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e Grid structure:

» Time integration:

modes
order TVD

horizontal: Arakawa-C staggered
vertical:  Lorenz staggered
time-splitting (Klemp-Wilhelmson-splitting) of slow and fast

2-timelevels: Runge-Kutta: 2" order, 3 order, 3'd

(7km LM: 3-timelevels: Leapfrog (+ centered differences))

» Advection:

* Smoothing:

foru, v, w, p*, T:
horizontal adv.: upwind 3 or 5" order, centered 4™ or 6™ order

vertical adv..  implicit centered 2"d order,
explicit upwind 3" or 5" order (J.Forstner),
implicit upwind 3" order (M. Baldauf)
for g, ., 9;, A, ds, dg, TKE:
Courant-number-independent (CNI) advection:
Motivation: no constraint for w (deep convection!)
Euler forward (J.Forstner):
- van Leer-type scheme
- Bott-scheme (2"9, 4t order) in Conservation Form
Semi-Lagrange (M. Baldauf):
- tri-linear: qy, g5, q4  tri-cubic: q,, g, q;, TKE (clipping)
- tri-cubic: q,, 9, G;, 0., ds, g, TKE (multiplicative filling)
divergence damping
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5 7V Advective Form

94, : :

aq +V-(Va) = V-V = ... Flux Form — 3D Wind Divergence
0pqx o .

=tV (7a) = ... Conservation Form

pin) — p(n}q)((n}

o) = o + At A (o)
P =) + At A (o)
D = o) + At A, (o)

w(n+1)
p(n+1) — & _ ((& _ 1>p£n+1)

Rd T(n+1) Rd
+1)
(n+1) _ o
dx = oD

“diagnostic*

) o

“prognostic*

p) = p® 4 At A, (o)

al At =1+ AN+ A+ A)) 4

gLt = (1+ AN+ A) (I + A;) gL ™2t

3D Strang-Splitting
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Courant Number Independent Formulation: o
kz_:lpxj—k+1: KJ+% >1
Standard  Courant Number ¢, = uH%% Integer Flux %FH% =10 Kir1 =0
KJ._'_%
Integer Courant Number Kj.1 =INT(Cr, 1) k—z_lp’“‘“' Ky <1

Fractional Courant Number  Cr/, =MOD(Cr. 1, K;, 1)
Fractional Flux £

Positive Definite Bott - Scheme:

oy =max(0,/ )
1=2/4 o _ - ;J+% ( J+3
Foo_ J.K _ _ . — _
iy = 2o (k+ 1)257 1 (1 QC’H%) ] s max(o ’j+%)
1=2/4 - fj max({,, N o A +e)
= Qjt1,k _ O\ K1 K J+s -t
1=2/4 o _ ) )
=) et (—l)"-i-l] Ax [ v} v}
+1 AR il P 5 N W
k=0 (k+1)22 | ’j+% At TN Pxj+1
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Solid Body Rotation

MAX(INT(Cr)) =2 (nearly 3)

80 time steps for one turn
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of a tracer cone with an initial maximum of 1
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xz - Advection (u =150 m/s, w =-10 m/s)
of a tracer cone with an initial maximum of 1

vertically stretched grid:
MAX(INT(Cr) ) = 1 (near the bottom boundary)

I S S
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southwesterly flow _
Bott (2"9 order) semi-Lagrange

Observation “Flux Form - DIV" Gy: Gc: G tri-cubic
V.(qu) - CIXVV Qr» Qs qg. tri-linear

24—h—Niederschlaq 08.07.2004 05:30 UTC + 24h (Beo.) 24 h PRECIPITATION — B2_08_TS_2.2_b 24 h PRECIPITATION — SL_08_TS_2.2
. u . ;

SN

Mean: 12,3503 Min O basw: 118.3 War: 112,661

07/08/2004 T ——

Mass Conserv. CNI Eulerian Advection of g, for the LMK — LM-User 2006 J. Forstner - 6 March 2006 -7 -

30 50 20




Deutscher Wetterdiens
southwesterly flow Bott (2"¢ order)
“Conservation Form™
Observation V-(pva,) = V-(vp,)

moist turbulence with

24—hohisderschiag 03.07.2004 08:30 UTC + 24n (Beoy  (SUDSCA e) cloud diagnostic (only) scale clouds

T £
o SR

ey

Mean: 12,3503 Min 0 Max: 118.3 Var:s 112,661

07/08/2004
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(north)westerly flow

Bott (2"9 order)
“Flux Form - DIV”
V'(qu) - qXV°V

24 h PRECIPITATICN — B2_24 TS 2.2 b

[

Observation
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semi-Lagrange
dy: dc, G tri-cubic
A ds, g tri-linear
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Initialized TRACER Distribution (y = 230)

TRACER (y=260 / t=3h) — Bott (2nd) Non—Conserv. Form with Clipping

) Transport of Tracer

) 1 B In a Real Case Flow Field
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TRACER (y=260 / t=3h) — semi-Lagrange (tri—cubic) with Clipping
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TRACER (y=260 / t=3h) — Bott (2nd) Conserv. Form with Clipping
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o"= (U, v, w, pp, T, ..)" Physics-Dynamics-Coupling
v Descr. of Advanced Research WRF Ver. 2 (2005)

Physics (I)
» Radiation
» Shallow Convection > - . -

» ,Physics (I)’-Tendencies: Ag"
« Coriolis force > ysics (D ® (pnys )
e Turbulence +AQML
Dynamics R L _—
Runge-Kutta [ AQ s + AQq,) = fast waves | T ¢ =(uv,wppT ..)

" A hys )

Physics (Il)
» Cloud Microphysics

\ 4

,Physics (ll)-Tendencies: A" . ¢

\ 4

o= (u,v,w, pp, T, ..)mt
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Problems with New Physics-Dynamics-Coupling (NPDC)

* Negative feedback between NPDC and operational moist turbulence
parameterization (... not present in dry turbulence parameterization)

e 2-Az - structures in the specific cloud water field (q,)
* 2-Az - structures in the TKE field, unrealistic high values, where g, > 0

Measurements (K. Stephan, J. Forstner and M. Raschendorfer)

e Turbulence Parameterization
— Bug - correction in formulation of “explicit correction”
— No upper value for g (scale) + g (subscale) in SUBROUTINE cloud_diag
(statistical scheme for cloud diagnostic)
— No vertical smoothing in calculation of “explicit correction” = M. 1
(wichfakt = 0.0 in PHYCTL namelist)
* NPDC
— Latent heat conversions in SUBROUTINE satad (saturation adjustment)
directly after Runge-Kutta dynamics are not taken into account = M. 2
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neither M 1 nor M 2

QC (> 1.0E-08) — t=24h, lat=—2.8 — 3FT2 (wf=0.15) — NPDC (CP+SATAD) TKE (> 0.1) — t=24h, lat=—2.8 — 3FT2 (wf=0.15) — NPDC (CP+SATAD)
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QC (> 1.0E-06) — t=24h, lat=—2.8 — 3FT2 (wf=0.0) — NPDC (CP+SATAD) TKE (> 0.1) — t=24h, lat=—2.8 — 3FT2 (wf=0.0) — NPDC (CP+SATAD)
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QC (> 1.0E—06) — t=24h, lat=—2.8 — 3FT2 (wf=0.0) — NPDC (CLOUD—PHYS)
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Dynamic Bottom T

Boundary... :
Ou B 1 ap* N J)\ ap* N f % A ﬁ é
Ot|  pacosp \ N /G| v 5 4 E
o| 1 fopr o i
= __( p + ¥ p ) + fvg | | Eu | | |
at pa ag@ \/@ ac EsFC)FIECJ'J\SI?TII\.v'IE (+h)18 “ BFOHECAS$T|ME (+h;s

. . “(Positive) Pressure Bias Problem”

Jwl 1 |0p 4 g2 (T — o _ Top ) fu blue: Old Bottom Boundary Cond.
ot P\/@ a¢ P T T'po red: Dynamic Bottom Boundary Cond.

(Figures by Torrisi, CNMCA Rom)

... Condition...

... for metric pressure gradient

0¢ 1 1 040u n 1 02|0v 510) _ o termin equation for u- and v-
ot /G\acospdNIL| adgot| |0t component.
GalBmann (COSMO Newsletter No. 4)
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e i ——r ...IL s W
OUTPUT DATA: min of T (leveltyp = model) after 17 h
0 T T T T T T

; : Dynamic BBC 4-A Low-Pass-Filter of Orography (whole Domain)
1] ——— .. S g o[ ] -1 {0 ... plus 5-A eXtra Smoothing (for Ah > 375 m)

Dynamic BBC ... plus 5-A eXtra Smoothing (for Ah > 375 m) h
: 5 Old BBC ... plus 6-A eXtra Smoothing (for Ah > 250 m)
FQ [rremsmemeesmmemn e - Dynamic BBC ... plus 6-A eXtra Smoothing (for Ah > 250 m) =

25 | S Fine- N S S :
) I RN SN WU S ... —
0 R S S— S — S T :
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| I R S S S N
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initial: 25 JUW 2005 0O UTC initial: 25 JUW 2005 0O UTC B
walid: 25 JUN 2005 06 UTC walid: 25 JUN 2005 06 UTC
(1) 1h PRECIPITATION (>0.1mm, MODEL and SYNOP) (2) PMSL (1) 1h PRECIPITATION (>0.1mm, MODEL and SYNOP) (2) PMSL

3

(1) MODEL: Mean: 0.0303425 Min: 0 Maw: 15.958 (1) MODEL:  Mean: 0.172617 Min: 0 Maw: 20.9375
(1) SYWOP:  Meon: 023865 Min: 0 Maw: 9.9 (1) SYWOP:  Meon: 023865 Min: 0 Maw: 9.9
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initial: 25 JUN 2005 00 UTC initial: 25 JUN 2005 00 UTC
walid: 25 JUNW 2005 12 UTC walid: 25 JUNW 2005 12 UTC

NOP) (2) PMSL

T

(1) MODEL:  Mean: 0.113116 Min: 0 Maw: 41.0148 (1) MODEL:  MWean: 0.281856 Min: 0 Maw: 14,1152
(1) SYMOP:  Mean: 0.228571 Min: 0 Maw: 6.2 (1) SYMOP:  Mean: 0.228571 Min: 0 Maw: 6.2
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initial: 25 JUN 2005 00 UTC initial: 25 JUN 2005 00 UTC
walid: 25 JUNW 2005 1B UTC walid: 25 JUNW 2005 1B UTC

(1) 1h PRECIPITATION (>0.1mm, MODEL and SYNOP) (2) PMSL
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(1) MODEL:  MWean: 0.18797Z Min: 0 Maw: 41.31584 (1) MODEL:  Mean: 0.216025 Min: 0 Maw: 18.53572
(1) SYHOP:  Mean: 047546 Min: 0 Mete: 18.B (1) SYHOP:  Mean: 047546 Min: 0 Mete: 18.B
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Summary and Outlook

 Completely Revised Conservative Advection of Moisture Quantities:

— Clipping of negative values of g, (semi-Lagrangian) and different diffusivity of
the schemes:
Model sensitivity with respect to patterns, (too small) mean and (too big)
maximum values of precipitation.

— Monotone Bott schemes (slightly more diffusive than PD) necessary?

e Further Tests of the Various Options in LMK:
— semi-Lagrangian (tri-cubic) with multiplicative filling / Eulerian advection of q,?
— New Coupling of Physics and Dynamics:
Include (complete) diabatic forcing due to latent heat in RK scheme?

— “Pressure Bias Problem” solved?
yes Corrected “Moisture Convergence” = d.q, | o+ dgy] s
no ... work with Lucio Torrisi in COSMO projedecton v Diffusion
e Merge Different Turbulence Parameterizations
(work with M. Raschendorfer has started)

... documentation, configuration of vertical layers and filter for orography,
conservation properties, divergence damping, convergence tests, tuning, ...
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