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ICO N Joint effort of the Max Planck Institute for Meteorology
and the German Weather Service to develop

 Models for climate research
and weather forecast

» Consistent discretizations for
air mass and tracers

e Compatible numerical methods
for a coupled atmosphere-
ocean GCM system

o Static local grid refinement
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Outline
e Grid options
« Special topic: nonlinear instability

« NH model equations

o Special topic: time discretisation

 First example runs
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Quart. J. R. Met. Soc. (1983), 109, pp. 417-428 :
causes serious model crashs

An internal symmetric computational instability

A. HOLLINGSWORTH?, P. KALLBERG', V. RENNER? and D. M. BURRIDGE!
U European Centre for Medium Range Weather Forecasts, Reading. * Deutscher Wetterdienst, Offenbach am
Main, Federal Republic of Germany.

—v - Vv —kanQV—VK‘

Is that true at least for the linearized discretized equations? - NOT ALWAYS!

Degrees of freedom to accomplish that goal:

triangular based grid hexagonal based grid
adjust kinetic energy K adjust potential vorticity n,
(this is already understood) (this is still a suspicion)
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—+ tangential components Triangular based grid
> normavl component§

advective  oulY 2 oulN ouN ouN
form 8?‘1 = -3 (u’{a—_}r — uga—}f + ug 5 }f)
. 2 [ OuN ouy ouy
Tﬂ vorticity ¢ = > ( L, -2 -3 )
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kinetic energy is ambivalent K = — (u)? + u? + ul?) = = (u] 2 + ud? + ul?)

Lo
Co| —

o duy T 1 (0K 0K
vector invariant form = —u; ¢ — _
ot V3 \0xd 9z

Discretisation and linearization around u,'=v,_ and u,N=0
shows that equivalence is only possible if : & = % (ud? + ud? + ud? + w2 + ud? 4 ul?)

and the tangential reconstruction is done with a 4-point stencil.

@

Max-Planck-Institut

. " ICON overview ¢ Grid options * Nonlinear instability « NH model equations * Time discretisation « Example
fir Meteorologie




Hexagonal based grid
= normal components

—> tangential components

advective Oul 2 (uN out’ o ouy’ D au{")
=7 \W 5 T U2 5% T U3
3 ) form ot 3 Ay’ oy oz’
Tr* kinetic energy K = = (uy? + ug * + ug °)

1 N N
vorticity is ambivalent ¢l = 2 (8u3  Ou} )
‘ \ 2 (Ouy  Ouf ) ¢ 2 (('?ué\r ousY )
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= _

Lo =

o (B

N N
Oz Oxy

. : 8?1){\{ oK 1 N 1 N Aside: The reconstruction
vector invariant form BT = = N + (3uy — —=GCaug of tangential velocities
’ 7 \/§ \/§ needs a special discretisation.

Discretisation and linearization around u,'=v_ and u,N=0 indicates that
only neighboring vorticities at 2 and 3 points may enter the u,™ equation.
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Non-hydrostatic compressible atmospheric model

Special emphasis devoted to Hamiltonian consistency during the discretisation
« divergence and gradient are dual operators
« scalar triple product A.(B xC) is antisymmetric

—— :
* mass, energy, entropy (potential temperature) conservation

8_v _ v x ov — VK — ¢pqf, VII * terrain-following coordinates
ot 0  Lorenz vertical grid staggering
Do * N0 background state
ot = -V . (ov) . e>§plicit time stepping in the

t horizontal
o R,I1 v. (0 « implicit time stepping in the
o9t 9.V (6 (0v)) vertical

/ Cud OVy - :

1 e third order upstream adve(_:tlon of
(QQU).TL-I—I —  (06,)" (fj’;d (Hﬂn B 1) n 1) 0, (both: horizontal and vertical)
d
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Time stepping scheme

May energetic consistency be achieved throughout the time stepping scheme?

o
hv - l = —hv-V(K + gh)
continuous 5 ot
equa'[IOI’\S hu - 8—1 = (_[x —+ gh__)vw . (h_-(,‘-) — _Vr : (h.(a(_[\— -+ gh))
energy | ov Oh oh
conservation hv — + K h— = —-V.,-(hv(K + gh
0(hK 2 h?
QK+ 9/20)  _ g, . (ho(K + gh))
ot
discretized equations gl g p T lyn hBvL 4 B
R T
Implicit midpoint scheme _ . s s ;
P P hn—i—l . hn B V .l,]u—f—lh n—+1 s, '4‘-'“}?-”
At N ’ 2
n+1 n n+1l __ pn n+lgpn+l _ pnpn
energy conservation g(h +h%) k L — /2R R R
2 At At
Rt ™ 4 /'.;:n—|—1_“n—|—1 ,”n—{—l L 5 T (]u—v—l hn+l _ " B ].LTL—E—I,UH+1,UT1—|—1/2 o h-'n,v-'n,_vn/g
2 At 2 At At
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Time scheme — explicit stepping?

implicit not centered scheme ptl g
energy conserving At
hﬂ+1 — hn
At

];__”'4‘1/2 — h" n+1/21n
— _VJ - / h

At/2
,U-n+1 o ?}n. - . o
0 — _VQ;IX n+l V.Tgh.n..-i- 1/2
h-n-l—l . hn+1/2 . P
Af/? - _V::c ¥ 'f"”-l J"J-h”-

of | L{__n 1 hﬂ,--i--l 2 XE
T 5 —Vzg 5
(f n+1 gt _LN)hn
_v$ . 5
?Jn-|.1 - ,Un ; —
At - _V:r[l'” Fh_ V;rgh”"l-l/2

hn+3/2 o h-n+1/2

At

— _v;}; Tl li}*” F1/2

Explicit forward-backward scheme for waves.
But kinetic energy term is implicit!

gt _ gt
At

hn+1 - h'n.
At
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Predictor step

v** = " — ATaV K" — ATV _gh"
vt = " — AtV K — AtV gh"
AT = At/2 -esimilarto RK2 procedure

AT = At
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Straka test case - density current

ICON results

poleniial lemperature perlurbation, dx=50m

4000
A000
2000
1000
i 3 & g 12 15 1%
¥ [km|

poleniial lemperature perurbation, dx=100m
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poleniial lemperature perurbation, dx=200m
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WRF-ARW results from Bill Skamarock's webpage

2"d order centered advection 5th order upwind advection
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