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ABSTRACT. A number of numerical experiments are carried out with a barotropic primitive
equations (PE) model for forecasting the tropical systems. A systematic approach has been made to
solve some of the important problems arising in the process of integrating such a simple PE model
in the low latitudes. Emphasis has been given 1o the initial data problem in the tropics. In order to
study the influence of dynamical initialization and filtering techniques on the forecasting model and
to study their smoothing characteristics, the spectral decomposition of kinelic energy of initial,
initialized, forecast and actual wind fields, is carried out. Further, the improvement in the efficiency
of the model by incorporating these techniques is demonstrated. Finally, this model is applied to
forecast the movement of tropical cyclones and a monsoon depression in the Bay of Bengal and

inspite of the constraints of the model, the resulls are quite encouraging.

1. Introduction

Most of the numerical prediction models (filtered
and PE models) developed for the mid-latitude, make
| use of the observed geopotential field as initial data,
i‘ because this field is comparatively smoother, more ac-

curate in measurement in mid-latitudes and easier to
analyse than the wind field. The velocity field is ob-
tained from geopotential field by using geostrophic
balance. However, the realization of initial data by
this process in the tropics is more difficult as :

(1) Nearly 2/3 of the tropical belt is covered with
data sparse oceanic region.

(ii) In the tropics, the gradient of geopotential
is very small and also theday to day varia-
bility is of the same order as the inherent
observational error. Further, the geostro-
phic relation does not hold good and the
solution of the balance equation suffers
from ellipticity problems.

From the above it is clear that the use of geopo-
tential height as the basic input to the prediction models
in the tropics, has certain serious practical and theoreti-
cal limitations. Whereas, the wind field. as found from

theoretical and model considerations, seems to be
the better source of data in the tropics (Obukhov 1949,
Winninghoff 1968, Houghton and Washington 1969,
Gordon et al. 1972), it suffers from sparsity of observa-
tional network. Efforts are continuing to increase
the density of observations in the tropics. One of
the main purpose of First GARP Global Experiment
(FGGE) was to evaluate the performance of the models
with the increase in density of observations in the tro-
pics. With the introduction of geostationary satellites
with meteorological payloads, the wind field can be
derived from the cloud movement more accurately for
the tropical regions than for the polar latitudes.

Inspite of enhancement of wind observations by
geostationary satellites, choice of wind field as basic
data suffers from the problem of objective analysis at
regular grid points and estimation of geopotential
height by solving non-linear balance equations, which

.require the knowledge of stream functions (Mohanty

and Madan 1983).

Therefore so far, there .is no single anq uni_que
opinion in favour of either wind or geopotential height
data, for their use as the initial data in the tropisc.
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Fig. 1. Initial geopotential field (dkm) for 6 Nov 1973
Some of the works (Falkovich 1971, Krichak 1976.
Das and Bedi 1978) used geopotential field as the

input data in their models, whereas others (Vanderman
1969, Krishnamurti 1969, Gordon er al. 1972) used
wind field. Thus, it is revealed that the initial data
problem in the tropics requires further systematic
studies.

Besides this, the integration of a PE model is
encountered with other problems, i.e., initialization of
mass and velocity fields, smoothing and filtering of high
frequency waves. In this study, a number of experi-
ments have bzen carried out with a PE barotropic
model to demonstrate the problems involved with the
practical realization of this modelin the low latitudes
and their possible solutions.

2. Model

2.1. Basic equations— In this study, a barotropic PE
model is used for a limited area mercator projection of
the tropical belt, bounded by 3°-40° N and 60°-120° E.

The basic equations of the barotropic PE mode!
in cartesian coordinates on mercator projection are :
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where, m — the map factor (m=secg, where 4 is the
latitude at which the projection is true).

All the other variables have their usual meaning.

2.2. Boundary conditions — The rigid walls are
imposed at the northern and southern boundaries (i.c..
v=0). Applying this assumption in th: momentum..
equations (Egns. 1-2), the boundary conditions for u
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Fig. 2. Initialized geopotential field (dkm) for 6 Nov 1973,
obtained after 18 hours initialization

and /i are obtained. Thus at the north and south

boundaries :
r=20 (4)
ou cu bl -
o i:r(tl?;+a(glr))—0 (5)
i)
+m— (gh) =
Ju M (gh) =0 (6)

At the eastern and the western ends, cyclic conditions
are imposed. This type of boundary conditions are
used by Shuman and Vanderman (1969), and Kivganoy
and Mohanty (1979).

3. Numerical solution

Shuman’s semi-momentum finite difference scheme
(Shuman 1962) is used to evaluate the space derivatives
in the Eqns. (1)-(3),(5) & (6). Euler — backward finite
difference scheme is employed at the first time step,
while Adams-Bashforth scheme is employed in the
successive time steps.

Since the domain of integration is divided into
a number of regular grid points with spacing of 210 km,
the time steps of 5 minutes are found to be suitable.

4. Data

For this study, a typical synoptic situation domi-
nated by a tropical severe cyclonic storm in the Bay of
Bengal (6 and 7 Nov 1973), has been selected. Ana-
lysis of wind field (stream lines and isotachs) and geo-
potential field (contour apalysis) was carried ou! ma-
nually for 6 mandatory pressure levels (1000, 850, 700,
300, 300 and 200 mb) at 0000 GMT. It is suggested
by Sanders et al. (1975) that a vertical integration of the
flow pattern in the tropics is a better representation

of the tropical cyclone and its movement by barotropic
models,

in this work the pressure
v and k fields are carried out

_ With this consideration,
weightage averages of y,
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TABLE 1 '

Results of the spectral decomposition of KE in the
process of initialization (6 Nov’ 73)

During the process of initialization
Wave No. Initial A —
(6'"Nov) 6hr 12 hr 18 hr 24 hr

m=0 34.5 34.3 4.2 34.1 34.1
(Zonal ko) 0.5 0.7 (0.9 (0.9
m=1, 2 6.9 6.2 6.1 6.1 6.0
(Long waves) (10.7) (11.5) (12.00 (12.4)
L3400 km
m=3,6 0.5 0.4 0.4 0.4 0.4
(Synoptic scale) (27.8) (29.4) (30.1) (30.5)
11100 km
<3400 km
m=1, 15 0:2 > 201 0.1 0.1 0.1
(Short waves) (42.5) (46.2) (48.7) (50.3)
L>420 km
<1100 km
m=0, 15 42.1 41.0 40.8 40.7 40.6
Total k, 2.7 @G.1) (3.3 (3.9
ko 0.82 0.84 0.84 0.84 0.84
Total k¢

Note : The figures in brackets give the % change from the initial
values

over the atmospheric layer between 1000 and 200 mb
levels by the relation :

200 200
s f X dp dp , where X = (u,vh) (N
1000 1000 ;i

Similar type of fields are also used by Gandin
(1963). Vertically averaged geopotential fields for 6
and 7 Nov '73 at 0000 GMT are given ir Figs. | and 5.

5. Numerical experiments

The following numerical experiments have been
carried out to demonstrate some of the problems in-
volved with the practical realization of a PE model in
the tropics.

5.1. Static initialization

The wind field is considered as the basic input to
the model (Egns. 1-3). Tn order to evaluate the

geopotential height from the observed wind fields,

the following steps are taken :

(i) The stream function ¢ is obtained from the
?g?gived wind field (Moharty and Madan

(i) The geopotential height is obtained from the
pon-divergent wind fields by the iterative
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solutions of the non-linear teverse balance
equation :

o 1) '
2(h)= — £ [ ?-(V¢. 7V¢‘}
| A
- k.{vx(fvl;,) }] (8)
il o e OO _o¥
when,u‘ﬁ--- 2 v¢_ ax

In the solution of Eqn. (8), the observed values of geo-
potential height are taken as the boundary values and
the space derivatives are discretized by Shuman’s semi-
momentum finite difference scheme.

Mean absolute differencé | 6H | between the ob-
served and the derived geopotential and their maximum
difference | 5H | » are calculated for both the synoptic
cases in order to evaluate the accuracy and representa-
tiveness of the derived geopotential field. It is found
that mean [57 | is 0.7 decametre whereas mean |5H|m is
3.7 decametres. Mean absolute maximum difference
is observed close to the cyclonic centre. From this
experiment, it may be concluded that the derived geo-
potential heights from the observed winds in the tropics
can be used as the initial data with reasonable accuracy.

5.2. Dynamic initialization

The method of dynamic initialization used is similar
to that proposed by Nitta and Hovermale (1969) and
applied earlier to tropics by Mohanty (1982). A
number of numerical experiments have been carried
out in this study to provide an elaborate illustration of
the impact of dynamic initialization on numerical
weather prediction in the tropics.

These numerical experiments are broadly divided
into three categories :

(i) To ascertain the reliability and acceptance
of the initialized fields as input in the model.

(ii) To study the impact of initialization in the
process of integration of the model.

(iii) To evaluate the role of initialization on the
24 hours forecasting parameters.

In order to evaluate the reliability of the initialized
u, v and h fields, the initial observed wind (u, v), and
geopotential (/) derived from wand v, by static initiali-
zation for 6 Nov'73. are subjected to dynamic initiali-
zation (18 hours pseudo forecasting). The mean abso-
lute differences | 8H | . | 8u | , [8v | between the initial
fields and the initialized fields are calculated. It is
found that after 18 hours of initialization, these mean
absolute differences are 0.7 decametre,l.3 m/sec and
1.1 m/sec respectively. Further, for a qualitative
comparison, the 18 hours initialized geopotential field
for 6 Nov *73 is illustrated in Fig. 2. It is evident from
Figs. 1 and 2 that though the broad features and the
positions of cyclonic and anticyclonic centres are un-
altered during the process of initialization, the initia-
lized / field is smoothed to some extent. The geopo-
tential height of the cyclonic centre is risen by 2 deca-
metres and there is a decrease of h by one decametie
at both the anticyclonic centres,
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Fig, 3. Time tendency of geopotential during: (1) Forecast
without initialization, (2) Forecast after 6 hours

initialization, (3) Forecast after 18 hours initia-

Fig. 4. Maximum and mean divergence fields during :
(1), (3) : Forecast without initialization, (2), (4) :
Forecast after 18 hours of initialization

lization. and (4) 18 hours initialization process

Thus from both the quantitative and the qualitative
evaluations, it may be concluded that the meteoro-
logical fields do not undergo any radical changes during
the process of dynamic initialization, which may be due
to the fact that the mechanism of initialization mainly
suppresses only the high frequency gravity modes,
without any substantial change to the broad synoptic
scale processes.

In order to investigate the above statement, the
spectral decomposition of kinetic energy (Cooley and
Tukey 1965) of initial wind (u, ¥) and the initialized
wind with different periods of pseudo forecasting
(6, 12, 18 and 24 hours) are givenin Table 1. Kinetic
energy and its percentage variations (givenin brackets)
from the initial wind fields are computed over the en-
tire spectrum of the waves and are grouped in to four
categories such as zonal (wave number m=0), long
waves (m=1-2), synoptic scale waves (m=3-6) and
short waves (m=7-15).

From the analysis of Table 1. it becomes clear
that in the process of dynamic initialization the change
in the total kinetic energy does not exceed 47 of its
initial value. Kinetic energy for zonal motions (wave
number m=0), which is about 849, of thetotal kinetic
epergy, practically remains same as that of the initial
wind, as the maximum percentage variation is only
0.99%. While kinetic energies of long waves, synoptic
waves and high frequency waves decrease by about
12, 30 and 50 °/ respectively. Thus the initialization
procedure shows the properties of selective reduction
of the amplitudes of the different modes with maximum
reduction for short waves and minimum for zonal waves.
It is found that most of the reduction of kinetic energy
over the entire spectrum, takes place during the first
6 hours, which is the characteristic period of geos-
trophic adaptation of the mass and the velocity fields
(Obukhov 1949), and with further increase in the period
of initialization, changes are quite insignificant.

To study the effect of initialized fields compared
to the initial fields, during the process of integration of
the prediction model (Egns. 1-3), three experiments
are conducted with (i) initial fields (without initiali-
zation), (if) initial fields after 6 hours of initialization

and (iii) imitial field after 18 hours of initialization.
As a barotropic PE model is isolated from external
sources of energy, the values of mean absolute local
rate of change of the dependant variables ([u], v, ')
should be more or less stable and copnstant during the
24 hours forecasting period. But it is evident from
Fig. 3 that during the first 6 hours period, the forecast
with non-initialized fields, gives an unstable and unrea-
listically high values of |4, whichisa sign of computa-
tional instability. The field with 6 hours of initializa-
tion also indicates some unusual changes of /), where-
as the field with 18 hours of initialization gives almost
constant and realistic values of [ during the entire
24 hours forecasting period. Similar trends are seen in
1), v| values also.

Further, it is interesting to find out the change of the

mean absolute divergence |D| and absolute maximum
divergence |D),, in the process of 24 hours forecast, as
the gravity waves manifest themselves almost entirely
in the irrotational part of the fluid motion. The mean

absolute divergence |D| and absolute maximum diver-
gence|D|,, over the entire prediction domain, are
estimated and illustrated in Fig. 4. It is found that
at_initial time (time 7=0) both (D] and |D|,, for non-
initialized wind fields are considerably higher than the
corresponding values with the initial initialized (18
hours) winds (4 and 20 times respectively). Thus, these
experiments illustrate that though the mass and the
velocity fields are balanced by static initialization,
they do not satisfy exact conditions of balance, when
used as input variables, in the prediction model, and
thus lead to the conditions of instability and also
yield unrealistic high values of these meteorological
fields during the process of time integration of the
model. To find out the importance of dynamic
initialization in numerical weather prediction, the follow-
ing parameters, which are used to evaluate the effi-
ciency of a numerical model in the prediction of meteo-
rological variables, are estimated.

N
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TABLE 2

Results of evaluation of different types of forecasts from
_ initial fields of 6 Nov 1973

Different types T u v
of

initial fields Re R B R R Mo Ry Ry Ry
Without
initialization 32.817.88.4 8.52.52.7 149441338

With initialization

(without filter) 3.4 1.4.54 2.8 .74 .72 29 .6 .6
With initialization
and filter 2.8 1.1 49 Xy A1 2.5 6 6

TABLE 3

Results of spectral decomposition of KE of the initial wind field

(6 Nov' 73), actual wind field of the next day (7 Nov' 73) and forecast

wind field with different level of initialization (0, 6, 18 bhr of
initialization

24 hours forecast
—P

r o
Wave No. Initial With-  With With  Actual
6 Nov  out 6 hr 18 hr 7 Nov
1973  initia- initia- initia~ 1973
lization lization lization
m=0 34.5 62.2 36.2 30.7 30.8
(Zonal kg)
m=1,2 6.9 13.5 9.0 5.3 7.3
(Long waves}
L3400 km
m=3,6 0.5 47.1 5.8 0.5 1.4
(Synoptic scale)
L1100 km
<3400 km
m=T, 15 0.2 7.1 1.9 ;3 0.6
(Short waves)
L£22420 km
<1100 km
m=0, 15 42.1 129.9 529 368 40.1
Total k:
ky 0.82 0.48 0.68 0.83 0.77
Total k¢
N N
|
Ry= [2 |Xpi‘“XH Xai—Xii (10)

W}ierc)

N—=number of grid points over which the forecast
is evaluated.

X=(u, v, h) and the suffix /, ¢ and p, stand for
initial, actual and predicted values of the
meteorological field X respectively.

REALIZATION OF PRIMITIVE EQUATIONS F/C MODEL 131

For an ideal forecast, the values of Ry, R; and R,
should be 0,1 and ] respectively. Thus the efficiency
of the model with different input variables can be judged
by the values of these parameters in relation to their
ideal values. R,, R, and R, are estimated for two
sets of 24 hours of forecasts, i.e., (i) forecast with non-
initialized variables as input, (if) forecast with initialized
fields as input, and are presented in Table 2. From
the first two rows of Table 2, it can be inferred that the
forecast with initalized fields as input is much better
than the forecast with input fields without initializa-
tion.

In order to find out the efficiency of the model
integrated with non-initialized and initialized input
variables, to predict different scales of processes, the
spectral decomposition of kinetic energy of initial,
24 hours forecast with different input data and actual
wind fields is carried out. The results as illustrated in
Table 3 are :

(i) The forecast wind fields with non-initialized
initial data are amplified over the entire
spectrum of motion and the total Kkinetic
energy increases toalmost three times that of
the actual wind fields. Further though the
zonal (m=0)and long waves are amPliﬁed to
about two times, the synoptic scales' and the
high frequency gravity waves are amplified to
more than 10 times the actual value and
seem to be quite unrealistic.

(ii) The forecast kinetic energy (wind fields),
with 6 hours initialized fields as input varia-
bles, improves considerably as the total
kinetic energy does not exceed by more than
259 of the actual.

(iii) The kinetic energy of the actual and the
forecast (which started with 18 hours ini-
tialized meteorological variables as input
data) fields, are very close over the entire
spectrum of waves and the total kinetic
energy does not differ by more than 107
of the actual. However, in this case, the
total kinetic energy of the forecast variables
is less than that of the actual fields. The
discrepancy is found to be comparatively
larger in synoptic and short wave spectrum.
This may be due to the fact that during 18
hours initialization, the amplitudes of synop-
tic and short waves are considerably re-
duced (Table 1).

From these results, it may be inferred, that any
imbalance in the initial fields deteriorates the accuracy
of the forecast fields, and in particular the synoptic
and short waves are unrealistically amplified.

5.3 Smoothing and filtering of high frequency waves

Numerical weather prediction, using finite dif-
ference integration schemes, leads to amplification of
high frequency waves in the final product, mainly due
to numerical errors and computational instabilities.
This serious growth of very short waves may not lead
to a catastrophic instability of the model, like that
caused by non-initialized input data (as discussed in
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TABLE 4

t rtral d: sition of KE of initial wind field (6 Nov' 73), actual wind_ field (7 Nov' 73), and forecast wind field with
e different filters (After 18 hr of initialization)

24 hours forecast from 18 hr initialization
Sy P ——

P — .ﬁ
avi Initial Without With filter 1 With Actual
W e 6 Nov 73 filter . : A , \ filter 2 7 Nov' 73
B=.11 8=0.07 B=0.04 B=0.07 a—0.3
T=4/A1 T=4At T=4At T'= At B=0.07
T=4 /)1
m=0(Zonal_ku) 34.5 30.7 29.6 30.6 30.9 28.8 30.5 30.8
m=1, 2 (Long waves) L3400 km 6.9 5.3 5.0 5.0 5.1 4.9 4.8 7.3
m=3, 6 (Synoptic scale) L= 1100 km 0.5 0.5 0.3 0.4 0.5 0.3 0.4 1.4
<3400 km
m=7, 15 (Short waves) L>420 kr 0.2 0.3 0.1 0.1 0.1 0.1 0.1 0.6
<1100 km
m=0, 15 (Total k) 42,1 36.8 35.0 36.1 36.6 3.1 35.8 40.1
ko 0.82 0.83 0.85 0.85 0.85 0.85 0.85 0.77
Total k.
Section 5.2): however, the amplification may exceed the actual forecast and the first guess. The response
the physical reality and obscure the forecast variables. functions of the two filters for a sinusoidal function
Therefore, it is desirable to elimirate such high fre- et are respectively
aency components by using some sort of filtering or L ‘
gmootblr]ing operators. A number of smoothing opera- Ra=1—1682 sin* (= A\ y/L) (14)
tors are developed by various authors (Shuman 1957, .
Shapiro 1970). In this work, we haveAdenmnslrateq Rp=1—ap? [_20%2005 ((m Ar) L
the role of space smoothing operators to suppress i :
computational high frequency two grid length wave ‘
generated in the process of finite difference integration 430 cos (27: L_‘) —12 cos [4m LY (15)
of the prediction model (Egns. 1-3). 7 ¥
Following two filters are used as space smoothing Fi_ve numerical experiments have been carried
opesators in our experiments : out with these two filters for different values of the
e filter parameters as described in Table 4. These ex-
(@) Filter A ) periments are designed to find out the best possible
Smoothing process filter, that is, to select a single filter with appropriate
X#=(1—2B) Xi+B (Xi_1--Xity) values of the empirical filter parameters and the periodi-
) city of the _appl‘wau‘on of smoothing and de-smoothing
De-smoothing process process durmg time integration of the forecasring model,
Xi#*= (14-2B) Xi*—B (X% +X*% ) (12) =
. ' From Table 4, it is seen that filter ‘A’ with B— 07
(i) Filter B and .04 and filter B with a= 3, B=.07, used after
Smoothirg process every four steps of time integration, have a property
*o=(1—20a) Xi-ta (Xi 1+ Xiri) of selective smoothing of short and synoptic wave
X"o - i : 8l = i1 spectrums, without any significant change of the large
X =Xi—X; _ N scale processes (the change in the amplitude of zonal
X2 =(1—2B) Xi* LB (X:°_1+X:°+1) speclrumn of klnerlc.enqrgy by use of filter does not
De-smoothing process exceed 1°%). The'sultabﬂn){ of these two filters is also
. (sit_xf;;porled by their theoretical response functions to
2 o % of ulterent waves (Fig. 8). Further, asthe filter ‘A
Xo**=(1-+28) Xi**—B (Xoa1+Xit1) (13) in its realization on co T A

i O g e
Xi#* =X% + X%

where, « and B8 are the filter parameters, (') the
number of grid point in the rows or the columns of the
grid array and the indices **’and “*** refer to smoothed
and de-smoothed meteorological variables. In case of
filter A, the smoothing and de-smoothing operators
are used directly to the forecast meteorological varia-
bles like the treatment of Shuman (1957), whereas in
case of filter B, as a first guess, the smoothing and de-
smoothing operators are applied to the difference of

_ mputer, takes about h

time taken by filter B, in our study we hav:'fs‘e?gcttgg
filter A with B=.07 and T=4 /1, as the desired filter
for the numerical forecasting model. The comparison
of the forecast geopotential field ( Fig. 7), with the actual
field (Fig. 5) and the forecast field without filter (Fig, 6)
clearly demonstrate the need of the filter in the process’
of prediction, which retains all the broad features and
smoothes out only very short waves. The evaluation
parameters of Table 2, quantitatively confirm the above
lindings, that the use of filter in forccasting model

improves the quality of the forecast, ;




REALIZATION OF PRIMITIVE EQUATIONS F/C MODEL 133

40"
N
39
W
5
20
5t
10}
$|
60" 10 8d o’ odf no'
Fig. 5. The actual geopotential field (dkm) for 7 Nov’ 73
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Fig. 7. 24 hours forecast geopotential (dkm) with smooth-
ing (Filter 1) obtained from 18 hours of initialized
field of 6 Nov 1973

6. Forecasting the movement of tropical cyclones/monsoon
depression in the Bay of Bengal

Finally after the complete development of tne
barotropic PE model (Eqns. 1-3) for tropics, as an
outcome of various numerical experiments, conducted
to study initial data problem in the tropics, an attempt
is made to find out the applicability of this simple one
level primitive equation model in forecasting the move-
ment of tropical cyclones and monsoon depressions.
For this purpose, three typical cases of post-monsoon
cyclonic storms and a monsoon depression in the Bay
of Bengal were considered. FGGE level IlIb data
was utilized for the case of monsoon depression. To
forecast the movement of the storm/depression, the
total meteorological fields representing the complete
synoptic situation, were integrated in time, by time
integrating the model (Eqns. 1-3), allowing thereby
free interaction between the vortex and its surrounding
external influencing fields. The forecast fields were
manually analysed to fix the new centre of the storm
to be taken as the forecast position. The quantitative
measure of vector difference (8R) between the forecast
position and the actual position was found by evaluating

8R=/(3x)2}(8y)?, where 8x and 8y arethe errors of
displacement between the forecast position and the

=08
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Fig. 6. 24 hours forecast geopotential (dkm) without smoothing

obtained from 18 hours of initialized ficld of 6 Nov 1973

TABLE 5

Results of vector error (3R in km) of the forecast of movement of
cyclone and monsoon depression in the Bay of Bengal

Date 24-hr 48-hr
6 Nov'73 0 170
25 Nov'74 120 250
26 Nov'74 190 480
Mean 103 300
6 Jul'79 130 383

actual position along x-axis and y-axis respectively.
Fig. 9 gives the actual and the predicted tracks of the
monsoon depression.

The results of 24 hours and 48 hours forecasis are
illustrated in Table 5. It is found that for the tropical
storms, mean vector difference 8R for 24 hours and 48
hours forecasts are 103 and 300 km respectively. For
the monsoon depression, these values are 130 and 383
km respectively (Fig. 9). Considering the complexity
of the problem from both the physical and the mathe-
matical considerations, and also due to the inaccuracy
in the determination of the initial and final position of
the centre of the cyclone from the analysis of geopoten-
tial fields in the numerical experiments, the results
seem to be quite reasonable (Sikka 1975, Singh and
Saha 1976).

7. Conclusion

From the results of a number of numerical ex-
periments with the barotropic PE model for the low
latitudes, we may arrive at the following significant
conclusions :

(i) In the low latitudes, the geopotential field
can be derived from the observed wind fields with a
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Fig. 8. Theoretical response function to different waves of :
B= .07, T=4 At (b) Filter B for a=.3, f=-.07.

considerable accuracy. Further, the observed wind
fields seem to be a quite reasonable representation of
the input data for a PE model.

(7i) Static initialization of the mass and the velo-
city field is not quite sufficient to suppress the spurious
growth of high frequency inertia-gravity waves. in
the process of time integration of PE model and thus
the dynamic initialization of these meteorological
variables is desirable.

(iii) The dynamic initialization exhibits the pro-
perty of selective smoothing of high frequency wave
spectrum. Further, the dynamic initialization does
not change the broad features of the large scale proce-
sses and the centres of atmospheric vorticies (cyclones
and anticyclones).

(iv) The dynamic initialization not only makes
the model stable for a lopg time integration but also
substantially improves the quality of forecast.

(v) Though dynamic initialization suppresses the
high frequency modes, a space filter is of immense
use to suppress the two grid wave to obtain a realistic
forecast of the meteorological fields.
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