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Finite elements in vertical in ALADINNH

A Being solved since 2006 (ECMWEF, ALADIN, LACE, HIRLAM)

A As an enhancement of FE used in hydrostatic mddiedoh, Hortal, 2003,
for global model IF&daptedto LAM ALADIN) => keep @lloicesSI time
scheme, SL advection, mass based vertical coordinate & get similar stabi

A Hydrostatic modeg only integral vertical operators appear
A NH in height based vertical coordingtRuanSimarrg MarianoHortal)
¢ only derivativevert.operators

A NH in mass based vertical coordinate => bwoitegral and derivative
vertical operators appear

A In continuous case: vertical operators satigfgonditions(C1,C2)
In discretized case: NOT SATISFIED
A VFD: designed tBATISFX1 & approximation to ALMOSRATISFY C2

A VFE: iterative stationary method to solve the implicit problebelieved
non converging, CONVERGES wnath vertical discretization in real cases
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Finite elements in vertical in ALADNYH

2012¢ new implementation with several improvements:

A generalorder of the Bsplines

A variationdiminishing approach to define vertical coordinate eta
A newdefinition of knots (centripetal method)

A imposedtop and bottom boundary conditions on all the vertical
operators, various for distinct terms

Testing:

1)  Stability

2)  Robustness

3) Convergence of the Sl solver

4)  Speed of theonvergencef the Sisolver
5)  Accuracy
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Prognostic variables

Different in GP and Sgpacefor stability reasons

Grid-point space I_/’,T’ qgs = In(ms),§ = In ( ) gwﬁ

on half levels

p_dgu ov
mRT On T mRTVCb on

Spectrabpace D, (,T,q,,G4,d =

v transformationsgw <>d needed

Verticalcoordinatec mass based one 7(n) = A(n) + B(n)n,
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Interpolation with Bspline curve

PROBLEMto interpolate the data points* h'@* ) known on full levels
and materialboundaries withparametric Bspline curve
L+1

S(n, f(m) =D (%, fi) - ai(n)

STEPS: 1=0
1) Define knots to construc
B-spline basig,, useRS . 2 2 N a
algorithm

2) Determinevalue of parameter /\
eta in data points from knowh g

3) Determine spline curve control
points "0 "Q
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Interpolation with Bspline curve

PROBLEMto interpolate the data points* h'@* ) known on full levels
and materialboundaries withparametric Bspline curve
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S, f(n) =D _ (%, fi) - ai(n)

STEPS: 1=0

1) Define knots to construct
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algorithm '
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eta in data points from knowh

3) Determine spline curve contro
points "0 "Q



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

nwp central europe

Finite element process to define vertical operaldif (7)) = g(n)

To interpolate with
L+1

X L+1
> i fi) - W(@i(n) = > (9 i) - biln),
1=0 1=0

Usemean weighted residual approacWith weighting functions,

L+1 1 X L+1 1
> ([ wmaionan) G d) =3 ( [ bitasman) i) e v8Q b 8R
=0 1=0

Evaluatehe value of verticabperatorat locations 7

L+1

Q) = Z bi () (7, gi),1.6.°Q  07Q
i=0

We representertical operator withone single matrio 0 "Y 8
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%?SLACE

Newton or Dirichlet boundary conditions
are imposed on material boundaries:
1) On input quantity directly (prescribed values f or g at model top
and model bottom) an
2) On output quantity by adjusting thHmasisfunctionsb,
m a; - basis with no BC 0 b, - basis with 0 at top
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Linear system

D
%_t = RGAT 4+ RT™(G" — 1)Aq — RT" Aqs — Lds,
ad g* ‘o
ot RT*E
oT RT™
oL _ D +d
A

00 e

D—22(D4+d
gt =9 CU( + d),

s Kps

ot M0,
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Integral VFE operators

From model top (Kv), = [y vdn
From modeburface  (Py), = (K¢)1 — (Kv), = [, vdn

with boundary conditions Input: (?P) — (3_1”) =2
0 N Jr+1

Linear operators
S*p(m) ~ = (Km™ ),

G (m) ~ (Pm )i
N*(m) =~
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Derivative VFE operators

Laplacian term £*yp = L (%(m ) + (Z n’f
= =Da(5 5Dy + (Z-")DDy
with boundary conditions
Operator: Input: Output:
D1 Yo = 0,¢%r+1 =YL -
Do) Yo = 0, ((g—ﬁ)LH: 0 (D2¥)r41=0

DDy Yo =0,(52) =0 (DDy)r41 =0

om )i
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Implicit problem

In continuous case vertical operators satisfy 2 conditions:

. * % % Cp ox Cp A%\ _
: L (80— Ges - ot = &

In VFE discretization the conditions are NOT FULFILLED !
Implicit problem in 2L dimension for 8. = fdil elimination of variables not

= (6 ()

Stationary iterative method: Predictor as if C=0 => full elimination

()6 -6 96

Corrector with C on the RHS => full elimination

EII6 I e 16 R G

» 12,35" EWGLAM and 20 SRNWP MeetingAntalya, Turkey %

DDDDDD



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

< 1 convergence

A Depends on discretized vertical
operators used > 1 nonconvergence
A Believed norconverging (shown with
old vertical FE operators) Real case experiment:
A With the new VFE operators > /f__________———

converges in real cases (test realized |
In the setup through eigenvalues of a /
given iteration matrix) s = |

rho( M)
0.6
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Speed of convergence

A Satisfactoryin real cases with
stability achieved

A Objectiveverification scores
calculated for 10 days period => one ¢
iteration enough, the results are
undistinguishable in all parameters
exceptprecipitation

iteration

0.18 PRECIPITATION [mm/&h]
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Nonlinear system

Gontinuous Discretized

dv T 1 1 Op\ _», (P -
_V:_R_vp_<_.@).v¢ ( )z__l (_qu)z

dt D m O m . 8_77 ] m
dgw :g2.i. Op —7) (la(pa_ W))~= (iDh(p—W)>~
dt m on 1 "l l m - I
dT’ RT m
ar_ RT (VB = V. + [Pv (—)]

it~ G, L P/l
da_  Cppyy @ (Dol = -+ = D1V (Vo)
dt - "

g C; - > wp= (V- -Vm)— (KV-mV),

S = —— | (mV)dy L S
ot Ts Jo /(mV)dn = (KV -mV .
0

D, gives values on half levels when applied on full level varyble
boundary conditionsyo = 0,¢¥+1 = Yy,
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Summary we have 1 integral vertical operator and 4 derivative vertical
operators with the following boundary conditions

Operator Input Output
A N el — —

Ky (3” )o 0’(‘3‘” )L—H 0 (Ki)y=0

Dy Yo =0, Yry1 =YL —

Doy do=0,(5) =0 (D), =0

Dpy Yo =0, ¥r41 =YL —

DDy =0, (5) =0 (DDy),,=0
Each time step we perform
2 kind of transformations: T .

gw = gw, + T; (ﬂ(d _ X)) at time t

we need to preserve steady D

state =>T;T, = Id, not possible 4 = LTTd(gw) + X at time t+dt (explicit guess)
with FE operators =%, T, are ki
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Tests: Theoretical accuracy of vertical operators

E013 - FIRST DERIVATIVE OPERATOR E014 - FIRST DERIVATIVE OPERATOR
o - o
/\\ //\ “/\ //\
P . I \ P . \ /
s \R / > \HH /
B oo \ X - \ .'X
o —— alytical vale I — amlytical value
——  (enor RDERBFO0J*10000,E=2.12-05 —— (enor RDERBFO0}* 10000, E=2.62-05
{enor RDERBFO1 10000, E=3.52-05 {enor RDERBFO1 10000, E=4.42-06
—  (enor RDERBHDO} 10000, E=4 2607 — (enor RDERBHO0) 10000, E=2 508
- {enor RD ERI)10000, E=0,00087 o {eror RDERI)1 0000, E=0.00012
T T T T T T T T T T T T
00 02 04 06 08 10 00 02 0.4 06 08 10

100 uniformally distributed levels 200

Compared to the analytical value of the functir 9

.3
satisfying the boundary conditions o (sin*(7z) cos(rz))
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height [km]

Sensitivity in idealized experiments

2D vertical plane model experiments:

1) Flow overAgnesshape orographg NLNH regime

2) Potential flow

3) Density current$trakatest):k EI''k 1 T'panY X

“VFD

_ —— - = — e — s
300 320 340 360 380 400 420
grid point

height [km]

3

kidlroas
symmetric temperature perturbatiorAl5K, only half of domain shown

grid point

~ VFE

Potential temperature field, contour interval 1K

(OB A
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3D academic tests

A steep orography (Alpine ridge), 1km horizontal resolution
A 28 Feb 2012 00UTC, +24hours
A adiabatic run
A timestep30s
Verticalcross section through the
Orography middle of thedomain
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