ne

_ At for Neen,diag > Ne

ot 0 otherwise
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Param. of depos./condens. ice nucleation 1

'

ot

Nice,diag = aexp(bS,-)

IN; {'Ce’dlag * for Nige giag > Ni

At
0 otherwise

Activated IN after Meyers
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Param. of depos./condens. ice nucleation 2

Nice,diag =a exp(b(T— TO))

N v — N
IN; {’Ce’d'ag L for Nice,diag > Ni

At
ot 0 otherwise

Nyyinm
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Param. of heterogeneous/homogeneous freezing

W~ T r———r—r——r——1——
1 8 fc (X) = —X J( T) = Hom. freezing (Cotton and Field, 2001)
f a t 7 = Het. freezing (Biggs, 1953) pure water
C (X) = Het. freezing (Khain, 2000; Seifert, 2006)
Het. freezing (Barklie and Gokhale, 1959) rain water

Heterog. freezing: 10"
J(T) = aexp(b(T—Tp)—1)
Homog. freezing: ?”

J(T) after Cotton and Field, 2001) .

= integration of d:fz(x) and
xdife(x) over x leads to dN; and |
9;Qc and corresp. source terms for " -
ice particles
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Study on ,,Continentality”/ temperature regime

Isosurfaces of mass densitiy 0.1 gm~2 after 1:00 h

Low CCN High CCN

Low 0°C-level High 0°C-level

Blahak IMK Karlsruhe

Cloud wrater: 0.1 gim®
Rain water: 0.1 g/m®




Study on ,,Continentality”/ temperature regime

Isosurfaces of mass densitiy 0.1 gm~3 after 1:10 h

Low CCN High CCN

Low 0°C-level High 0°C-level

Blahak IMK Karlsruhe

Cloud wrater: 0.1 gim®
Rain water: 0.1 g/m®




Study on ,,Continentality”/ temperature regime

Isosurfaces of mass densitiy 0.1 gm~3 after 1:20 h

Low CCN High CCN

Low 0°C-level High 0°C-level

Blahak IMK Karlsruhe

Cloud wrater: 0.1 gim®
Rain water: 0.1 g/m®




Study on ,,Continentality”/ temperature regime

Isosurfaces of mass densitiy 0.1 gm~2 after 1:30 h

Low CCN High CCN

Low 0°C-level High 0°C-level

Blahak IMK Karlsruhe

Cloud wrater: 0.1 gim®
Rain water: 0.1 g/m®




Study on ,,Continentality”/ temperature regime

Isosurfaces of mass densitiy 0.1 gm~3 after 1:40 h

Low CCN High CCN

Low 0°C-level High 0°C-level

Blahak IMK Karlsruhe

Cloud wrater: 0.1 gim®
Rain water: 0.1 g/m®




Study on ,,Continentality”/ temperature regime

Isosurfaces of mass densitiy 0.1 gm~3 after 1:50 h

Low CCN High CCN

Low 0°C-level High 0°C-level

Blahak IMK Karlsruhe

Cloud wrater: 0.1 gim®
Rain water: 0.1 g/m®




Study on ,,Continentality”/ temperature regime

Isosurfaces of mass densitiy 0.1 gm~3 after 2:00 h

Low CCN High CCN

Low 0°C-level High 0°C-level

Blahak IMK Karlsruhe

Cloud wrater: 0.1 gim®
Rain water: 0.1 g/m®




Study on ,,Continentality”/ temperature regime

Isosurfaces of mass densitiy 0.1 gm~3 after 2:30 h

Low CCN High CCN

Low 0°C-level High 0°C-level

Blahak IMK Karlsruhe

Cloud wrater: 0.1 gim®
Rain water: 0.1 g/m®




Study on ,,Continentality”/ temperature regime

Isosurfaces of mass densitiy 0.1 gm~2 after 3:00 h

Low CCN High CCN

Low 0°C-level High 0°C-level

Blahak IMK Karlsruhe

Cloud wrater: 0.1 gim®
Rain water: 0.1 g/m®




Study on ,,Continentality”/ temperature regime

Isosurfaces of mass densitiy 0.1 gm~3 after 3:30 h

Low CCN High CCN

Low 0°C-level High 0°C-level

Blahak IMK Karlsruhe

Cloud wrater: 0.1 gim®
Rain water: 0.1 g/m®




Study on ,,Continentality”/ temperature regime

Isosurfaces of mass densitiy 0.1 gm~2 after 4:00 h

Low CCN High CCN

Low 0°C-level High 0°C-level

Blahak IMK Karlsruhe

Cloud wrater: 0.1 gim®
Rain water: 0.1 g/m®




Study on ,,Continentality”/ temperature regime

Isosurfaces of mass densitiy 0.1 gm~2 after 4:30 h

Low CCN High CCN

Low 0°C-level High 0°C-level

Blahak IMK Karlsruhe

Cloud wrater: 0.1 gim®
Rain water: 0.1 g/m®




Study on ,,Continentality”/ temperature regime

Isosurfaces of mass densitiy 0.1 gm~2 after 5:00 h

Low CCN High CCN

Low 0°C-level High 0°C-level

Blahak IMK Karlsruhe

Cloud wrater: 0.1 gim®
Rain water: 0.1 g/m®




Study on ,,Continentality”/ temperature regime

Simul. radar reflectivity in dBZ after 1:00 h
Low CCN High CCN

High 0°C-level

Low 0°C-level

Blahak IMK Karlsruhe



Study on ,,Continentality”/ temperature regime

Simul. radar reflectivity in dBZ after 1:10 h
Low CCN High CCN

High 0°C-level

Low 0°C-level

Blahak IMK Karlsruhe



Study on ,,Continentality”/ temperature regime

Simul. radar reflectivity in dBZ after 1:20 h
Low CCN High CCN

High 0°C-level

Low 0°C-level

Blahak IMK Karlsruhe



Study on ,,Continentality”/ temperature regime

Simul. radar reflectivity in dBZ after 1:30 h
Low CCN High CCN

High 0°C-level

Low 0°C-level

Blahak IMK Karlsruhe



Study on ,,Continentality”/ temperature regime

Simul. radar reflectivity in dBZ after 1:40 h
Low CCN High CCN

High 0°C-level

Low 0°C-level

Blahak IMK Karlsruhe



Study on ,,Continentality”/ temperature regime

Simul. radar reflectivity in dBZ after 1:50 h
Low CCN High CCN

High 0°C-level

Low 0°C-level

Blahak IMK Karlsruhe



Study on ,,Continentality”/ temperature regime

Simul. radar reflectivity in dBZ after 2:00 h
Low CCN High CCN

High 0°C-level

Low 0°C-level

Blahak IMK Karlsruhe



Study on ,,Continentality”/ temperature regime

Simul. radar reflectivity in dBZ after 2:30 h
Low CCN High CCN

High 0°C-level

Low 0°C-level

Blahak IMK Karlsruhe



Study on ,,Continentality”/ temperature regime

Simul. radar reflectivity in dBZ after 3:00 h
Low CCN High CCN

High 0°C-level

Low 0°C-level

Blahak IMK Karlsruhe



Study on ,,Continentality”/ temperature regime

Simul. radar reflectivity in dBZ after 3:30 h
Low CCN High CCN

High 0°C-level

Low 0°C-level

Blahak IMK Karlsruhe



Study on ,,Continentality”/ temperature regime

Simul. radar reflectivity in dBZ after 4:00 h
Low CCN High CCN

High 0°C-level

Low 0°C-level

Blahak IMK Karlsruhe



Study on ,,Continentality”/ temperature regime

Simul. radar reflectivity in dBZ after 4:30 h
Low CCN High CCN

High 0°C-level

Low 0°C-level

Blahak IMK Karlsruhe



Study on ,,Continentality”/ temperature regime

Simul. radar reflectivity in dBZ after 5:00 h
Low CCN High CCN

High 0°C-level

Low 0°C-level

Blahak IMK Karlsruhe



Study on ,,Continentality”/ temperature regime

Accumulated precipitation in mm after after 1:00 h
Low CCN High CCN

100.00 mm
50.00

20,00

10,00
5.00
200
1.00
050
0.20

High 0°C-level

010
0.0

Low 0°C-level

Blahak IMK Karlsruhe



Study on ,,Continentality”/ temperature regime

Accumulated precipitation in mm after after 1:30 h
Low CCN High CCN

100.00 mm
50.00

20,00

10,00
5.00
200
1.00
050
0.20

High 0°C-level

010
0.0

Low 0°C-level

Blahak IMK Karlsruhe



Study on ,,Continentality”/ temperature regime

Accumulated precipitation in mm after after 2:00 h
Low CCN High CCN

100.00 mm
50.00

20,00

10,00
5.00
200
1.00
050
0.20

High 0°C-level

010
0.0

Low 0°C-level

Blahak IMK Karlsruhe



Study on ,,Continentality”/ temperature regime

Accumulated precipitation in mm after after 2:30 h
Low CCN High CCN

100.00 mm
50.00

20,00

10,00
5.00
200
1.00
050
0.20

High 0°C-level

010
0.0

Low 0°C-level

Blahak IMK Karlsruhe



Study on ,,Continentality”/ temperature regime

Accumulated precipitation in mm after after 3:00 h
Low CCN High CCN

100.00 mm
50.00

20,00

10,00
5.00
200
1.00
050
0.20

High 0°C-level

010
0.0

Low 0°C-level

Blahak IMK Karlsruhe



Study on ,,Continentality”/ temperature regime

Accumulated precipitation in mm after after 3:30 h
Low CCN High CCN

100.00 mm
50.00

20,00

10,00
5.00
200
1.00
050
0.20

High 0°C-level

010
0.0

Low 0°C-level

Blahak IMK Karlsruhe



Study on ,,Continentality”/ temperature regime

Accumulated precipitation in mm after after 4:00 h
Low CCN High CCN

100.00 mm
50.00

20,00

10,00
5.00
200
1.00
050
0.20

High 0°C-level

010
0.0

Low 0°C-level

Blahak IMK Karlsruhe



Study on ,,Continentality”/ temperature regime

Accumulated precipitation in mm after after 4:30 h
Low CCN High CCN

100.00 mm
50.00

20,00

10,00
5.00
200
1.00
050
0.20

High 0°C-level

010
0.0

Low 0°C-level

Blahak IMK Karlsruhe
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Study on ,,Continentality”/ temperature regime

Max./min. W in ms~! Max. R in mmh™!

Total precipitation in kg Precipitation efficiency
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Enough for the moment!




Hail initiation in the 2-moment scheme

New scheme
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