A Systematic Multi-Scale Framework
for Meteorological Modelling I1:

Moist Flows

Rupert Klein

Mathematik & Informatik, Freie Universitat Berlin
Data & Computation, Potsdam Institut for Climate Impact Research

Multi-Scale Interactions in a GCM-Grid Box, NCAR, October 31 — November 4, 2005



Andrew Majda (Courant Institute)

Eileen Mikusky (PIK)
Gunter Carqué (FUB)
Antony Owinoh (FUB / PIK)

Thanks to ...



Motivation
Moist Aero-Thermodynamics
Meso-convective interactions revisited

Narrow columns



]

o - | Tmm

PG, 1. Conceptual model af a multice!! squall line with waskag statiform precipitation. The storm is viewed
im 2 cross ssotion perpendscular to the convective Bne {adapted from Houze et al. 1989).

(from: Pandya & Durran (1996))
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Mass, momentum, energy balances
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Moisture balances
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Distinguished Limits
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Multilayer Difficulty

o A T -1 =1
Gos = €225 oxp = | T=0p7
p e 14+(T—1)—eTW

Newtonian Limit*

—1
T T = T:9(1+5Flnp+0<82))
Y

Weak stratification™*

0 =1+e>0y(2) + O(e?)
Y

dw = €2 gy exp (= [A"T = 1] 2) (14 Oe))

* I. Newton (long ago), Crighton (2000), Lipps, Hemler (1982), Bannon (1995) ** Majda, Klein (2003)
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Mesoscale-Subsynoptic interactions



Mesoscale dynamics

u;+ Ve = —0 o
: “\doy/dz |

—dO, -

o+ w2 = 3
t+w dZ 0
o.n =0,

,00V€ -u+ 0, (IOOW) = 0.

Convective scale dynamics

Anelastic* for near-moist adiabatic stratification

WTG otherwise

* .
essentially
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Sublinear growth conditions

Mass: ) @)
V- (pu) + (pw),” = 0

Horizontal momentum:

VUt +Vep) =0 (j €{0,1,2})

(pu)” + Ve - (pu o w)” + (puwu) ¥ + Vp + Vep® = DO

pu
Vertical momentum:
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Sublinear growth conditions

Potential temperature:

0 =1+¢e0,(2)+ 0B (&, 2, t) + 30W(x, £, 2, 1) ..

S, =0,
S =0,
de
072 _ gl2)
w dZ 0 >
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Z
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Mesoscale wave dynamics

where

a + Ver'd = 0. (wa) |

dO (3)
o 4w =2 _ si3).
0,73 — 0

poVe - U+ 0. (pom) = 0.
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Moisture transport

Water vapor:

Cqid" =0 (i=—-(n+2),..

q§32 + 0. qu\(f) +ul. qu\(f) 4+ w(O)q\(f; + w(l)qVQZ - %+ 0

Cloud water:
CW = glPg® = 0,
02 +u® . Vg + w0 — @ — 2

Rain water:

qﬁ) +u'? . v, + ’w(o)qr@; + pi (pOVTqI@) — O — C?.
0 z
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Nonlinear control of convective motions

Recall that 50
w(O)d—; _ 59(2)
0% + w©e®) 4 w(”il—@Q = s
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Source terms
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Nonlinear control of convective motions / undersaturated

Strongly undersaturated Air (qé? — q‘(,Q) > ()

DO —

PLC
,w(()) ev (

_ 20 @) 42
(pOd@Q/dz)<Z) qVS( ) v ) q,

Weakly undersaturated Air (qé?(z) —¢? =0 but qé?s’)(z) — ¢ >0)

w® = 0

FL**C** 1 . d@ —1
w!) = (— ey (q5§>(2> — q\(fg)) ¢\ + (59(3) — 9§3)>) (—2) -
Do dz
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Nonlinear control of convective motions / saturated

k% 2
0dOy _ o IL™ da
dz po(2) dz

w'

4O,  TL* dg?

e 0) =0
dz py dz of v

Precipitating clouds: rapid cloudwater collection, ( cl = C g =0)

(2) v (3) (212
CaD—C® = @38 e w2 g o 0 _ e d g
dz dqvs /dz
w<0> > ()
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So, how fast do we go upward, then??

Source terms in third order 6-equation

FL** R
S = —=—Cy® + 5"
Po
2 £
Cy® = _ v 09

dz dz
Third order 6-equation

yd9;  TL” dg'? 2\
9§3) +w9®) 4 — = w2 0 + Ség)
dz Do dz dz

. (3)
o + we® = L7 0dks | 50
Do dz

Coupling with mesoscale waves
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n=uwx/e
T=1t/e
' t/
T t
10 km 20 min

Onset of Deep Convection



Mesoscale Dynamics

u, + V' = 0
w,+7 =0

_ dO | I
7, i -
dz Do

poVg - u+ (pow), = 0

zZ

Bulk Microscale Column Dynamics
(& +ul0. Vn) w = 6

~ _dO |~
0+ D2 — o
dz Do

Coupling to Moisture Physics
C" = H(q,) Cq + [1 — H(q.)] C5,

Onset of Deep Convection



Saturated Air
n__ vk (nf) 1o ) dq 7
Cl=Cioq\" ¢ = w©) + (0 — D

dZ Qv

(8T+u(0) - Vn> . = H(q:)Cq — Ci'q g
(aT+u<O> - Vn) ¢ =0

Undersaturated Air

Ol = —Cx (ql(z) — ") ¢
(87 +ul”. Vn) ¢ =0

((% +ul¥. Vn) g =0

Onset of Deep Convection



Conclusions






