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1. INTRODUCTION

This study compares vertical motions in
the global atmosphere, evaluated by various
schemes of integrating the continnity equation.
The schemes include a central dilference scheme,
plane fitting method, spherical harmonic ex-
pansion method, and normal mode expansion
method.

For comparison, the vertical motions pro-
vided by NCEP and FCOMWIE reanalyses and
FCMWIE TOGA analysis are presented for the

reference.

2. DATA AND METHOD

The twice daily (0000 and 1200 GMT)
NCEP global reanalysis with u,v,w, T, ¢ are de-
fined at every 2.5 by 2.5 degree grid points over
17 vertical levels from 1000 to 10 hPa. Since w
is provided in the NCEP and ECMWIE reanaly-
ses. the results in this study are compared with
these w to find to what extent these values agree
with each other.

‘I'he vertical motions w are evaluated from
horizontal divergence (V- V) in pressure (p) co-
ordinate by integrating the conlinuily equation
in the vertical.
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lere, the boundary condition should he w=0 al
the limit of p — 0.

2.1 Dillerence Scheme

[n this scheme, the horizontal divergence is
approximated by a standard central finite differ-
ence method:

w(z + Ax) — u(x — Ar)
2Ax

vy + Ay) = v(y - Ay) (2)
24y

The divergence is evaluated by the small differ-

v.v =

ence in wind speed. Unfortunalely, this seheme
conlains targe error in small scales since the ob-
served wind has, at lTeast, 10 percent of error,
Hence, Lhe divergence sometimes contains more
e 100 pereent of error.

2.2 Plane itling Method

This method is aimed to remove such an
erroneous divergence in small scales by litting
wind field on a plane by the lease square method
using adjacent data around Lhe origin. The de-
viations from the plane are considered mostly as
an observational ercor.

(e, y) = wg x4 by
(e, y) = wmy+ewddy
V'V = a+td (M)

‘This method is widely used since it can be appli-
cable for randomly distribited observation sta-
tions.

2.3 Spectral Method

Since the fundamental idea of Lhe suceess-
ful Plane Fitting Method is a filtering of diver-
gence in small scales, it is straightlorward to ap-
ply the method for global data by a spectral ox-
pansion and synthesis.
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lere, the divergence is expanded in spherical
harmonics and synthesized over the wavenun-
bers approximately a hall ol the Nyquist
wavenumber.  The expansion cocfficients are
evaluated analytically from the observed wind

without a use of finite difference scheme.

Although the divergence should be inte-
grated from the top to bottom of the atmo-
sphere with the boundary condition of w=0 at
the limit of p — 0, it has been commonly in-
tegrated [rom the bottom to top for abovemen-
tioned schemes by evaluating surface w under
a proper assumptions. The resulting contra-
diction at the top boundary are adjusted by
O'Brine's (1970) quadratic correction. llowever,
the surface w appears to be erroneous over the
mountainous regions, such as Tibettern Platean
and Antarctic.

2.4 Normal Mode Method

In this studv. we have developed a4 new
spoctral method to calenlale w by expamding the

vartable tn 321 normal mode hinctions:

U(/\,H, 12D ,) = Z f”nlm(UXm[[nlm(/\s()a1))v
nim
”—’nlm(") = < U X;.‘nnlm (r))
Here,
U= (u,v,d})T (6)

is the state variable vector with horizontal wind
velocity u, » and geopotential deviation [rom the
reference state ¢ as functions of longitude A, lat-
itude 8. pressure p and time £. The 3-D Fourier
expansion coellicient w,, has triple subscripls
ol zonal, eridional and vertical wavenmnhers,
respectively. ‘The expansion basis function 1y,
is a tensor product of vertical structure functions
G and Hough functions. The dimensional fac-
tor matrix ., contains proper scale paramelers
involving the separation constant of the cquiva-
lent depth h,,,. The equations in (5) construct
a pair of Fonrier transforms in the 3-D spectral
domain,

Once the expansion coeflicient wyp, is ob-
tained, the vertical motion w may be calculated

by the synthesis, corresponding to the inverse
Lransform:

qh,,,;) (!, . . i\ -
w = Z 20— _IT"I"tl1nla1xlr1|, énfmel : ( ‘)

nlm

where  is the angular speed of Earth's rota-
tion, g the gravity acceleration, R the gas cou-
stant of dry air, y the stalic stability parameter,
T otm the eigenfrequency of Laplace's tidal equa-
tion, and Zutm the geopotential component of
the Hough function. Refer to Tanaka (1997) for
the detail.

3. RESULTS

Figure | compares w at 500 hPa level on
January 28, 1989 for (a) NCEP reanalysis, ()
ECMWTF reanalysis, (¢) Spectral method, and
(d) Normal mode method in this study. This
specific day is chosen [or the demonstration be-
cause an explosive cyelogenesis takes places al
the Far Bast to vield a chain ol upward and
downward motions. A detailed analysis has
been documented for this event by Tanaka and
Milkoviteh (1990).
sooth w compared with apparently noisy w
hy BCMWLE.
Cand e Battey P-106.
Lhe spectral inethod (F-12) o this sty is s
ilar to NCEP reanalysis. Yel, the values are ex-
tremely large over ‘Tibet and Antarctic. Those
of the normnal mode wethod are smoother and
no extreme values are found over Tibet. The
llough mode Lruncations in this study are 206
Rossby modes and 21 gravity modes with 15
zonal wavemnnbers.

NCEP reanalysis tndicates

The former has o model resoln-

Lion of 162 The w by

Figure 2 plols vertical profiles of w at
160°E, and 175°F over (a) for 25°N and (b) for
A5°N for various scheme (solid line for ECMWI,
dotted for NCEP, single dotted dash Tor spee.
Lral, and double dotted dash for normal node).
The dillerences in the magnitude are substan-
tial. THowever, the dillerence for various estina-
Lors is within the range of the difference hetween

FECMWIE and NCEP reanalyses,

4. SUMMARY AND DISCUSSION

We first realize Lthat the vertical motions
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Fig. 1 Distribution ofw (a/s)al 500 hPalevel

on Janwary 28, 1089 for (o) NCISP reanal

ysis, () BCMWL reanalysis, (¢) Spectral

method, and (d} Normal mode method,



provided by NCEP and ECMWI' reanalyses and
ECMWLE TOGA analysis are substantially dif-
ferent; the w field is noisy in ECMWL, in con-
trast, it is too smooth in NCEP. The central dif-
ference scheme and plane fitting method provide
noisy w ficld containing small-scale variations
as in ECMWI, whereas the spherical harmonic
expansion method and normal mode expansion
method yicld smooth w field as in NCEP. The
difference in the magnitude for various eslima-
tors is, however, within the range of the differ-
ence between ECMWI and NCEP reanalyses.
We need to compare Lhe result with some groand
truth to justify the magnitude and distribution
of those cstimated w.
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Fig. 2 Vertical profiles of w (Pa/s) for var-
ous scheme at 160°E and 175°L over ()
for 25°N and (b) for 45°N. (solid line for
ECMWF, dotted for NCEDP, single dotted
dash for spectral, and double dotted dash
for normal mode).

50

- 500

1000

2

lat = 45.0

3

lon =175.0

lat = 45.0

2

lon = 160.0

(b)

50

200

S00 A

1000

1000

lat = 25.0

>

2

lon =175.0

- 4

lat =250

2y

100 -

200

500

1000

0.50.5

0.5



