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Dynamic definition of the time scheme

work of Jozef Vivoda

df (t, x)

Advection equation a1 = N(t,x)
f—l- _r0
Time centered explicit A D _ N
semi-Lagrangian approach At
A t+ At +
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Dynamic definition of the time scheme

df (t, x)

Advection equation a1 = N(t,x)
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Time centered explicit A D _ N
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Dynamic definition of the time scheme

: 1
First order treatment NESC:  N}} = 5(Nf?1 + N} + O(AY)

The time centered scheme using available information

Nv=a Ny + asNy +asNp + ayNp,
For any a:

3 1 3 1
N = (—a+ E)NS‘ + (o — Z)N; + (o + Z)N]_% 4+ (—a— ZWE + O(At?)

Fora = % we get SETTLS (Hortal, 2002):

1 1
N = 5(Nf?1 + N + §(Ng — N;) + O(A#)

BeOMANTA
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Dynamic definition of the time scheme
I
NESC  Nij = 5(Ni+ Np)

2
1 1
SETTLS N} = 5(Nf)1 + Np) + E(N% — N;)

T 3 .
COMBINED SCHEME N1 — - (N + N}) JEJNJ% — N5)

We may change B arbitrarily from O to 1.
We consider solution in the shape N(¢,x) = (A + w) f(t, x)
and analyse single Fourier component advected with a constant

wind U f(nAt, jAz) = AneiiURAL
Stability reached when |A|< 1.
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Stability analysis

TwAt —>AAt (Courtesy of J.Vivoda)

SETTLS: A, w constraints NESC: w=0
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Dynamic definition of the time scheme

Introduce implicitness: dfgf) — N(t,z) + L(t, )
f+ B fO m 1
AAt L :NM+§(LI+L?))

Stability analysis for solution  L(t, z) :@iwf(t, )
N(t,x)= A+ (1 —9d)iw)f(t,x)

|

\ = -

. ,,-/ / :r\ A N .
NESC: w=0
Z W === 5t & (Courtesy of J.Vivoda)
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Dynamic definition of the time scheme

Introduce explicit guess:

fj_f% _ (1+Q)N%+(l—a) (§+Q)Ng+(—l—Q)N_+1(L++LOD)
At A A A A4 A D 9 A

Stability analysis shows better stability in both, w and A direction.

6=3/4, a =1/10

T
I _
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Dynamic definition of the time scheme

Iterative centered implicit scheme

Predictor step using combined scheme:

HO fD L0 0 s 0 — 1 +(0) 0
N _§(NA‘|‘ND)‘|‘§(ND—ND)+§(LA + L)

Corrector step using NESC :

—|—(n
fD _ E(N—I—(n—l) —|—N0) 4 E(L—i-(n) —|—L0)

B=1
SETTLS

B=0
NESC
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Dynamic definition of the time scheme

The advection treatment used
1) in SL trajectory search

2) for non-linear residuum in the Sl scheme

From experience:
1) SETTLS beneficial for trajectory search

2) Instability may occur when SETTLS applied on non-linear
residuum, while NESC is stable (and only first order
accurate)

The idea: To use SETTLS whenever possible, and switch to
NESC if needed. If it si not “very often”, we keep sufficient
accuracy and restore stability.
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Dynamic definition of the time scheme

‘-‘5'0 0 5¢

Experiments 5o P

-

0 25 30 95 A0
i | ) -

5 2
W \Jj- at W a%a
. . " .
! B PR . i
.- . Rk A
- 3 A
- et R - U
'I
x »
Tl

__m'
- Lt eyt
[ o ¥,

55

on small domain

Ry

50" ]

- Z A, I‘d- - . . )
45 | - y Sio e | 45
. Al e . ]

\ K ' o -4 FAG‘
; : i BEVASNE A = N
? . ¢ \J!"_‘ . , "d'é
: RIRGEY-5 - n
T 35

» 11, ALADIN/HIRLAM WS 2018, Toulouse Z %® =3 % ™ (Courtesy of J.Vivoda)

Sloven


http://www.shmu.sk/
http://www.met.hu/
http://www.zamg.ac.at/
http://www.inmh.ro/

Regional Cooperation for ; :/:i N LAC E

Limited Area Modeling in Central Europe nwp cenfral europe

Experiments on small domain

PC with one iteration: 5
LN N :
8 N+ IN-]
for pressure departure. g«g
When o ~ 1 use SETTLS,
otherwise use NESC ’
in each grid point in value =«
predictor. A0
Number of points 30
with NESC L =
. 10
calculation: l ) 0
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Experiments on small domain
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Experiments on small domain

Hence corrector is applied
only once per several time
steps.

The accuracy and stability
is restored.

value
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Dynamic definition of the time scheme

Conclusions:

= SETTLS scheme is enabled in predictor step of the PC scheme
(For LPC_CHEAP as well).

= Dynamic choice of the predictor used (SETTLS/NESC) and of
the number of correctors applied may be an efficient answer
to stability/accuracy trade-off.

= When using dynamic definition of the time scheme we are
not able to predict exactly in advance the time to results,
some threshhold may be established.
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Finite elements in the vertical in NH (Jozef Vivoda)

Phased to CY45T1: still many parameters, correct namelist
setting needed, as

LVERTFE=T.
NVFE_TYPE=3
LVFE_FIX_ORDER=T.
LVFE_DELNHPRE=T.
LVFE_ECMWF=.F.
LVFE_LAPL=T.
LVFE_X_TERM=T.
NVFE_DERBC=2
NVFE_INTBC=2
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Finite elements in the vertical in NH

small Az, short At 2x longer Az

30t VVFD i i i i j » +oF VVFD
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Finite elements in the vertical in NH

small Az, short At

so-VVFD

0.0 =

28 29 30 31 32 33
1 1 1 1
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Finite elements in the vertical in NH

Phased to CY45T1:
New calculation of full level A,B through simplyfied process.
O0A —
We want: 71. 222 _ We guess: A A
Iy 5n 0 g 0A; = Al Al_1
OB —
1 _ — p._ R
I_o'% = 1 0B, = Bl Bl_1
We calculate: | sa 1/18A
— 04 = o) poA
po 61 B\ podn, 08y
5B
531 = ) ng Ig 8_B — B
Iy on — on
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Finite elements in the vertical in NH

Phased to CY45T1:

New idea of Fabrice Voitus for the Helmholtz solver — we may
eliminate all the variables but D (horizontal divergence) and get
rid of the iterative process used up to now.

E -F d R,

-B A+C/ \D Rp

(BE"'F+A+C)D=Rp+BE 'Ry

May be solved directly even if C20.
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The trajectory search in the SL advection scheme

» PC scheme with reiteration of SL trajectories produces noisy
solution in some cases.

» If model horizontal resolution increased => local divergence
may increase => Lipschwitz criteria may be broken locally =>
divergent algorithm for searching SL origin point => increase
in the number of iterations may lead to even less accurate
solutions.

» Similar problems have been identified at ECMWEF in IFS and
fixed by local change of the computation of the half level
wind.
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The trajectory search in the SL advection scheme

Current work:

» to calculate distances between two points representing
estimations of the origin point from two successive iterations

» applied separately for horizontal and vertical components
» applied on several real cases

Conclusions:

» Second iteration already very close to the first one.

» Depending on the criteria we may find some divergent grid

points, but the origin points are not moved by more then
dms.

» More systematic testing on longer period is needed.
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The trajectory search in the SL advection scheme
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