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# 1. BEBY - o B AETHRE

R g

H(m)

1 0008 220.25 9718.67

2 0028 209.14 3393.61

3 0.040 19815 T94.T1

4 0.092 19912 303.92

5 0136 21405 134.07

6 0187 217.82 64.43

22733 39.68

7 0247

8 0315 23696 2098

9 0393 247.70 11.39
10 0482 25823 6.55
il 0.575 26692 3.94
12 0.669 27394 236
13 0757 279.79 144
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15 0904 287.66 0.40
16 0.950 290.40 0.18
17 0.978 29183 0.10

18 0995 29208 0.03
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1.80=0 - FEFELHAMERSEE ()B4

2. L0200 BB AR B — R B

(time step ) #EHEBE LAy“2T

sAANREY Eanil” . @b

¥l B

da{n)

41 9S LR R B BRI o

5HA a VEBR AR BN R ACMEIER
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HEn<3S - _
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e is— (A 8 P A8 B B 5 R B T RS T
B Bk A SRR R
#% (normal mode) + FIFT PG RIERY L B W BRI 3
BT ISR E D - S EEER RS T
EENERIER SR AR
R AT SR R @ R SRR 0 5
— A AR TR SR R R
o+ R NNMIE 2 5 0 O R B B R
{#B% » HMachanhaver (19774577 ¥ B REY 5
FEEPEIRRMETR - M T R £ B
HERCERBNTHTHRSHTEE - F#
NNMIEGBEATE S ERA RHRT - HEER
BMERARAE A » BRI TR AL
K> BHET—SEEHEETHIE  REE
NNMIch 1 A SR ST -

A B B AR RO A 3 0 38 R NNMI B 72 »
BRI (discrete) RURREERIA TR B 54
RN - DR s AR R R R EHE R
SRIERE > TTRLEREOEIA A (cigen value) FYIERHEE
BRI o ST T AR AT AR MR A BB » SER
FENNMUS EEH T - S —ERSEEMN
@ 2 P L B 2 P B AR B Legendire
RSO L B R R E B R M R 1 - T U
HACREE E TR PR B Y - i BB RE
WAL B R ERERN T - 3
#4 » ZENNMIB S 5 S o 6 B T 3 R A 2 R B0
AR AN TRER SR RS - REH LR
S & TR BN B R DL AT B B R T A
TR ST TR RARBE -

PRGBS SRR - KT AT
FET79 -~ S E 188 » MELL19944E3 H 21 H 12ZA5 (B £
AT AT B RANNMISLA » B B B 24 /N R
TS B NNMI R BB A NNMIR B R A 5 46
4 NNMEE) B 366/ s T R R TR R 38 »
B » ATt s R R E A LR - &
# EE1=2 « 1=3 « 143 @ ERBEEHEG - 2
4t » NNMIth 64 A S & B S R AR E
E - EhERMFEENESE - T8 hERES
—{EBL% B R A IS BB DL R+
Sl > BEE—HINBURE -

ERY
ZRWHNORANZABEGRE (BHRT)
B BAX(A, p)#RR2EERRERR ER g R
XATWsB R T ¢

XA0= T % A0 (A1)

Hp A RRRY - t BRENEEN g =sing » 9
BEE  ME=AREERIEE - NRTBEHER
B SREEBIT(A, 1 )HE

YOO, w)=Pu(u)e' ™ (A2)
R Py u ) B nfEmA T By EH Legendre I

2n+1l(n—m!
2(n+m)!

HP, R Legendre S TH =

1 d"(x2—1)"
2"nl dx"

R mEL-m BB & B P (p)=(- 1) PR By &7
M FEFF (n-m) KEESERAEEEILHEN
W BTSSR - A8 BRI E
% PR A IERETHE » BT

2(k+)!
JLPsmPtnd e =2 sy (a5)

4 AR2RASLFEREY - HIL R E B
FRCA, VAT AR ‘
P, p)=Y"" (A, 1) (A6)
RS - IR e TR - RO
Xp=2X""
A AT L BSAE ORI b R m = OR(EETTAT
DIZMmEEnms » alinE-1 (PAT4RE1) Fx -
WRERREIER M » PRI TAR

cos(§ )b L) (A3

Pu(x)= (Ad)

&
1 Lorex m ~ima d
Xr=aee| XL IPR(w)e A d p (AT)
BHBIE (A )T v DU S T BRI (FFT) iR B
F‘“(u):-z-%r— XL, e ™A (AS)

T2 0 )8 4> BF Bl Gaussian quadrature 288 »
HEAWEHE  BRR—EIEK o((WBRIPRE
B2k-17¢ » HAE- 1R IR S T LA RER

[l etmdn= 3 W) (A9)

~ 195 —



Heh W, FBR Gaussing i

I ' Pup)
P} s

s AR ZEAR § ZERRTE LA R o
5o T iR A R LRY 7 4 aliasing
error ZIE R AP BN /NP BERSM (ME=AR
BT - Fe bl 0 ARG TR TAES

Xr?:(SMjig].:/Z
i 7E Gaussianffif_HARMETTEIE (AL) SA3HEI ¢

(A12)

W, = du (A10)

£ Gaussian latitude -

WiF (PR ) (Al1)

MM )
X =m_E_M n}}le’A‘P'S(u Jeimh

T H b2k A R m R TG 7 (A R B ( HFFTHE

) RS (RERE R LRE) - Eik
SRR — R RIT R R BB B
T » AT DUR R R Legendre B BUHI I B TR 0 - 2
Bl -6FTR » A DA— R SE AT BRI - & kE
BWEPY - P~ PIEHEETE  EROHE ST AER
BE{r B L R AR -

B 6. associate LegendrefH# 2 HEF| 5= « Pr » &n
—mFAFRERHEE  RRRRRHEE -

i A BRI S5 BE i R AL T 8 (basis function ) [
THEHEEETEX e/ (HEEE) » B
EEFNRETRREEZ L Laplacion®E T (Vi) MY
n(na-l- I)Eﬂ

eigen function » Heigen valueg —

vz(Prrrln('u)eimA):_nslﬂz'i‘l)m(u)eima

HrpaRHERPR o FFEEW R 0 ROTRTLUR
5 {58 S R R 485 L W 5 B 305 e D T 4
o RS DU QT (X) (velocity potential ) B

(A13)

FiEE By (stream function ) FiR

U=VX—V X () (Al4)
KBTI RS - B (&) RIER (D)

L B B 5 O B R AT
=2V (Al5)
D=V'X (A16)
s (A14) B FSE DlcoslEE /P » B3]
1 20 3Y.
v=2 W_CO:Z £ (AlD)
0 1 av
Vm—ﬁ W—Fh&'—fﬁ (Al18)
Hoepr
U= chsg!
V= VCZS!Q
H(AL5)SE(AL16) AT BRERGE T 1821
ga=—2t Dy (A19)
Dp=—2t Ly (A20)

FEE(AIDE(ALT) » (AIRFE(A19)(A20) RS

U(l ‘u)“mEM nﬁlmln(n'l"l)Dum(#)elml
MR cosp mdP‘“(g &
T A DS dp o A2

Hiuw= % 3 ,,(,,H,mem(u)e'm*

me=—M 71 m|m| «

i".{ ¥ cosPd dPa(p) gima
m-—Mn-lml(n+1) n d{.l,

ﬂ!ﬁﬁﬂﬁﬁiﬁ@]&iﬁﬁﬁﬁjﬁﬂ?_”ﬁ%ﬂ

(A22)

A, )P )e '

cas2 ¢

+271'J- I U(l u)ﬂﬂ_ —ima (A23)

m__l_ —iml
_ZIFJ.DJ. coszq)U(;L PR )e
1 2xcl dPR( —ima
+2Hj0 JAIV(?L,M)“&—dﬂ ¢ (A24)
7\ BEIM
Andersen, J. H., 1977 A routine for normal mode init-

alization with non-linear correction for multi-lev-

el spectral model with triangular truncation.

— 196 —



ECMWTF Internal Report No. 15, 41pp.

Bear, F., 1977: Adjustments of initial conditions requi-
red to suppress gravity oscillations in nonlinear
flow. Contrib. Atmos. Phys., 50, 350-366.

Bengtsson, L., 1981; Current problem in four-dimen-
sional data assimilation. Data Assimilation Meth-
ol, ECMWF Seminar 1980, 195-217.

Daley, R., 1979: The application of non-linear normal
mode initialization to an operational forecast
model. Atmos Ocean, 17, 97-124,

Dickinson, R., and D, L. Williamson, 1972: Free os-
cillations of a discrete stratified fiuid with appli-
cation to numerical weather prediction. J. A. 8., 2
9, 623-640.

Errico, R. M., 1983: Convergence properties of Mach-
enhauer’s initialization scheme. Mon. Wea. Rev.,
111,2214-2223.

Errico, R. M., and P. J. Rasch, 1988: A comparison of
various normal mode initialization schemes and
the inclusion of diabatic processes. Tellus, 40A,1-
25.

Harms, E. D., R. V. Madala, S, Raman, and K. D, Sas-

hegi, 1993: Diabatic initialization tests using the

Naval Research Laboratory limited-area numerical
weather prediction model, Mon. Wea. Rew,, 121,
3184-3190.

Kitade, T., 1983: Nonlinear normal mode initialzation
with physics, Mon, Wea, Rew,, 111, 2194-2213.

Miyakoda, K., and R. W. Moyer, 1968: A method of in-
itialization for dynamical weather forecasting,
Tellus, 20, 115-128.

Machenhaver, B., 1977: On the dynamics of gravity
oscillations in a shallow water model, with appli-
cations to normal mode initialization. Contrib
Atmos. Phys., 50, 253-271,

Nitta, T., and I. B. Hovermale, 1969: A technique of
objective analysis and initialization for the primi-
tive forecast. Mon, Wea. Rev., 97, 652-658.

Williamson, D. L., R. Daley, T. Schiatter, 1981: The
balance between mass and wind fied resulting
multi-variate optimal interpolation. Mon. Wea.
Rew. 109, 2357-2376.

Williamson, D, L., and C. Temperton, 1981: Normal
mode initialization for a multi-level grid-point
model, Part 1I: Nonlinear aspects, Mon. Wea.
Rev., 109,744-757.

w2 T



NONLINEAR NORMAL MODE INITIALIZATION
OF THE CWB GLOBAL SPECTRUM MODEL

Jen-Her Chen
Central Werther Bureau

Hung-Chi Kuo
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National Taiwan University

ABSTRACT

For a rest and statically-stable atmosphere, a vertical structure equation can be obtained from
the continuity and thermodynamic equations through the linearization of the primitive equation. By
solving this vertical structure equation, we can get a set of equivalent depths, and, for each of the
equivalent depths, there is a shallow water system. The solutions of this shallow water system are
westward-propagating Rossby and gravity waves and eastward-propagating gravity waves. The
linear normal mode initialization is to set the amplitude of the removed gravity wave to zero,
whereas the nonlinear normal mode initialization (NNMI) is to set the tendency of the amplitude of
the removed gravity to zero. The major difference of these two methods is that the NNMI can have
the gravity wave in the initial fields. In this paper, we would describe the procedure of NNMI in
detail. The most important part of NNMI is how to construct the matrix of vertical structure
equation and the matrix of horizontal structure equation. We also depict the data structure of the
program which enables a more efficient computation on spectrum coefficients.

We used CWB's second generation global spectrum model with 18-level and T79 resolution to
test the NNMI and found that NNMI can reduce the pressure oscillation notably by the time series
of 24-hour surface pressure forecast. In addition, the differences between the initialized fields and
the analysis ones are small, which means NNMI does not change analysis very much. At the same
time, we also compare the initialized fields with different vertical mode and found there is of no

obvious difference,

Keywords: Nonlinear normal mode initjalization (NNMI), vertical mode, horizontal mode, spectrilm

transform.
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