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An experiment in forecasting with diabatic baroclinic
model over India and neighbourhood

ABSTRACT. This paper contains the results of ex‘]:e
©

neighbourhood at 850, 700, 500 and 300-mb levels with
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Northern Hemisphere Analysis Centre, New Delhi

riments in forecasting the flow patterns over India and
help of a four-layer quasi-geostrophic diabatic model.

The effects of the ground contour, latent heat of condensation and radiation have been taken into account for com-
putation of the vertical velocity w. To bring out the salient features of the model in this paper, we present the

results of a case study.

1, Introduction

The Northern Hemisphere Analysis Centre at
New Delhi, India, prepares on a regular basis,
prognostic charts valid for the next 24 hr, using
conventional methods. Computerised prognostic
charts are also being prepared there regularly.
This was originally being prepared with a non-
divergent barotropic model (Datta et al. 1969)
and was later changed to a divergent barotropic
model (Mukerji and Datta 1971). Although the
results obtained from the barotropic models are
fairly useful, there are obvious limits to their per-
formance. Apart from theoretical limitations, the
main practical difficulties are, firstly it does not
show developments of weather systems, and
secondly, the forecast is confined to only 500-mb
lavel. Since both these drawbacks are inherent in
any barotropic model it was decided to develop
a multilayer baroclinic model.

The first multilayer model to be tried for fore-
casting was an adiabatic 4-layer model (Mukerji
and Datta 1972). Apart from neglecting the
diabatic effects, other simplifications which were
incorporated into this model were :

(#) Effect of ground contour was not taken into
account,

(#%) The vertical velocity at 1000 and 200 mb
level were assumed to be zero, and

(#i7) Effect of radiation was considered to be
negligible. The input data and forecast
for this model were contour heights of
900, 700, 500 and 300-mb levels. The w
values were computed at 800, 600 and
400-mb levels every hour.

The present model is an improvement of the
adiabatic model, wherein, all the effects neglected
previoualy, have been incorporated. This is
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necessary, since most of the time the model is
required to undertake prognosis of fields which
include cyclonic storms over sea as well as dis-
turhances over hilly terrain, and clearly the sim-
plified model developed earlier is incapable of
handling the same.

2. The basic equations

The equations of baroclinic flow can be wri-
tten as,
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and dQ/d: is the non-adiabatic rate of heating per
unit time per unit mass.
A list of the symbols is given in Appendix I.

From these two equations is derived the quasi-
geostrophic w equation by eliminating the time
dependent term, using geostrophic relation. This
is given by
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This eqation being lin ear in w can be solved in
two part which are
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The final value of vertical velocity is given by

@ = w,; + w, (2.6)

Once  is obtained, it is substituted into Eq-
(2.1) and the tendencies of contours at grid
points are obtained, A time step of 1 hr is used
to obtain the forecast values of the contours.
The whole process is repeated 24 times to
arrive at the final forecast for 24 hr.

3. Inclusion of the effect of latent heat of condensation

d@/dt in the equations of the previous section
is produced by latent heat of condensation,
sonsible heat, radiation etc. Thus we can write
dQ/dt = dQ/dt + dQs/dt + dQg/dt. Eq. (2.5)
being linear, it can be split up for each of
the contributing terms above and solved se-
parately for vertical velocity. In this section we
will discuss first two terms and the effect of ra-
diation is discussed separately in Section 4. The
vertical velocity is now given by w,= wj + wg
and w = w; + wy, + wg.

The parameterisation of d@,/d¢t has been made
as suggested by Gambo (1963). Thus

d@ddt:-—LdVgAT/dt=-—w L F* (3.1)

F* is the condensation rate and is a function
of T' and z only. In Eq. (3.1) » appears explicitly,
which is yet to be computed. As such w, which
is obtained by solution of Eq. (2.4) is used as
a first approximation for w. Alternately since
wg can be computed independently o’ = w, + wg
can be used as a first approximation for w and in
the present study this procedure has been followed.
Thus the equation for obtaining wj is given by

for ey - L11R :
Viep + —°§' 2~ T oP V2 (—w' L F*¥)
(3.2)

Saito (1969) has given approximate values of the
term LRF*/c,P for different pressure levols and
different ranges of temperatures. These have been
utilised in solution of Kq. (3.2)and are reproduced
in Appendix II. It will be seen from these ex-
pressions that, values of LRF*/cyP can only be

computed if the temperatures 7'at the grid pointss
at different pressure levels are available. For this
study T values at 400, 600 and 200-mb levels
have heen computed from the geopotential values
at 309, 500, 700 and 900-mb levels by hydrostatic
relationship. Thus every hour a new set of values of
T is computed.

4. Inclusion of radiation effect

The heat that is produced due to release of latent
heat of condensation keeps on adding to the
system. After the process of prognostication has
advanced by a few hours, the total heat builds up
to such an extent as to vitiate the whole solution.
It is assumed that this heat gets radiated out and
is distributed equally in the area of integration.
Thus, following a simple method of compensating
for radiation effect is adopted. The total average
of heat generated at all the grid points is computed
and the average of the same is subtragted from
every grid point after integration for each hour.
This will in turn modify the vertical velocity.,

5. Inclusion of sensible heat

Parameterisation of sensible heat was done as
per Spar (1962). Thus,

.
B AM(Ts—12) () @

dQs/d¢ gives the rate of heating per unit time and
unit mass, at the pressure level P. P* is surface
pressure and T'g and T, are temperatures of the
surface water and surface air. The constants are
4=1.0 X10=* m/sec/deg and y=2 (Manabe
1958). ¥ gives the surface wind speed.

Since T, T, and ¥V are all unknown over the
sea area, some arbitrary values are to be used in
computations. Alternately, help may be taken of
the fow ship reports which are available from the
Bay of Bengal and Arabian Sea areas. Since
the latter process is indefinite, average values
were used for the caleulations. However, it
was observed that with the average values, the
effect on vertical velocity w due to sensible heat
exchanges is very little. As such, inthe final
analysis, the effect of sensible heat was left out,

6. Construetion of the grid

Horizontal grid — The horizontal grid has a
grid length of 381 km in both x- and y- directions
true at Lat. 224°N. The numbers of grid points
are 31 in the abscissa and 16 in the ordinate,
making a total of 496. The area of computation
and the area for which the final forecast is valid,
are shown in Fig. 1. A mercator projection
chart is used with a scale of 1:20%108 true at
Lat. 22}°N.
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Fig. 1. Horizontal grid

Vertical grid —In the vertical, the area of com-
putation is bounded by the ground surface at the
hottom and the 200-mh level at the top.
The different layers fer which input data of con-
tour heights are fed are 300, 500, 700 and 900 mb.
The value of the grid distance in the vertical
thus becomes 200 mb. The input values of
parameters required and the forecast values of
the same, together with other details of the verti-
cal grid are shown in Fig. 2.

7, Boundary conditions, other constraints and constants

In order to solve the equations mentioned in
Sections 2 and 3 by numerical relaxation methods,
it is necessary to prescribe certain houndary con-
ditions. For this study these houndary con-
dition are as follows :

Vertical velocity w at 1000 mb — This is com-
puted from the geopotential values and 900 mb
and the grid point values of ground contour.
The method used is given by the equation

w1000 = V1" V Prurfaco

As a first approximation the wind velocity at
1000 mb, ¥, has been taken to be the same as
at 900 mb and computed from the contour values
at the grid points with the help of geostrophic
relationship. The standard pressure at the surface
(Psuctace) 18 computed from the grid point ground
contour values,

The values of w at 200 mb level — This is taken as
gero, Considering the fact that in the tropics the
tropopause is near 200-mb level, this assumption
is not likely to produce large inaccuracies. How-
ever, other methods for computation of  wygy
are available (Lateef 1968) and will be utilised in
future modifications.

Lateral boundary values— The values of tenden-
cies of contour, at the lateral boundaries are taken
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Fig. 2.4 Vertical grid—Input and output variables

to be zero. This was arrived at after testing with
different houndary conditions, hke allowing the
boundary values to float by giving the neighbour-
ing values ete. Tn the latter cases no significant
impovement in forecast could be seen. Since the
area of interest lies away from the boundaries, this
boundary condition is not likely to have adverse
effects on the short period (24 hr) forecast itself.

Ellipticity condition —Some eriteria has to be
satisfied, so that ellipticity condition of Eq.
(3.2) is maintained. This is necessary for the
solution of the w equation to converge. The criteria
used is that LRF*[c,P —8 < 0. Whenever this
criteria  is not satisfied, LRF*/c,P is artifi-
cially made equal to 0.8 8.

Static stability values — Average static stability
parameter values for each level have been inter-
polated from published data (Mukerji ef al. 1972).
Thus for each of the levels, 400, 600 and 800 mb,
a single value of § is known. These values of S
have to be changed each month.

Coriolis parameter — The coriolis parameter has
heen taken as a constant, keeping in mind the
conservation of K.E. and vorticity. f, has
been given the value of coriolis parameter for lati-
tude 221°N. However for computation of 5 the
ahsolute vorticity f has been treated as a variable.

Input data — Since the input data comprises gri-l
point contour values, they are directly obtained
from the charts of 300, 500 and 700-mb levels.
The contour values of 900-mb level are obtained
from those of 850 -mb level by uniformly subtract-
ing 500 gpm from all grid point values. Althoug.
this is a very approximate method, it seems to
give aceeptable results.

8. Case study

The forecasts obtained by the application of
the ahove modael to the data of 28 October 1972
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Fig. 3. Input contours (gpm) of 28 October 1972
at 00 GMT

are presented hera, The input charts of 28 October,
the forecast charts and the realised charts on
29 October are shown in Figs. 3, 4 and respec-
tively.

Initial synoptic situation — At 850-mb level of the
input charts (Fig. 3) an extended low pressure are -
lay over the southern Peninsula of [ndia and
adjoining sea area. A trough line extended from
central parts of India towards northnorthwest
apto Lat. 31.7°N. A deep trough was located
near the western boundary, extending from Lat,
24.8°N, Long. 32.4°E to Lat. 45.9°E, Long,
39.8°N. Another well marked trough was situated
roughly in between the Caspian Sea and the Aral

The 700 mb chart shows a low pressure area with
centre near Lat. 11.1°N and Long. 69.4°E. In
addition to this a trough of low is seen extending

Fig. 4. Predicted contours (gpm) valid 29 October
1972 at 00 GMT

from central parts of India towards north-
northwest. A trough near the western boundary
along Lat. 34.8°N is similar to the one described
for the 850-mb level. The high pressure areas are
well marked and are situated over Arabia and
Indo-China.

At 500-mb level, there is well marked low pres-
sure area (commonly known in India as western
disturbance) with centre near Lat. 28.5°N, Lon.g
73.1°E, with a trough extending into the Arabian
Sea. Another trough of low lies over Arabian Sea.
A low pressure area lies with centre near Lat,
37.7°N and Long. 32.4°E.

At the 300-mb level, a deep trough of low exists
roughly along Long. 39.4°E.  Another deep
trough exists westnorthwest of Caspian Sea.
Two high pressure cells are located over Arabia
and Burma with one more cell to the extreme east,
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Comparison with forecast chart — The forecast
charts (Fig. 4) for all the levels can now be com-
pared with the input charts (Fig. 3) to find the
movement and intensificatin or weakening of the
systems. They can also be compared with the

actual charts of 29 Oectober 1972 (Figz. 5) to
check the accuracy of the forecasts.

At 850 mb level cut-oflf low pressure areas have
been produced where only troughs existad before.
The centres of these are at Lat. 31.5°N. Long.
76 .8°E and Lat. 35°N, Long. 36.1°E. A compari-
son with the realised charts show that hoth these
low pressure areas have really formed although
their centres differ by about 3° longitude in the
former and 1° longitude in the latter. Keeping
in mind the fact that the centres shown in the
realised chart may themselves be in error due to
paucity of data, the forecasts scem fo be reasonably
correct. Two other new low pressure areas are
ghown in the forecast over the southern Peninsula,
where only a trough of low existed before. These
are also bome out to be corrcct by the realised
chart. The deep trough lying hetween Caspian
Sea and Aral Sea has become feeble and moved
to the east by about 7.5° longitude.

Taking the 700 mb forecast, it is seen that the
low pressure are a over Arabian Sea has become a
trough of low, whereas in the realised chart it is
still, shown as a low pressure area. Since the low,
on the realised chart is not based on any data,
but put there from considerations of continuity
only, the forecast does not appear to be in much
error. A feeble low pressure area has formed over
extreme northwest TIndia and agrees with the
realised position, Another feeble low pressure area
has heen generated with eentral position near Lat.
37.7°N and Long. 36.1°E and agrees well with the
actual on 29 October 1972. The central region of
the high pressure area over Indo-China has moved
westwards by about 4° of longitude. The other
high over Arahia also has moved wesiward at its
northern periphery.  These agree well with the
realised situation.

At the 500 mb level, the well marked western
disturbanee of the input chart has been weakened
in the forecast chart by about 40 gpm but has
not moved. However the trough extending south-
wards has moved east by about a grid length.
Comparison with the realised situation shows that
its speed has been predicted to be slower than
actual. The other low pressure arca in the Ara-
bian Sea seems to have moved away across the
boundary. A fresh low has developed in the Ara-
bian Sea, but is not seen in the realised chart. The
low pressure area near Lat. 37-7°N and Long.
312-4°E has moved in the forccast chart by on
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Fig. 5. Actual contour (zpm) of 29 October 1972
at 00 GMT

grid length and agrees fairly well with the realised
charts. The central regions of high pressure areas
over Indo-China and Arabia have also shown
considerable westward movement.

300 mb forecast chart also shows good agree-
ment with the realised chart of 29 October 1972.
The centres of low pressure areas near Lat. 28-6°N,
Long. 73-3°E and Lat. 46-6°N, Long. 36-1°E
are in agreement with the actual. The direction
of movement of the high pressure cells over Burma
and Arabia also seem to be in the right direction.

Further comments on forecast evaluation —In
the above comparisons between the forecast
charts valid for 29 October 1972 and the realised
charts of the same day, stress has been placed on
the major systems, their generation, dissipation
and movement. However, a further comparison




FORECASTING WITH DIABATIC BAROCLINIC MODEL

is necessary hetween the orientation and delinea-
tion of the contour lines themselves. In a number
of cases it is found that the delineations in the
forecast are different from those on the realised
charts. Also. in some cases, like the western
disturbance over northwest India at 300 mb,
proper amount of intensification has not been
produced in the forecast. In addition, systems
which are of wavelength smaller than about
1000 km have got lost in the forecast. These seem
to be some of the drawbacks of the forecast model
in its present form.

It is also noticed that the results of application of
adiabatic version of the present model to the
above data do not differ much from the results
obtained with this diabatic model. This may be
attributed to the meagre release of latent heat
as very little rainfall occurred in association with
the system studied.

9. Concluding remarks

Although a number of case studies have been
made with the model discussed in this paper, for
economy only one has been presented here. Other
cases involved cyclonic storms and low pressure
areas moving inland across the east coast of India
from the Bay of Bengal. From these experiments
the following tentative results can be arrived at :

() This model is capable of forecasting move-
ment of large scale synoptic systems over
the Indian area with fair degree of accu-
racy.
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(#) Generation of new low pressure areas
over regions, where only trough existed
earlier, is done correctly. Dissipation of
weather systems is also prognosticated

properly.
(#4i) Delineation and values of contour lines

in the forecasts differ from the realised
ones, in many cases.

(tv) Weather systems smaller than 1000 km
in wavelength are smoothed out in the
forecasts.

It is desired to modify this model in the light of
experience gained, after case studies for various
synoptic situations are completed. Statistical tests,
of verification can then be applied to compute the
root mean square error in the forecast.

It is also proposed to apply rigorous scheme in-
corporating radiation effect and convective adjust-
ments especially for the forecasts of validity of
48 and 72 hours.
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