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FORECAS’HNG T}ETBACKS -OF MONSOON DMONS BY
NON-DIVE!GENT BAROTROPIC MODEL®

7, SHUKLA
Institute of i”rayical Metearolagy, Poom-s Indi#

- A non-divergent bar ¢ modal, for wlnch the i consists of stream function
derived from the ohsorvedosﬁ, is uaod for n&lw patterhs over Indian region.
Following the nsual methodology of ¢ total flow * method of predicting th&hurricane-track.
stream function minimum is recognized as the centre of the monsoen-depression and its
tragecto; is found from the foreeast stream function fleld available at successive time
steps. h?ut stream fynction setains the steering field as well as the vortex field and,

therefore, the interactions. arqamoumed for.

~ _The recults of verification for two. monsoon depressions, comistws of several map-
times is presanted.

IN'I‘RODUC'I‘[ON

IN an earlier paper by Shukla and Saha (1970), the fea.sxblhty of forecastin; Mg the ﬂow
‘patterns over Indian region using observed wind as input was establis

extension of this work in‘this paper, the resuits of forecasting the movemcnt of
Momoon-Deptesslom using the same ‘model have been presented.

The author wishes to thank Dr. K. R, Saha and Shn D. R. Sikka of the Instltute
.of Tro tfxml Meteorology, Poona, for the benefit of various useful discussions which
the author had with them in the course of this.study. The programmes were run on
CDC 3600 available at Tata Inautute of Fundamental Research.

" The methodology which ha.s been so far adopted for the dynamical prediction
of the movements of hurricanes and typhoona using the barotropic model may be
broadly classified in the following two groups : '

. Steering flow method or Trajeotory method
2 Total flow method. - - -

In steerin flow method thpqwlomc vortefxis ranowdfromthn total pattern .
and only the resldual field i 1s integrated. Based on the svolution of the regidual '
flow, trajectory calculation is made to track the centre of the cyclonic system. The
greatest limitation of this method is its inability to account for the interaction bet-

“ween the vortex and the general stecring fleld, which may be an important factor in_
govornms the direction of the movmcnt of tf:e vortex.
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768 J. SHUKLA -
In total flow method, vortex is not removed from the initial observed field and

* the evolution of total flow is obtained to-track the centre of the vostex. In the
present study total flow method has been adopted to forecast the movement of -
Monsoon depressions. Since the hurricanes and typhoons are very intense systems,
one is faced with the problem of large truacation errors in the vicinity of the centre
of the sysiem, in total flaw method: This difficulty, however, does not arise in the
case of monsoon-depressions especially at 500 mb level. ~ The level at which the fiow

_ is predicted is 500 mb. The choice of this level is on the folowing grounds:

(i) At iower-lévcls-,- the 'genéral field is vcry much disturbed by the vortex
field and is almost dominated by the latter. S

(ii) Since the area of integration includes’ the Himalayan mountains, inte-
gration at any lower lével necessiates the stipulation of very artificial boundary
~ conditions at the interface between that jisobaﬁclevel and the mountains. '

In the total flow method, although the method of finding the evolutien of the
total field is objective and based on a %{?amical model, the method of recognising
the centre of the vortex is subjective. is subjectivittyhci mainly due to coatse grid
network used for numerical computations. Since, thie forecast fields of stream--
function and vorticity are available at every time step, it is a matter of choice whether
the minimum stream-function or maximum positive vorticity should be recognised as -
the centre of the vortex. In the present study the centre of the depression is recog-

nised as the centre of the associated stream function mipima.

THE. DYNAMICAL MODEL

The dynamical model used in the present study is the barotropac vorticity predic-
tion equation. The governing equation is given as: . '

o ( %‘)guvﬁ:f A

where ¥ is the stream function and f'is the coriélis parameter, The time integration
is carried out with one hour as the time step using forward differencing scheme at the
first time step and the centred time differencing scheme at the subsequent'time steps.
The finito difference expressions for Laplacian and Jacobian have been given in the
carlier paper by Shukla and Saha (19?0;. - o '
Bouﬁdary conditions for %}; and % (o™):

% is assumed to be ‘iero_ at the boundary for the entire period of integration,
Following the purely heuristic arguments’ put forward by Charney, Fjortoft and

Neuman (1950), 2 (¢} is assumed to be zero at theinflo® points of the intagras

tion domain and s linearly extrapolated at the boundary from inside, at the outflow
points of the domain, - T o
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Smoothing and Piliering : o . S : _
In order to suppress the short waves which ma{apgea.rm the course of intés
-gauon a 9-point smoothing operator as suggested by Shuman (1957) was used,

he formule used for smoothing is given as :
S 6 2 5
: ¥ = ¥ + 0.5v (l—""): (*1 + ¥ +‘h + Yo—dto) gl : 4—--—-d-f-'+ .
. + 025 (‘h+ ¥+ V1 + ¥ ""'4\%) o
3 4

“where v is the smoothing eloment andhas been taken to be 0.5 in ths prevent case.

© It may be incidentally remarked that although the smoothing operation per-
formed in order to suppress the spurious high frequency waves which are generated
due to the inherent limitattons of the numerical treatment, in the process of
smoothing, it réduces the amplitude of the main meteorclogical modes also. It is
therefore necessary to make a judicious choice before applying the smoothing
'operator. . _ . . . R ) .

Method of solution : . -

The govemimuaﬁon is numerically solved for evaluating the tendency at
each time step. lerated Liebmann tion technique is adopted using 0.7
as the value of over relaxation coefficient. For relaxation at any time step, the values
of tendency at the previous time step are used as the first guess,

PREPARATION OF DATA

In the present study, 24 and 48-hour forecast have been propared using the input
data for a series of 10 successive days in the month of July 1963. From the hand
analysed streamline isotach charts for 500 mb level the values of wind direction and -

rind speed are picked up at latitude longitude intersections of 2.5° interval for the
area bounded between the latitudes 2.5° N and 40.0°N and longitudes 50.0°E and
100.0°E. The computational network therefore, consists of 21 X 16 grid points.

From the observed winds, vorticity is calculated by fnite difference method.

| | E=4% "oy o
Knowing the values of vorticity at all the interior points, relaxation is performed
to solve the posson equation : S o :

-jn- order 1o get the value of v under suitable boundary conditiona. Such boundary
cmﬂlti’onw‘:tnu’sxdmd to be suitable for this purpose which magimizes the kinetic
ariergy in the reconstructed wind. . B '
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The stream function which is thus calculated from the observed winds is fed as
the input to the barotropic model. _ ) -

. FORECAST RESULTS

48-hour forecasts have been propared for one series of ten successive days (1-10
July 1963) dnd another series .ofp four days (15-18 June 1966). Except in one case
on 9 July 1963, Vortex could be recognised in the stream function field upto
48 hours. ~ From the available values of forecast stream function at the grid points,
the point of minimum stream-function is -subjectively interpolated. Tables | and
2 give the forecast and observed positions of the centre of the depression for
Series I and II respectively. The average value of the error for 24 and 48-hour

TaBLE 1. Forecast and observed positions of the cenire of the Depression (I)

@4-hr. forecast 48-hr.forecast =~ Observed - . Emorfor . Error for
Date position “position position .  24-hr, fore- 48-hr. fore-
. R cast (Km) . cast (Km)

- 1=7-63 -— — 15.0°N, 86.5°E —_ _
2.7-63 16°N, 85°E —_ 15.5°N, 85.0°E 50 -

- 3763 17.5°N, 85°E . 16.0°N, §3.5°E~ ' 18.0°N, 87.0°E 206 403 . .
4.763 18.0°N, 88.5°E 19.0°N, 83.0°E 18.5°N, 87.5°E - 112 288
5-7-63° 19.5°N,B87.5°B ' 18.5°N, 83.5°E 20.0°M,850°E - 258 475
6.7-63 20.5°N, 83.0°E 20.5°N, 87.0°E 20.0°N, 83.0°E - © S0 403
7-7-63 ' 20.5°N, 32.5°E 2LO°N,81.0°E = 20.5°N,82.5°F ) 153
" B.7-63 2L0°N, B3 0°E 21.0°N,81.5°E 21.0°N, 82.5°E 50 160
9—7‘63 22.5°N| 82.5°B 22-0°Ns 84.-005 . N 22-0°N| 31.5°E . 112 250
10-7-63 23.0°N, 81.5°E o —_— 26.0°N, 82.5°E 316 -
Mean - —_ — 128 292

TABLE 2, Forecast and observed positions of the centre of the Depression (11)

24-hr. forecast

1

{ 48-hr. forecast Observed  Vector error  Vector error
Date position position position for 24-hr. for 48-hy.
: - forecast forecast .
15666 -, - ©TO 185N, 91.0°E - -
16.6-66  20.5°N, 90.0°E — " 22.0°N, %0.0°E 150 —_
17-6-66  23.0°N,89.5°E  20.5°N,92.0°E = 24.0°N, 91.0°E 180 - k14
18.8-66  25.0°N, 91.0°E 25.0°N, 91.5°E 24.5°N, 91.5°E 0 30
Mean — e - 140 205 -
forecasts is 152 Km and 324

respectively for Series I1.

Km respectively for Series I ard 140 Km and 205 K
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' Comunmo REMARKS

The major problems in the cal prediction of the movement of the. de-
pressions and cyclones aro the- ellmg approximations in the saming equation,
numerical tfuncations and the paucity of the observations near the centre of the
disturbance. The choice of the governing equation is the most-serious problem
‘besguse of the mutual interaction between three distinctl different scales ie.,
‘eiimulus scale, cyclone scale and {arge scale (or steering scale§ which is taking place
.slmultaneously It is, however, interesting to note that so far the success achieved
with the use of barotropic model is more than that of harocl:mc models, :

In addition to the above. problmns, the ﬁroblem of the deﬁmliqn of the vortex
and its separation from the total cbserved poses additional problems in the inte-
gration. In order to circumvent this problem total field has been integrated in the
E:tsent case. The results in the present case seem to be encouraging and they may

further improved by reducing the grid-length for the whole area or at least in

the region of the vortex. The present case studies, although small in number, esta-
blish the justification for using barotropic model to forecast the toacks of the mon-
soon depressions and therefore do not support the view expressed by Rao and
Rajamani (1968) that barotropic model can nat be used to forecast the movement of
mensoon sions, It may be noted howem. that this conclusion was arrived
at by Rao and Rajamani on the basis of computations for only one day. it is,
however, suggested that more trials should be made with more refined atmospheric
models which may predlct the apoed a8 woll as meleratlon of the: momoon-depres—
s:ons
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