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ABSTRACT. A number of numerical experiments on dynamical initialization of geopotential

and wind fields in the lower latitudes are carried out within the framework of a rzgional barotropic

primitive equation (P.E.) model. In the earlier works of Kivganov and Mohanty (1979) an optimal
procedure of dynamical initialization with consideration of an initial-value and boundary-value problem

of a P.E. model in the lower latitudes is stated. In this paper with use of this initialization procedure
and velocity field as input data some of the important properties of the dynamical initialization in
<he lower latitudes and the effectiveness of the integration of a P.E. model with the use of balanced

data are demonstrated.

1. Introduction

Primitive equation (P.E.) numerical weather
prediction model is very much sensitive to the
initial data and boundary conditions. Hence, a
P. E. model requires an improvement of the qua-
lity of the data, their mutual balance at initial
time and mathematically corrected boundary con-
ditions. Any imbalance between the mass and
velocity fields leads to the generation of high-
frequency fictitious gravity-inertia waves, if time
integrations are attempted with a P. E. model.
The mathematical and physical approaches taken
in a general balanced initialization of geopotential
and wind fields within the framework of dia-

during 17-18 March 1979.

gnostic filtered equations (quasi-geostrophic,
quasi-solenoidal or balance equations) give in-
exact conditions of balance when applied to the
primitive equations. On the other hand, properly
balanced and free from high-frequency meteoro-
logical noise initial data can increase to a great
extent computational stability of the model with
increase of forecasting period and thus improve
the quality of forecasting,

The sources of imbalance are not only the
quality of data but also the boundary conditions
and finite-difference scheme used in a regional
model for its integration and the truncation errer
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consistency between the initialization equations
and forecast equations. These factors lead to the
necessity of an initialization procedure where the
primitive forecast equations are used directly
with iis all physical and mathematical limitations
for the purpose of attaining mutual adjustments
between mass and velocity fields. Such an iniiiali-
zation procedure is known as “Dynamical
initialization” which was proposed by Miyakoda
and Moyer (1968) and improved by Nifta and
Hovermale (1969).

As one of the important problems in numeri-
cal weather prediction is the initialization of the
dependent variables used in a P. E. madel as in-
put, this procedure got wide use and modifications
(Temperation 1973, Haltiner and Mc Collough
1975, Fedorova and Fuks-Ravinovich 1972,
Spektorman and Fuksh-Ravinovich 1978). How-
ever, most of these works were conducted for
middle and higher Iatitudes where gocpotential
and geostrophic wind were used as input data,
But in the lower latitudes use of wind ficld as
initial data and derivation of geopotential from
wind field in the P. F'. model was proposed by
Houghton and Washington 1969 [The use of
wind field as input in an operational P. E. modcl
involves various difficulties (objective analyscs,
derivation of geopotential ficld from wind field,
initializatin etc)]. In this work a scries of
numerical experiments with wind field as initial
data were carried out to find out somc of the
important characteristics of the dynamcal initia-
lization of mass and velocity ficlds in the lower
latitudes and the role of such balanced dependent
variables in a simple forecasting model.

2. Description of the model

All the experiments were carried out within the
framework of a regional barotropic P. E. model.
The rectangular domain of integration was ex-
tending from 3 deg. N to 40 deg. N and from
60 deg. E to 120 deg. E with grid length cqual
to 210 km.

The basic equations of the model in the matrix
form are :
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u,p— the zonal and meridional components
of wind in cartersian coordinates (x, y),
where x and y increased to the east and
north respectively;

¢ — geopotential;
{ — Coriolis parameter.

Finite —difference approximations of the right
hand side terms of the system (1) were
carried out with Shuman’s semi-mo-
meatum form (Shuman and Stackpole
1969).

3. Initial data

For this model we used vertically averaged
wind fields at 850, 700, 500, 200 and 200 mb.
The geopoteniial field was derived from the wind
ficld by caleulating stream function and later by
reverse balance equation, It was found in an
carlier work of Kivganov and Mohanty (1979 a)
that the maximum differcnce  between derived
geopotential and observed averaged geopotential
at 850, 700, 500, 300 and 200 mb remained
w.thin 3 gpm in the cenfre of tropical cyclones
and mean dilference always less than 1 gpm.

4. Boondary conditions

In an earlier work, Kivganov and Mohanty
(see Ref.) studied the influence of various boun-
dary conditions on the depedent meteorological
variables during the initialization procedure and
it was found out that for such a rectangular do-
main suitable boundary conditions are :

At northern and southern walls (half-way bei-
ween inner and outer grid points) :

@ + @V v | gt = 0 (2)
o= 0 (3)
!ﬁy -!- Py = 0 (4)

At the castern and western walls :
Zi'r_l = 7-1" M—1 5 Zl'sﬁf - Zl"- ) i= l! 2.. --N(S)

Where M and N -numbhers of grid points along
x and y axes respectively. Boundary condition
(3) ensures no flow through the northern and
southern walls at any point and condition (4)
ensures the geostrophic flow along the walls. Con-
dition (3) stands for periodically cyclic conditions
at eastern and western boundaries.

5. Method of initialization

It was experimentally found out (Kivganov and
Mohanty 1979 h) that in the lower latitudes with
wind ficld as initial input the effective method of
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Fig. 1. Change of | u/ in every step of ‘Pseudo forecasting’

initialization is a four step scheme of Matsuno.
This method consists of a forward forecasting,
followed by a backward forecasting which is cal-
led as “Pseudo forecasting”. For both forward
and backward forecasting of the system (Eqn. 1)
used the well-known two step ‘Euler-backward’
method which has the properties to stimulate the
computational viscous effect of damping high-fre-
quency waves (Nitta and Hovermale 1969).

The four steps of “Pseudo-forecasting” are :
Forward forecast :

Z4yi1 = 2Z% + ALF(Z%)

ZV 41 =2Z% + ALF (Z% 1) Q)
Backward forecast :

Z* = Z%1 — AL F(Z%n41)

Z P = Zv, . —AL F(Z*%,)

where Z*, and Z*, ;) —intermediate values of Z
at the time steps n &
n--1 respectively;
At — time interval;
v — number of iterations
(number of cycles of
Pseudo-forecasting).

This scheme was first used by Nitta and Hover-
male (1969) for dynamical initialization which
obtained wide use in later works.

In this procedure after each complete cycle of
interation :

ZVH = RZV U]
where, R— amplification rate.

It is easy to find out that
R=1—o At® - afAsd
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Fig. 2. Change of /4/ in every step of ‘Pseudo-forecasting’

where, @ — angular frequency.

Thus for a given value of At which satisfies the
computational stability condition, waves of
o At<1 are reduced in amplitude.

It was found (Kivganov and Mohanty — (see
Ref)) that the process of mutual adjustment of
observed velocity and derived geopotential fields
in a “Pseudo-forecasting” (Eqn. 6) filtered out
fictitious high-frequency gravity waves faster
than the process of forced adjustment of one field
(wind or geopotential) to the other.

6. Some characteristics of dynamicul initialization

In order to study the role of the simulated compu-
tational viscosity generated during “Pseudo-fore-
casting” by *“Euler-backward” method, we have
calculated :

N—-1 M-1

|- amm=s >, > g ®

=i J=
at the end of each step of the iteration cycles.

The values [@/ and /§/ are demonstrated
in the Figs. 1 and 2. These figures are showing
the change of [&/ and [&/ in the process of
initialization. As it is evident from Figs. 1 and
2, during the first 2 to 3 hours of initialization
damping of the amplitude of the fictitious high-
frequency waves in the atmosphere is more in-
tensive and after damping oscillation is negligible,
This phenomenon is comparable with the cha-
racteristic period of adaptation of mass and velo-
city fields in the atmosphere. It is also found
out that the mass and velocity field suffered from
damping oscillation with a phase 90 deg., which
explained the process of mutual adjustment of
both the fields in the process of initialization.

Dynamical initialization has the properties
of selective filtration of only fictitious high-fre-
quency gravity waves without altering the mode
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Fig. 3, Change of Q and D in the process of dynamical

initialization,

(1) /2w, (2) [Q/s (3) /D/mand (4) /D]

of the atmospheric motion responsible for synop-
tic and large-scale phenomenon. To illustrate
this characteristics two experiments were carried
out.

First experiment consisted of calculation of
absolute maximum value of divergence /D], abso-
lute mean divergence /p/, absolute maximum

vorticity/Q/,, and absolute mean vorticity/Q/
of the velocity field at the end of each cycle of
“Pseudo-forecasting”. The results are demons-
trated in the Fig. 3. In the process of initializa-
tion /p/ and /D/,, suffered a damping in a way
similar to /u/ and /§/. The damping is very
intensive during the first 2-3 hours initialization
and after 8-10 hours period the values of /D/,
and /p/ are almost constant. But the values of
|2/, and /Q/ remained almost constant during
entire period of initialization. These facts sp-
ported the basic concepts of dynamical initaliza-
tion that the divergence component of the velo-
city which is responsible for generation of gravity
waves damped out substantially during the process
of initialization, where as the velocity field which
characterised the synoptical and large-scale fea-
tures of the atmosphere remain unchanged.

Second experiment consisted of the calculation
of the complex Fourier series (Cooley and Tukey
1965) of the u and v components of the velocity
field. From the amplitudes of Fourier series
spectral distribution of kinetic energy (K.E.)
was calculated for the initial wind field and the
wind field after 18 hours (108 cycles) of intializa-

tion. It was found that percentage change of K.E.
during initialization in the zonal component of
atmospheric spectrum did not exceed 1 per cent;
it was less than 10 per cent in large-scale waves
and less than 25 per cent in synoptic scale waves
whereas in the short wave length spectrum was
more than 50 per cent. This result once again
confirmed the fact that during initialization pro-
cess short-wave length mode of atmospheric
motion suffered damping whereas large scale
motion practically remained unchanged.

Finally, in order to study the effect of initiali-
zed fields compared to the initial fields we have
carried out forecasting with use of the system (1)
for a period of 24 hours. First, time step of
integration was that of “Euler-backward” and
the subsequent time steps by Adam’s method :

) . [3 (3% 1 2%
Au v e Au l [E)‘ (jfi).n. 7 :E laﬁ )‘ﬂ 1 ]A! !
+D (Aﬂ’) )

At each time step we have calculated [Z,/ . In
the Fig. 4 values of [y/ are illustrated. Three
experiments were conducted with (i) initial fields
(without initialization), (/i) dependent variables
with 6 hours (36 cycles) initialization and (iii) input
data with 18 hours (108 cycles) initiliazation. As
the P.E. model is a barotropic model which is
isolated from external sources of energy the values
/Z:/ should be more or less stable and constang
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Fig. 4. Change of [;; /in the process of :

(1) Forecasting without initialization;
(2) Forecasting with 6 hrs “Pseudo-Forecasting™;

(3) Forecasting with 18 hrs “Pseudo-forecasting

(4) Dynamical initialiazation,

during a 24 hours forecasting period. But as it is
evident from Fig. 4 during a first 6 hours period
the forecast with initial fields showed a clear sign
of unstable rapid increase of [,/ which is a sign
of computational unstability. The fields with
6 hours initialization also showed some unusual
changes of /@;/ where as fields with 18 hours
initialization remained almost constant during
entire 24 hours forecasting period.

These results explained the facts that during
the first few hours of forecasting, due to the
existence of imbalance between depedent varia-
bles fictitious high-frequency gravity-intertia
waves were generated and after the period of
adaptation the value of / Z; / remained more or
less stable. In case of a properly balanced input
data (18 hours initialization fields) such type of
phenomenon did not occur. The quantitative
evaluation of the forecast merteorological fields
also indicated similar type of unrealistic values in
case of initial data without dynamical initialization.

7. Summary and conclusions

On the basis of the above stated numerical
experiments, we can make the following conclud-
ing remarks:

(1) Dynamical initialization has the property
of selective filtration of only fictitious
high-frequency gravity waves without

affecting the large scale

phenomenon.

atmospheric

It was found out that maximum change
of geopotential field after initialization
from the observed values did not exceed
1 to 2 gpm. Initialization process made
the mass and velocity fields somehow
smoother compared to the observed
fields as in the case of geopotential field,
there were increase of geopotential
values by 1 to 2 gpm in the region of
cyclones and decrease of geopotential by
almost same value in the region of anti-
cyclones.

For integration of a P.E. model with
wind field as input data, dynamical
initialization process is highly essential
as without dynamical initialization it is
quite impracticable to integrate a P.E.
model due to generation of fictitious high-
frequency gravity waves.  Moreover,
the wind field is not homogeneous as the
geopotential and each of the terms Ju/dx
and 9v/Jy are of the order of 10—5 where
as divergence (D = u/dx-Jv/Jy) is of the
order of 1078, so calculation of diver-
gence field from the observed wind field
for a P. E. model contains substantial
errors. Therefore, before start of the
forecasting, it is required to damp out
the fictitious amplitude of divergence
and to bring it to a resonable low level.
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