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Physical Model

Sedimentation
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What happens in a
parameterization model?




Parameterization model
Forecast few Moments M}.(¢) instead of size distribution f( D), )

Moment of order & M.(r,t) = ?;:Dkf[D, r.t)dD
My = N number density, M5 o L mass density

Assume closure conditions (e.g. for rain drops):
(1) self preserving size distribution:
f(D) =ngDHexp(—AD) with parameters ng, 1, A

(2) "'1-Moment Model’: Use 1 prognostic moment M., any k possible.
Let ng, = p = const. — M;. = Mp(A)
Any moment M; = fct(M;.)!

Sedimentation flux F}. = ?ET(D]D‘{‘f[D) dD = aMj 5 = fet(Mj)
with sedim. velocity v — oD’

—
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Shock Wave in the parameterization model

oM, OF).(M}.)

_ _ — 0
ot 0z
oM, (ﬂf
W — U (Mp)—= =0 quasi-linear advection equation
v1.(M;.)  apparent aduectlon velocity; advects all drops of ensemble
dt; < 0 ‘_
M, z t=0
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2-Moment Model
Assume self preserving size distribution

f(D) = nogDHexp(—AD)  with 1 = const.

Use 2 prognostic moments M; and Mj, any j, k possible.
— Jlrj M. = fet(A ng)
2 coupled quasi-linear PDE:

OM; _ OF;(M;, My)

— = ()
ot 0z

OMy,  OF(M;, M)
Ot 0z

Conservation conditions for M;, Mj..

= 0

Any moment M; = fct(M;, My,)!



2-Mom. Model lime=800s, p =0

5000
Mgy, M3 progn.
________ My, Mg progn
Higher moment
—detaill. Model faster propagation

Reduced M;—values

height [ m}

Excessive Mg—values
In MyM;-model

height [ m)




1 MOM

Rain Rate at z=0

2 MOM

RR (mm b~

0 1000 2000 3000

time (s}

RR (mm b

1] 1000 2000 3000

time (s}

10 — cpectral
1

RR (mm b

Janad

0 1000
time (s}

2000

RR (mmh™ "

RR (mm k)

10

10

p=3

— cpactral

0

1000 2000
time (&)

Janad

0

2000
time (&)

1000 3000

0

1000 2000
time (&)

Janad




Test of mass
conservation

L. = vertically integrated
liquid water mass

RR,,,, = accumulated rain

at z=0
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Outlook:

Use a narrow f(D)?
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Test: Parameterize shape parameter (-> Milbrandt and Yau, 2005)? Else????






Parameterize
shape parameter

(Milbrandt + Yau,
2005)

time=300 5

time=G00 s

5000

4000

heightin m

3000

j |
heightin m

5000

4000
© 3000
A 2000

1000

Ninem ™ x 1:]'?
5000
]
Lingem™ x10° Lingem™ x1g°
il peniEEt Lo
— g peial
— MM, p ”mhhhmm
Hu' Mﬂ_p. variahbs
M, M, pesiem AO00
M, M, p=8.E31 000
e B
- ""-—-_____ 1000
A W
-l El o
§] 2 . 4 (4] 2 3 4
Mbincm x'lﬂ":' Mbin-:m I_m_-:-




Prognostic moments M;, M, with 7 < k

i i i=3)/{k—J . e=l)/ (k)
Pieguass)| Mr—Iba-l) l[‘(kfﬁﬂ)]( il ez j

j=0, k=3; I=6

F<k<l: M; x M(l -3/ (& j}M (k) /(k—j)
— M small for My small; ME huge for M small  [M; i # 0 required|]

j<i<k: My o My 9 gl bl S
— My small for My small or M; small j=0, k=6; I=
l<qg<k: M, o« M, (-0 /(k—37) M(k D /{(k—7) 23 ko6 1=0

— Mj small for M; small; M; huge for Mﬁ; small  [Mg iy 7 0 required|]



2-Mom. Model lime=800s, p =0
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Problems:

Acceptable only for progn. moment M,
M, (z,1).

Conservation cond. fulfilled only for M;, M

Shock wave present, but much weaker effect. |
Rain rate evtl. problematic.

Excessive Mg—values

Source rate g = fct(M,) erroneous for | # J k.




