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COSMO (Consortium for Small-scale Modeling)

was formed in October 1998.
Goals: develop, improve and maintain a non-hydrostatic limited-area atmospheric model,
to be used both for operational and research applications by the members of COSMO.

Today, the COSMO consortium has as members the national meteorological services
(and additional regional or military services) of:

Germany Deutscher Wetterdienst (DWD)
Amt fur Wehrgeophysik (AWGeophys)

Switzerland MeteoSchweiz (MCH)

Italy Servizio Meteorologico Regione Emilia-Romagna (ARPA-SMR)
Ufficio Generale per la Meteorologia (UGM)

Greece Hellenic National Meteorological Service (HNMS)

Poland Institute of Meteorology and Water Management (IMGW)



Summary

* The Lokal Modell (LM) of DWD / COSMO - overview
* The new prognostic precipitation scheme in LM
» Time splitting schemes

* LMK - a new development
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LM - Dynamics

Model equations:
Base state:
Prognostic variables:

Coordinate systems:

current operational use:
AX, Ay =7 km, At = 40 sec.

325 * 325 * 35 GPs

non-hydrostatic, full compressible, advection form
hydrostatic

cartesian wind components u, v, w

pressure perturbation p‘, Temperature T LM
humidity var. qv, qc, qi, gr, gs e
TKE

generalized terrain-following height coordinate
user-defined vertical stretching
rotated geographical coordinates

GME



LM- Numerics

Grid structure:

Spatial discretisation:
time integrations:

Numerical smoothing:

horizontal: Arakawa C

vertical:  Lorenz

second order finite differences

1.) time-splitting: Leapfrog (Klemp, Wilhelmson, 1978)

2.) time-splitting: 2-time-level Runge-Kutta 2. order
(Skamarock, Klemp, 1992)

3.) 3-timelevel 3-D semi-implicit

horizontal diffusion 4. order

3D divergence damping

LM - Initial and Boundary Conditions

initial cond.:
lateral bound. cond.:

top boundary:

interpolated initial data (from GME, ECMWEF, LM)
or from continuous LM data assimilation stream
1-way nesting by Davies-type

optional: periodic

Rayleigh damping layer



The new prognostic precipitation scheme in LM v3.9

in operational use since 26.4.2004 (COSMO, Work Package 2.1.1)

Task:

replacement of the diagnostic scheme for rain/snow in the former LM v3.5
by a prognostic scheme.

Aim:

improvement of the precipitation distribution in orographically structured areas
due to horizontal drifting of rain/snow (solving the ,windward-lee-problem®)



Monthly precipitation sum over Baden-Wiirttemberg (SW Germany) in October 2003
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Miederschlagssumme im Obdober 2008 (kg m™)
(21 gemeinsame Falle)

Minimum: 405 Maximem: 2640 Milabwarl: 5292

LM

Miede rschlagasumme im Oklaber 2003 (Prognoss T+08 - T+30) (kg m')
(31 gemansame )

Minimum: 489 Maximiem 4133 Millehear 10229

Dr. U. Damrath, FE 14

LM without
prognostic precipitation

windward-lee-problem:

* precipitation maximum too far
in the windward direction

* precip. maximum too strong

« too few precipitation in the lee

LMASS

Miedersehlagasumme im Oklaber 2003 (Prognose T+08 - T+30) fkg m*)
(31 gamensame Fala)

PR APy Minimum: 29.8 Maximiem: 385 4 Milehear 51 28



Conservation equation for humidity variables

diagnostic scheme

for rain/snow

q* = p/p
PX
FX
SX

X=Vv
X=C
X=i

X=r

X=8

[kg/m3]  density of air
[kg/kg] specific mass
[kg/m?2/s] sedimentation flux of x (only x=r,s)
[kg/m?/s] turbulent flux of x

[kg/m3/s] sources/sinks of x (cloud physics)

water vapour

cloud water

cloud ice

rain drops, Vq.gim = 5 M/s
SNOW, Vgqim = 1..2 m/s

.column-

— . P — . F¥ xz
0 v Vv TS5 equilibrium’



Mechanisms of orographic precipitation generation
(Smith, 1979)

Large-scale upslope precipitation . i | i\\

ey

Seeder-Feeder-mechanism \ \
*

Cumulonimbus in conditionally unstable airmass
—>




precipitation index: spillover-factor

precipitation over the lee side

SP = —
total precipitation

precipitation of snow only (Jiang, Smith, JAS, 2003)
1
14 =4 =

Fi TEubl

SP =

e advection time scale r, 1= ay /U
e sublimation time scale 7q,u (7a/Tsunt 22 har/ Hsun)

e falling time scale for hydrometeors
D+ Hg
Tf =
2Vi

Vi = terminal fall velocity
D = box-model-height, Hg = height of cloud base

gualitatively:
ax \‘ ar Tf /‘ or has \( = SP /‘



Semi-Lagrange-schemes (I)

Lit.: Staniforth, Coté (1991)

Durran (1999)
Basic idea (1-dim. advection-equation) :

d¢ | 0¢ d¢ dex

-I- =0 can be written as: — =0, — =u

. dt dt

Numerical formulation (e.g. for 3-timelevels): (;ﬁ(q;j,t“"'l) = cﬁ(&':;.‘_l t" 1)

2 steps: A

t

1.) determine the backtrajectory

n+l—+ [

In principle: every ODE-solver can be used
alternative: iteration-eq. (Robert, 1981)

n - [ ]

a = At v(x?"'l —a,t")

n-1 4+ [

1. iteration step --> 1. order O(At)

2. iteration step --> 2. order O(At?) 2 i1

remark: time consuming in staggered 3-dim. grid



Semi-Lagrange-schemes (ll)

2.) interpolate ¢ at the starting point

* linear interpolation: (-) strong numerical damping
(+) monotone --> positive definite
* quadratic interpolation: (often used in 60°s, 70°‘s)
* cubic interpolation: (+) good compromise between accuracy and numerical costs
* cubic spline interpolation: (+) mass conservation

rule: max. n+1.st order interpolation for n.th order backtrajectory

Properties:

« stability: for u=const. + without source terms: unconditionally stable!
stability constraint by velocity deformation

* simple use in irregular grids

« avoids non-linear instabilities by advection



Advection tests (2-dim.)

,constant V'
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Courant numbers
Ocone = 0-4, Cma,x = Oa8

Courant numbers
C=0...04




Semi-Lagrange-advection, backtrajectory O(At), bilinear interpolation

,constant v*

Min. =0.0
Max. = 0.4204
rel. cons.= -0.000079

,solid body rotation’

Min. =0.0
Max.= 0.62
rel. cons. =-0.18

computer time relative to upwind 1. order = 2.5

,LeVeque’

Min. =0.0
Max. = 0.3018
rel. cons. = -0.0027



Semi-Lagrange-advection, backtrajectory O(At?), bilinear interpolation

,constant v*

0 410 430 430 440 45D 460 470 4RO 450 500

Min. =0.0
Max. = 0.4204
rel. cons.= -0.000079

,solid body rotation’

Min. =0.0
Max.= 0.6437
rel. cons. = -0.0049

computer time relative to upwind 1. order = 3.75

,LeVeque’

Min. =0.0
Max. = 0.301
rel. cons. = -0.059



Semi-Lagrange-advection, backtrajectory O(At2), biquadratic interpolation

,constant v*

Min. = -0.053
Max. = 0.875
rel. cons.= -0.000061

x%q;\ \EL 4 =

,solid body rotation’

"

._r’__/\-i)j

LeVeque‘

0 W(( K@ ------- —

Min. = -0.026
Max.= 0.9263
rel. cons. = -0.00020

computer time relative to upwind 1. order = 5.3

Min. = -0.0263
Max. = 0.8652
rel. cons. = 0.000019



In LM used for prognostic precipitation:

Semi-Lagrange Advection
* backtrajectory in 2. order O(At2)  (about 80% comp. time)
« trilinear interpolation (about 20% comp. time)

Properties:

* positive definite

 conservation properties sufficient for rain/snow
» relatively strong numerical diffusion



3D Test of Semi-Lagrange-Adv. in LM

backtrajectory in 2. order O(At?),
trilinear interpolation

plane, (u,v,w) = (30, 0, -2) m/s = const.

0(dt*2)

ylev= 31 , t=000000 [hhmm], var=qr,
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melting / freezing

S

Parameterization of cloud microphysical processes

e

rain / cloud ice collection

— autoc. by collection

| auioc. by deposition

aggregation

The current LM (Class-5) scheme is
designed for stratiform clouds

Application to convective clouds
requires adjustments and extension
to include graupel (hail):

- a Class-6 scheme in the new LMK

Implementation of a double moment
ice scheme for research and
benchmark (A.Seifert, NCAR)



Test case: 20.02.2002 +06-30 h

total precipitation in 24 h over Baden-Wurttemberg (SW Germany)

LM with diagnostic precip. observations LM with prognostic precip.
20.02.2002 +6-30 h, LM_3TL 20.02.2002 +6-30 h, LF_SL, prec

3 .2
-1.6 -14 -12 -1 -08 -06 -04 -02 a BeObmrlteter N'e‘bmhiag (kg m ) -1.6 -1.4 -1.2 -1 -08 -06 —-04 -0.2 0 0.2 0.4
Mean: 21,22 Min: 0.025 Max: 152.3 Var: 513.9 20‘02'2002 06 UTC bls 21'm'2002 06 UTC Mean: 14.23 Min: 1.630 Max: 77.51 Var: 154.7
total precipitation in kg/m"2 Minirurm: .50 Maximurmn: 60.00 Mittelwert: 16.148 total precipitation in kg/m*2

o1 02 05 1 2 5 10 20 50 75 B v 1 2 5 10 20 B0 75
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Test case: 20.02.2002

vertical cut (t=16:00)

prognostic precip. with v=0

20.02.2002, 016:00, LM_SL_v=0, lat=—-8.93'

Pow ;oA

o

in g/m"3

: —0.000635102

0.347341

: —0.00503373
. 1.00385

—0.000559856
0.0688569

: —1.18164e-05

000609938
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prognostic precip.
20.02.2002, 016:00, LM_3TL+SL, lat=-8.93'

w ;A

o

in g/m"3

: —1.13708e—-05

0.242492

: —0.000102777
.. 0636122

—0.00168756
0172748

1 —3.31109e-05

000757189



Numeric experiment:
day 13.01.2004 +06-30 h

BONIE-Analysis

Miederschlagshshen vam 13.01.2004, 6 Uhr UTC bis zum 14.01.2004, 6 Uhr UTC

© Deutscher Wetterdienst, Geschftefeld Hydrametecrologia — Berechnung der Werta mit BONIE

kean: 22,97 Min: 1,226 Max: 123.0 Var: 171.8
total precipitation in kg/m*2

2004011300, +6-30 h, LM_op, prec
REAT) o=V B
WG

Wean: 26.47 Min: 0.468 Max: 182.5 Var: 415.0
total precipitation in kg/m*2
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Numeric experiment:
day 13.01.2004 +06-30 h

current operational LM

REGNIE-Analysis with prognostic precipitation

LM 13.01.2004 00UTC 0B UTC bis 06 UTC FT




Numeric experiment:
day 08.02.2004 +06-30 h

BONlE-Ana|YSiS Mean: 10.50 Min: 0,251 Max: 59.81 Var; 6543

total precipitation in kg/m*2

MNiederschlagashdhen wvarmn 8.02.2004, 6 Uhr UTC bis zurm 09.02.2004, 6 Uhr UTC

2004020800, +6—30 h, LM_op, prec

P
P

total precipitation in kg/m*2



Numeric experiment:
day 08.02.2004 +06-30 h

current operational LM

24. STD. ND.HOEHE GEMESSEN AM 09.02.2004 06UTC LF_SL 08.02.2004 06 UTC bis 06 UTC FT




Results

from the actual numeric experiment
(analysis over South-Germany in 06.01.-08.02.2004)

compared to the current operational LM:
» Windward-Lee-distribution improved in most cases
« spatial averaged precipitation is reduced by about 15-25%

* precipitation maxima are reduced by about 20-40%
« computation time increased by about 20%

Lit.: Baldauf, Schulz (2004), COSMO-Newsletter



Time splitting schemes in atmospheric models

Some meteorological processes

Process

velocity range timestep (for Az ~ 3 km)

Coriolis (Rossby-waves)
Advection

Buoyancy

Gravity waves

Sound

Diffusion

2 additive processes

15 ~ 50000 sec. (~ 1/f)

ca ~ 10.50 m/s | 7, ~ 60..300 sec.

T ~ 600 sec. (~ 2w /N)

cg ~ 30..100 m/s | 7, ~ 30..100 sec.

cs ~ 330 m/s Ty ~ 5B SecC.
0 =Psq+ P
8tq_ sq f4q

Ps:  Advection, Diffusion, Coriolis, (Buoyancy)

Py Sound (Buoyancy)



Time integration methods

- Integration with small time step At (and additive splitting)
» Semi-implicit method
» Time-splitting method

main reason: fast processes are computationally ,cheap’
« Additive splitting
» Klemp-Wilhelmson-splitting

 Euler-Forward

* Leapfrog

* Runge-Kutta 2. order

* Runge-Kutta 3. order



Time splitting

assume stable discretisations (2-level-schemes):

for P, + ¢ =Qsar(d) =4 +ATP(¢)+ AT PP+ ...
: : : : : 2 :
for Py 1 ¢ =Quad)  =d + At Pid) + A2 PP+ ..
time splitting ratio:
AT
Ng . — ——
At

Consistency condition: (2-level-schemes)

Q(Ps, Pt) = 1 + AT P, + ng At Py + O(AT?, At?)

Stability: (von Neumann analysis)

QQiing = Aq

daccuracy.



Additive Splitting
(complete operator or multiplicative splitting, method of fractional steps)
Peaceman, Rachford (1955) (ADI-Method),

Marchuk (1974)

e operator formulation

Qs (Qs(...Qp(qg")...))

Qges = Q?’ Qs
costs: 1 X Qs, ns X Qg
stability is guarantied only, if P, and
P; both are stable and commutable.
(Leveque and Oliger, 1983)
noisy <= only weak coupling between
modes
of 1. order in AT (for non-
commutable operators)
method by Strang (for non-
commutable operators)

¢t = (Q)™?- Qs - (Q)™/? ¢
= of 2. order in AT




Klemp-Wilhelmson- Time-Splitting, Euler-forward-method
(partial operator splitting)

* i
o+l * = t d = q — q
-l " = Qs(q"), dgs AT
and
¢tA = Qs(¢") + At dg,
¢t = Q¢ + At dg,
|tn T T T *:tl'*:: R qt+.&T — Q_f(qt-i-(ﬂs_l)‘&t) _l_ At dqs

e 2-timelevel scheme
e costs: 1 x Ps, ns X Py

e Skamarock, Klemp (1992), MWR: scheme is not stable (but analysis only
in the time domain)

e scheme can be stabilized by divergence filtering (Baldauf (2002), COSMO-
Newsletter)



Test case: density current (Straka et al., 1993)

KAMM2 (Karlsruher Atmospheric Mesoscale Model, Version 2)

non-hydrostatic, full compressible
option: KW-Euler-Forward-Time-Splitting




Klemp-Wilhelmson-time-splitting, Leapfrog-method

Klemp, Wilhelmson (1978), JAS
Leapfrog-scheme for ODE dq/dt = f(q):
¢"t = ¢" ! +2AT f(g")

Leapfrog-scheme combined with splitting idea:

calculate the tendency of slow processes with ¢*

2. perform a KW-Euler-forward-splitting from t — AT to ¢t + AT with this
slow tendency

-

3-timelevel scheme
costs: 1 X P, 2ns X Py
disadv.: only special advection schemes are applicable

scheme is stable with (weak) Asselin-filter and divergence damping (Ska-
marock and Klemp, 1992)



Test case: Hydrostatic mountain wave

140001

120001

100004

LM v3.9/analyt Lsg.

i R

GO0

4000 1

20001

....................

e
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100E

, t=8 h, 2—dim., w in cm/s

1308 14DE 150E
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T10E

|
-1.5 -1 =075 -0.5 -0.25 =01 04

0,25 05 073 1 1.5

h=10m, a=10 km

u=10 m/s

isothermal atmosph., f=0
— Fr,=55, Fr,=0.055

LM v3.9, KW-leapfrog-scheme

AX=2.5 km, Az=100m
400 * 5 * 160 GPs



Klemp-Wilhelmson-Runge-Kutta-2.order-splitting
Wicker, Skamarock (1998), MWR
RK2-scheme for ODE dq/dt = f(q):

* ke AT n

¢ = q’+7f(q’)

g = "+ AT f(g")
RK2-scheme combined with splitting idea:

1. KW-Euler-forward-splitting from ¢ to t + AT/2 = ¢* as a new state

2. calculate the slow tendency with ¢*, perform a KW-Euler-forward-splitting
from ¢t to t+ AT  with this slow tendency

e 2-timelevel-scheme * only advection (upstream 5. order):

o costs: 2 x P, 1.5ns X Py. stable for C < 0.3 (Wicker, Skamarock, 2002)

'shortened’ RK2-scheme: first RK-step only with fast process
(Gassmann (2002), COSMO-Newsletter)
costs: 1 x P, 1.5N x Ps



Question: can time splitting schemes deliver a correct stationary solution?

Example: Scalar Relaxation equation with external force

do
Relax. Force

£ > 0, 8,g constant

stationary solution:

Discretisation of single processes (a) and (b) with simple Euler-forward-
schemes; resulting stationary solution of the numerical splitting scheme:

Splitting Relax. fast, Forcing slow | Forcing fast, Relax. slow
Additive t(1432tp004. ) (1 - BAT)
KW-EV 4 4
KW-Leapfrog :‘g %
KW-RK2 4 2
KW-RK2-short 4 2(1-8455)
KW-'"RK3'’ 4 4
KW-RK3b g 4

consistent solutions for At, AT — 0, but in practice: SAt ~1 or AT ~ 1.



Linearised, 1-dim. sound-advection-equations

2 single processes
ou Ju Op
s CA( — —C i {'
Ot ox Sde PS — —C4 ( dr 9 ) ) pf = —cg (
Op dp ou 0 o
— T ca— = —cg3
ot ox ox = operators commute

analytic solution

plz,t) = flz—(cs+ect) +g(z+ (cs —ca)t)
u(z, t) S —(cs +ca)t) — gla 4 (cs — ca)t)

e Tatsumi (1983), JMS Japan
e Skamarock, Klemp (1992), MWR
e Wicker, Skamarock (1998), MWR

9]

)
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O
0
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Advection

Courant-number: Cyay 1= Uo‘aL

stability diagram,
upwind 1. order

oo o _
ot T Yog, =0

upwind-scheme 1. order
e stable for Cuyy < 1
e amplitude error biggest for Cyg, = 1/2
e truncation error: O(Az), O(At)

Lax-Wendroff-scheme (Crowley 2. order)
e stable for Cyyy < 1
e amplitude error biggest for Cg, = 1/V2
e truncation error: O(Az?), O(At?)



Advection-schemes of higher order

nt+1l

n
n .
g, 3

g, _  Tit+1/2

AN ; Az
Fluxes of 3rd to 6th order

i
F«e:—1/2

F?I(—Bi/Q = ﬂ@i/g - |Ui1_;/2| (3(gi —qi-1) — (gi+1 — Gi-2))
F?:(—A?/:z = u?;I;/g (7@ +qi-1) — (@i+1 + qi-2))
Ffi/g = ﬂ(_ﬁi/g — |u2(1)/2| (10(gi — gi—1) — 5(gi+1 — ¢i-2) + (git2 — Gi-3))
Fi(_ﬁip = U?gé/z (37(qi +qi-1) — 8(qit1 + qi-2) + (git2 + g¢i-3))

e Hundsdorfer et al. (1995), JCP
e Wicker, Skamarock (2002), MWR



Sound

ov 1 op’ .

Y __Vpla (p - - > pOV "V

dt po dt CI/'
Sound-Courant-number (for direction z;): Cg; := csﬁ‘—_;, cg .=

Discretisation: Forward-Backward (Mesinger, 1977), stable ranges (with first
unstable wavelengths)

1-dim., unstaggered: Csp < 2 (4Ax)
1-dim., staggered: Cs. <1 (2Ax)

2-dim., unstaggered: \/ngm +C5,< V2 (F£4Az,£4Ay)
>-dim.. staggered: \/ C2,+02,<1 (£2Az,+2Ay)

Discretisation: Forward-Backward, vertical implicit:

2-dim., unstaggered: Csr <2, Cs, < o0
2-dim., staggered: Csrs <1, Cs, <o0



Von-Neumann stability analysis

Linearised PDE-System for u(z, z,t), w(xz,z,t), ..
Discretization uf, w;?’l, ... (grid sizes Az, Az)

single Fourier-Mode

u;?} — " ei(k_,._j.ﬁ:x—l—k_i&z)
2-level-schemes
un—l—l u”
,wn—l—l . w”
pn—|—1 — pn
Tn—l—l Tn

Determine eigenvalues X; of ¢}

Stability < |\] < 1

. with constant coefficients



Klemp-Wilhelmson-Euler-forward-scheme, non-staggered-grid
| Almaz(Cs, Ca), ns =8

e 2Az-waves stable for
O0<Cy< 1.
e long waves (k — 0) are stable for
Ca<1—-Cs(14mny)

0.0 0.2 04 0.6 o8 10 12 14 16 18 20 22

C_fast CS
= stability range limited by long waves

= try divergence filter!



Divergence damping

ov

dp B
8t—|—... —

= Diffusion of Divergence

8t —|— = ...—I—&dm;V(diVV)

Stability of an explicit Differencing-scheme:

1D, explicit:
2D, explicit, staggered grid:

Courant-number: Cg, » 7= gy

1
Od?lfu,:x < 5
1
Cd?]v,;n + Cd:']v,z < 5
At

A



£ 04— |/\|ma:c(CS, CA)-
2 Cuiv = 0.45,
ns = 8

CEPEE - - -
GRbBBo-huwiuBamnD
nnnnlnnnnnnnnnnnn

0o T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 1.2 14 1.6 18 20 22

C_fast CS
long waves (k — 0) are stable for

1-Cy—Cg¢g> (CS— Cdiv) Ng

stability for strong divergence damping:

Caiv > CsCy and ng >




Conclusions from stability analysis of the 1-dim., linear
Sound-Advection-System

 Klemp-Wilhelmson-Euler-Forward-scheme can be stabilized by
a (strong) divergence damping
--> stability analysis by Skamarock, Klemp (1992) too carefully

* No stability constraint for ng in the 1D sound-advection-system
» Staggered grid reduces the stable range for sound waves.

Stable range can be enhanced by a smoothing filter.



815 ox
ow
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dp dp
dsc

dT” o1’
—|— 05
Tend. Adv.

e primitive variables

e (., ). e.g. a divergence damping

ou
Qv = Adiy O ( +

1 9p

po Oz
1 op’

po Oz

Sound

w, P —= D0 _|_p!a

Oow

ox

Oz

) ; Qz — Qdjp g (?Z _|_ (fw)

Buoyancy

T=Ty,+T

0z



Buoyancy terms:

ow pl I
a0 7 po 1o
op’

5 = Pogw

oT’ 0Ty

ot 0z

Forward-Backward scheme;
stable for Cy,py 1= wo At < 2
no amplitude error in the stable range

: = 2
acoustic cut-off frequency w, := /N? + £, Cy = %—%ZD(E
i) o

Commutation with other numerical operators:

Qbuoy ) Qsound # Qsound ) Qbum ’ Qbuoy ’ Qd?]v 7& Qd?]v ) Qbuoy



Parameter study of the 2-dim., lin. Sound-Buovancy-Advection-System

e Courant-numbers: Oa.d«g;,;m CS,:I’}: CS,z: Cbum: Cdiiv,:n: Cdiiv,z
e other Parameters: ng, Cp

e Splitting schemes: Additive, KW-Euler-Forward, KW-Runge-Kutta 2. or-
der, KW-RK2_short

e Smoothing Filter

e Sound vertical implicit/explicit

e Advection: upwind 1. order, Lax-Wendroff
e Buoyancy in slow or fast processes

e Sequence of single processes



Maximum Timesteps for single processes Uy = 10 m/s, Standard-Atmosphere

Arxr =300 m | Az =3 km
Az=10 m Az=10m

Sound Azx/c = 1s 10 s
10Az/c = 0.3s 0.3s
Advection | Ax/Uy =~ 30 s 300 s

Buovyancy 2w, & 60 s 60 s
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no buoyancy, divergence damping Cy;,; = 0.23, ns =
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buoyancy Cj,uey = 0.01, divergence damping Cy;,; = 0.23, ns = 8
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buoyancy Cpyuey = 0.01, div. damping
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buoyancy Ciuey = 0.1, div. damping Cg;,; = 0.23, ns =
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Chuoy = 0.01, div. damping Cy,,; = 0.23, ns = 8, sound: vertical implicit
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no buoyancy, Cy,; = 0.23, ns = 8, sound: vert. implicit, Adv.: Lax-Wendroff
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Chuoy = 0.01, Cyir; = 0.23, ns = 8, sound: vert. implicit, Az = 10 Az
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Chuoy = 0.1, Cyip; = 0.23, ns = 8, buoy in slow proc.
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buoyancy Chuey

KW-EV

KW-RK2
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Conclusions from stability analysis of the 2-timelevel splitting
schemes

+ Additive splitting relatively stable, but in practice too noisy

« KW-EV-splitting efficient, but often too small stable ranges; strong
divergence damping needed

+ KW-RK2-short version stable, but in practice no good convergence
properties

« KW-RK2 scheme: good stability properties



Klemp-Wilhelmson-Runge-Kutta-3.order-splitting

Wicker, Skamarock (2002), MWR

AT
¢ = ¢+ /)
AT
¢ = "+ —fq)
¢ = AT (@)

e is not of 3. order in AT
costs: 3 X F,, 1.833ns X Py
e allows higher Courant-

numbers (up to 1.42 with
upstream 5. order)

RK3b-scheme:
Forstner, Doms (2004), COSMO-News.
Hundsdorfer et al.(1995), JCP
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e s Oof 3. order in AT
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e currently tested in LMK

construction of a timesplitting-method analoguous to KW-RK2-splitting




every 2. wind vector in 10 m above ground
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Deutscher Wetterdienst @

LMK (Lokal Modell Kurzestfrist) -
Development of a kilometer-scale NWP system for
very short range forecasts (2h - 18h)

Goals

* Model-based prediction of severe weather events on the meso-gamma
scale, especially those related to deep moist convection or to
interactions with fine-scale topography

- super- and multi-cell thunderstorms, squall-lines, rainbands,...
- severe downslope winds (Fohn-storms), flash floodings, fog, ...
Method
» Application of the LM at a grid-spacing < 3km with about 50 layers
allowing for a direct simulation of deep convection

« 18-h forecasts every 3-hours from a rapid-update data assimilation
cycle

« Continuous data assimilation based on nudging, short cut-off (< 1h)
« Use of all available data, especially radar reflectivities and winds.



LMK Assimilation and forecast cycle (LAF-Ensemble)
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LMK: new forecast every 3 hours



LMK
Tentative Model Domain of LMK

=

Testsuites

« 2.8 km grid spacing
* 421 x 461 grid points
* 50 layers

« currently 30 sec. time step

Mode configuration as LM, but:
- convection scheme switched off
- no data assimilation

Since 18 Dec 2003 two LMK
forecasts per day,
00 UTC, 12 UTC (+18h)

continuous upgrade by new
model components

operational use planned end of 2006




Potential benefits from an explicit representation of convection

* no drawbacks from the use of parameterized convection
(artificial closure conditions, stationarity, ...)

* more detailed representation of cloud-microphysics
« time evolution (life-cycle) of convective cells is simulated
« transport of convective cells with the wind field (impact of shear)

« formation of new cells along gust-fronts
(long-lasting cells, super- and multi-cells development)

* thermodynamic interaction between updraft und downdraft
» scale-interaction and organisation (Squall-Lines)

Related projects:
AROME, UK MetOffice, HIRLAM, WRF (BAMEX)



LMK will require not only adjustments of existing schemes but also
the development of new components

Provision of 5-min radar composits (DX-data) including quality control

Further developments in the method to assimilate radar data
(Latent heat nudging, LHN)

Development of an efficient time-integration scheme allowing for high-order
spatial discretization

Development of new physics schemes for kilometre-scale simulations
(graupel and hail microphysics, 3-d turbulence, shallow convection)

Development of new tools for model validation and verification using remote-
sensing data
(pseudo-satellite and pseudo-radar products, Lidar, cloud-radars)

Development of products and methods to interpret model results from
deterministic forecasts (on stochastic scales) and to estimate the predictability
(probabilistic products)



LMK 12, JAN 2004 18 UTC LM 12, JAN 2004 18 UTC

(1) 3h PRECIPITATION (>0.1mm) {2} PMSL

i

D A
(1} Mean: 7.688 Mir: © Max: 367.3 War: 162.6 (1} Mean: 6.974 Mir: © Max: 1878 War: 118.5
(2} Wean: 996.5 Wir: 982.3 Mo 1015, var: 0 (2} Mean: 9971 Wir: 983.3 Mo 1014, var: 67.23
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Verification

BONIE (Bodenniederschlag)

* learning strategy derived from theory of artificial intelligence
» derivation of statistical properties of the spatial distribution patterns
« interpolation in analogy to Kriging-method

data base:
e measurements at the stations of DWD and AWGeophysBDBw
¢ additional about 100 ombrometer measurements in Baden-Wurttemberg

DWD, Geschaftsbereich VB/HM, Dr. T. Reich
Homepage: http://inet1.dwd.de/vb/hm/BONIE/index.htm

REGNIE (Regionalisierung raumlicher Niederschlagsverteilungen)

* use of regionalised, monthly averaged precipitation values (1961-1990)
« distance dependent interpolation (background field-method)

data base:
e about 600 stations in Germany

DWD, Geschaftsbereich VB/HM 1, Dr. B. Dietzer
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