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Plans and rationale

* ARPEGE/ALADIN/AROME code is linked to IFS: code
sharing, maintenance

* Both are spectral, but make distinctly opposite choices
In the time-step organisation.

* Work is being carried out in the ALADIN community to
make the time step more flexible to incorporate the IFS
model structure as by Wedi (1999): M. Tudor and F.
Vana.

* The Staniforth-Wood-Cote frame (2002) should be
used to get insight and first guidance




« We take the ARPEGE/ALADIN/AROME
framework as the starting point, I.e. for the

dynamics we base ourselves on Bénard
(2003).

» Take the dynamics for granted: I.e. start with
a “dynamical core” that is “adiabatically”
stable.




Time step organisation: posibilities

* coupling of the physics parameterisation before or after the
explicit part of the dynamics,

* coupling of the physics to the dynamics at different positions
(in space and time) on the semi-Lagrangian trajectory,

* computing the physics parameterisation in a parallel or a
fractional manner, and

* coupling the physics to the dynamics by updating the model
state and using this for the dynamics, or computing the
physics tendency and the dynamics tendencies separately
and adding them to get the update, in other words
treat the physics/dynamics in a fractional or a sequential manne




ALADIN/ARPEGE vs. SLAVEPP

ARPEGE/ALADIN SLAVEPP
phys. before/after dyn. before computed after and averac
on SL traj. att att + At
parallel / sequential physics calls parallel sequential
parallel /sequential phys.- dyn. coupling sequential parallel
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SLAVEPP time step

computation 1-D equivalent
1 inv. FFT, inv. Legendre transformation
2 lin. terms
3  compute departure point D
4  interpolate to D Fy,
5 adiabatic explicit tendencies FP
and first-guess correction taken at the arrival point and time ¢ Ft
6 interpolate diab. tendencies of rad., conv. and cl. at ¢t to D Tp
tendencies of parameterised processes
computed in a fractional manner GSr
add tendencies of adiabatic and diabatic processes F9p

FFT, Legendre transformation
10  Helmholtz, Horizontal diffusion ijn




ARPEGE/ALADIN time step

FFT, Legendre transformation

computation 1-D equivalent
1 inv. FFT, inv. Legendre transformation
2 call physics Do
3 update tendencies F%
4  compute departure point D
5 interpolate to D F
6  explicit part dynamics PP
7
8

Helmholtz, Horizontal diffusion ij”




Methodology

Staniforth, Wood, Cote (2002)
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Generalisation

the framework proposed by Staniforth, Wood,
Cote (2002) is extended to:

» take Into account the spectral nature of the
models and the difference between the real
atmosphere and the background of the
linearisation.

Fr—F9
At
FO=F% or FO9=2%_F;

+ I (Ff+ FY) + Sw—w)(FO 4+ F)) =0

“Dynamics” Is unconditionally stable if: w* > w




Simplified 1d ARPEGE/ALADIN

SP Ders. OLFy = (ik)PF
inv. S.T.
. Goa—FY 0 .
Physics (lev. I) ~ o = &aPallFy,Gal, a=1,....M
Coupli Fr— FO 4 ApM | Ga i
oupling n=Fa +FAtY =
Interpolation Fj = e tRUAt
GP Expl. Dyn. F§™P = (1 - 2 At) Fpy — £ (w — w*)AtFO)
Full TL first guess FT = }Z%’jp — Lw*ALF}
Physics (lev. IT)  Sa=ZF0 — (1 — £,)(1 — va)@[F+; GE2P);
a=1,...,M
ex +
Coupling GGP =F+t + At M #
subtract first guess  F97 = G§F + Lw* At F}
S.T.
. % —1
SP Impl. Dyn. Favn — [1 +SAL - AtSM (1 ga)uaqsmp-} GerP
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Simplified 1d version SLAVEPP

SP Ders. OLFy = (ik)PF
inv. S.T.
Physics (lev. I) Ga—Zacl — ¢,¢a[Ga-1,Gal;a=1,...,M,Gy = F9
| | _ g0
Interpolation Ff = e tRUALEQ | T = e7iRUAL —GMMFA

GP Expl. Dyn. F™P = (1— 2At)Fp — %

Full TL first guess B+ = F{*P — Lu*At FQ

erp exrp
GEe*P -G

(w—w*)At F(O)

Physics (lev IT) 2 = (1 —&a)(1 —va)da |G, G
a=1,...,M,G¢*? = F+
Coupling FC =TpAt+ G5}F
subtract first guess  F97 = FC + Lw*At F§
S.T.
SP | | dyn iw™ M imp —1 gp
mpl. Dyn. F,77 = [1 + At =AY - (1 = &a)vada ] F




Generalisation

the framework proposed by Staniforth, Wood,
Cote (2002) is extended to:

» take Into account the spectral nature of the
models and the difference between the real
atmosphere and the background of the
linearisation.

- allow a more numerical approach than
analytic




Stability

- amplification |.A| given by F; = A F'} with
FY=1

e taking | A|nmax = maxgy,, |Al:

(0) IFS— |mp ¢= 05 v=0; w=1; =1 (b) AAA—imp  £=1; v=0; w,=1
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Accuracy

* The (idealized) SLAVEPP structure is second-order
accurate: no surprise. AAA structure Is first order
accurate.

* The SLAVEPP structure represents the steady state
exactly. AAA

(¢R 4+ ¢B)par —s PDETP Dimp

does not: (3% + c"72)At + O(At?) but improvements can
be obtained by coupling after the explicit dynamics
(maybe useful for ARPEGE climate?)




2 forcings, 1 diffusive

® IFS: DR o L{(6R o 68 o 6RO 4 (9 s ¢ s @RYFY s DI
® AAA: (qu + ¢B + ¢R) — DEeTP Dimp

(a) IFS—imp ¢=0.5; v=0 ; wu,=(1,1,1) ; p,=(1,1,1) (b) AMA—imp  £=1; v=0; p,=(1,1,1)
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2 forcings, 1 diffusive

® IFS:DEP s L{(¢F > 9R 1 ¢8)0 4 (67 1 9F s 7)) oo DITP

IFS—imp §=0.5; v=0; u,=(1,1,1) ; u=(1,1,1)
T T T
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Agreement with Dubal, Wood, Staniforth (2005)




 Conflicting conclusions between stability
analysis and forcings?




Room for improvement?

SP Ders.

OPF, = (ik)PF

inv. S.T.

Physics (lev. I)
Coupling (lev. 1)
Interpolation
GP Expl. Dyn.
Full TL first guess
Physics (lev. I1)
Coupling (lev. IT)

T'[F}]
F*=F%4+(1—¢)(1—r)AtT]
FE — e—ik‘UAth; Té — e_ikUAtTi; Fg — e—ik:UAth

F§P = (1 - 2 At) Fyy — £ (w — w*)AtFO)
F+ =F§™ — Lw*AtF5 + (1 — e)kAt T
T [FT, Fp)

GYP =FT +e(1-8)AtTH + (1 - QAT

subtract first guess  F97 = G5’ + tw* At F
S.T.
. . —1
SP Impl. Dyn. PO = (14 25 At = AN (1 - €a)vagld™: | FOP

Coupling (lev. I11)

FI = FP™ 4 e§AtTL + CAtTH

Stability of the physics-dynamics in spectral models — p.18/2:




Room for improvement

e=-, (=0, lel[FlO?]

So concerning “where to couple” it is a mix
between AAA and SLAVEPP We get
second-order accuracy |If

_ _ 2(1 —2p)
p=15(7T+V33) &= i




Room for improvement?

SP Ders.

OPF, = (ik)PF

inv. S.T.

Physics (lev. I)
Coupling (lev. 1)
Interpolation
GP Expl. Dyn.
Full TL first guess
Physics (lev. I1)
Coupling (lev. IT)

TP
* 1 I
F% =F) + 5 AtT)

* _ —ikUAtp*. Il _ _—ikUAtpI. 0 _ _—1kUAt ;70
FD—e FA,TD—e TA,FD—e FA

FS™P = (1 — &AL Ffy — £ (w — w*)AtFO)
F+ =F§" — Lw*AtF3
Ti D)

— L 1 I II
GYP =Ft + SAtT, 4+ AtTy

subtract first guess  F97 = G5’ + tw* At F
S.T.
. . —1
SP Impl. Dyn. PO = (14 25 At = AN (1 - €a)vagld™: | FOP

Coupling (lev. I11)

+ _ pdyn
FA_FA
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Room for improvement

IFS  ¢=0.544,=0.79 u,=0.79
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Discussion

» Improvements: at first it was not clear that we
can get improvements in both stability and
accuracy, but from the last example is
encouraging.

» We started from the AAA structure

» Exploring this space of possibilities for
Improvement
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