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48hr Forecast model Analysis increments

Regional 15 km Global T108 240x120 ~185 km

Global T571
1140 x 570 x 22
~ 35 km

225x300 x 2
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Target Grid for Regional 48H Forecast at 10 km using GEM_LAM

Hiéher resolution nested g
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Balanced Unbalanced
Ax = (AW9A%b9ATb909Apsb )T + (OaA%uaATuaAqupsu)T

- Construction of P, from yusing Local Balance Equation:
VEAR, = - V. (fkxAv,)
- Regression matrix to derive T, and py,: |AT, ,Apg, |= V AR,

- Diabatic Balance to control Vertical motion
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Nonlinear Normal Mode Initialization and Quasi-Geostrophic Theory

C. E. LeITn
National Center for Atmospheric Research,' Boulder, CO 80307
(Manuscript received 26 March 1979, in final form 12 December 1979)

ABSTRACT

The first iteration of the recently developed nonlincar normal mode initialization procedure for primitive
equation models leads to quasi-rotational dynamical and diagnostic equations agreeing with those of quasi-
geostrophic theory in a simple Boussinesq f-plane model. The proper initialization of a quasi-rotational
model, however, requires a nonlinear modification of the geostrophic state traditionally used. Various
generalizations are discussed bricfly.

Fic, 1. Schematic diagram showing linear and nonlinear
manifolds in dynamical phase space: &, rotational; ¥, gravita-
tional; 2, data; all linear; and 4, slow nonlinear with first
approximation 4.



1st Order Baer-Tribbia Balanced State
X = [.¥X + eN(X), (2.1)

X; = ¥y + Z; = ¥y + (el FEF)TVENyy), (2.4a)

The addition of a physical forcing term e%(x) on
the right side of the dynamics equation (2.1) does not
change the balancing procedure since eA(x) may
simply be replaced by eN(x) + €#(x) in the analvsis,
The slow manifold 4, of course, will be modified.
In the guasi-rotational dvnamics the balancing
circulation will be the sum of contnbutions from
nonlinear and physical forcing. Those physical
processes depending on vertical velocity, of course,

will not be treated well in the lowest-order quasi-
rotational dynamics,



Diabatic TL-INMI Balance
e
X=1LxX+é&N(X)
OX =1LoX+eNgdX
Gox = 1GLOoX+eGNygox
G 0 X=0 generalization of Ballish (NMC : MWR —92)
= GLoX = 1€ GNgoX TL Balance Manifold B

Use Andersen (1977) forward timestep trick toget :

Fl_'vf;.ldl._Si:jh:amau'.caldis;Igram shml'.-'l;g Iinea_.r ml'nldﬁnnn]ln_ear
Use Temperton's (1988) physica| space G — DFOjECtOFS. onal; @, data: all lincar: and 4, slow nonlinear with firs

approximation 4,
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g = VO(fV) B=J(f,) st f= f(A,0) here
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Baroclinic-INMI (Temperton, MWR-1988)

o

1) Run the model for one forward timestep to obtain
(88) (8D, » (BT, (8,10 py), = ()  (8,D), » (5,P),

2
2) Solve (Vz_%)Aﬁl =(8D,) 5 1=1.,N (N=50here)
l
3) Solve (vz_g) (8,8), = [v2(5t13)0_ fvz(atf)ol; [=1,..,N
5,P \ :
4) Compute Ap, = (tq))lG oAb LA N

5) Project back to gridpoint space
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[ (NL2-NL1) - TL ] Global HU T=6hr (LOOP?2)

HUT1
_ Niveau: 0.5161 s¢- Etiquette: G L2 LSC ER - Intervalle: 2* 1.0e-04 (7]
= : £ —
Sl O
(=N
S Vo ‘h\ =
“ ([ ]
g L %.
& )
N Q

1% 74 f
e
U Q
®)
9 X
( VAL
<& 7 £

Prevision 06 heures valide 15:00Z le 02 mars 2007

-12

-16
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