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ABSTRACT. From the study of wind clianges at various levels over Indian area during the monsoon
period, it is seen that the stream-lines of 24-hour wind changes contain cyclonic and anti-cyclonic
vortices, which are not indicated in the stream-line analysis of the actual wind fiow at these levels on
the day of forecast. The regions of these vortices are sometimes associaled with rainfall over that area
during the subsequent 24 hours. However, it is not too often that well defined cyclonic or anti-cyclonic
circulation of wind changes which obviously indicate large positive or negative vorticity changes occur.
Thus, in order to know the vorticity changes in the area concerned, the actual value of the change is
calculated.

Vector wind changes at 00 GMT on the day of forecast with respect to its previous day are
calculated at 850 mb for all PB/RW stations. The area is divided into a number of triangles by
joining these stations suitably taking care that the triangles so formed are more or less equilateral.
Vorticity of these triangular areas are calculated with the help of Bellamy’s grid. The vertical component
of the vorticity in the area is related to the rainfall which occurs during the next 24 hours. A forecast

scheme is suggested for prediction of spatial distribution of rainfall during the next 24 hours.

1. Introduction

During the southwest monsoon accurate forecasting
of spatial distribution of rainfall, especially in the
absence of well defined systems is one of the most
difficult and challenging problems for a forecaster.
Even today with the transmission of surface and upper
air prognostic charts on the facsimile circuits, the
forecaster still relies on the conventional methods and
his practical experience. The experience, of course, lies
largely on the subjective methods which differ from
forecaster to forecaster.

1.1. For the middle iatitudes, a number of workers
have tried to correlate the occurrence of precipitation

(75)

with the upper air circulation (Klein 1948, Starrett
1949). For the tropics also a number of Indian aund
other workers have tried to relate the rainfall with the
upper air flow pattern, Das (1951) has explained the
use of the convergence and divergence charts for pre-
cipitation forecasting. Venkataraman and Rao (1965)
have related the rainfall distribution associated with
a southwest monsoon depression with high level
divergence. Buajitti (1963) has related the occurrence
of rainfall with the vertical component of vorticity of
24 hours wind changes. In this paper efforts have been
made to relate the vertical component of vorticity of
the vector change of wind during the preceding 24
hours with the spatial distribution of rainfall during
the next 24 hours over the Indian area.
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Fig. 1. Stream line analysis for 24-hr vector
changes of wind

2. Method of analysis

The method adopted here is more or less on the
same lines as was originally developed by Buajitti
(1963) for Thailand, which is described below -

_ For horizontal motion, the equations of motion after
ignoring the friction and small terms may be written
as :
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where « and v are the horizontal components of wind,
[ is the coriolis parameter and p is the density of the
air. These equations may be written as :
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Differentiating (3) and (4) w.r.t. time andassuming p
as constant, the following expressions are obtained :
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if' t is taken as 24 hours, gu/¢t and av/or are the w and v
components of the vector change of the wind in 24
hours. Representing these components ol the vector

Fig. 2. Stream fine ana'ysis and rainiall distribution

change of wind in 24 hours by « and v we can write
(5) and (6) as
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Differentiating (7) and (8) partially w.r.t. x and y res-
pectively and subtracting (8) from (7) we get,
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From (9) it is seen that the vertical component of
vorticity of the vector change of wind is related to the
Laplacian of the pressuic tendency represented by the
first term on the r.h.s. Vorticity will be positive with
the positive value of the Laplacian and negative with
the negative value of the Laplacian of the pressure
tendency. The second term on the r.his. will also have
its own contribution to the vorticity value. The Lapla-
ciun of the pressure tendency measures the difference
between the local and average values of pressure ten-
dency. This indicates the movement of a pressure wave
in the area under consideration.

...... : )

2.1. Fig. 1 shows the stream line analysis for 24-
hours vector changes of wind of 22 and 23 July
1970 (0000 GMT) at 1.5 k. Fig. 2 shows the stream
lines drawn for the actual wind at 0.9 km on 23 July
1970 (0000 GMT). Numbers plotted in Figs. 1-
and 2 show the rainfall distribution on 24 July 1970
at 0300 GMT. It can be seen from Fig, 2 that the
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Fig. 3. Arca divided into a number of morz or less equilateral
triangles

stream line analysis at 0.9 km which is an important
level for forecasting precipitation during this period
of the year does not show any sign of rainfall over the
areas marked A and B in the figures. The study of the
wind changes at 1.5 km (Fig. 1) provides a quite
satisfactory clue for prediction of rainfall in these arcas
during the next 24 hours.

2.2. It is thus scen that the stream lines drawn for
24 hours vector changes of wind at different levels
sometimes contain cyclonic and anticyclonic vortices
which are not indicated in the stream line analysis of
the actual wind flow at these levels on the day of fore-
cast. The regions of these vortices arc sometimes
associated with rainfall over that area during the sub-
sequent 24 hours. However, it is not too often that well
defined cyclonic or anticyclonic circulations of wind
changes which obviously indicate large positive or ncga-
tive vorticity changes occur. Thus in order to know
the vorticity changes in the arca concerned, the actual
value of the change is calculated.

2.3. Data used

Situations of the southwest mensoon of 1968, 1970
and 1972 in which no well defined systems were
apparent on the synoptic charts, but the resulting rain-
fall was ‘well distributed in certain areas were selected
for the study. Situations were selected in such a way
that the rainfall arcas have a good coverage over the
country barring the hilly terrain. Wind recorded at
the Pibal/Rawin stations in those arcas at 850 mb
level on the day of forecast and on the previous day

TABLE 1
Vorticity value ( x 1075)

Between
<—1.0 —1.0 =+42.0 Total
&
+2.0
Rainfall over more
than half the area 12 40 4 56
Rainfall over half
or less arca 20 62 4 86
No rainfall 15 22 0 37
Total 47 124 8 179
TABLE 2

Normalised contingency ratio vorticity value (< 107%)

Between
<—1.0 —1.0& >42.0
+2.0
Rainfall over more than
half the area 0.8420 1.0436 1.2128
Rainfall over half or less
area 0.8782 1.0706 1.0183
No rainfall 1.3808 0.8392 0.7119

were used to work out the 24 hours vector change of
wind at these places. Rainfall recorded at 0300 GMT
of the next day of the forecast at all the raingauge
stations, departmental and non-departmental including
State raingauge sta'ions, wherever possible were used
to determine the spatial distribution of the rainfall.
While determining the spatial distribution of the rain-
fall, amounts less than 2.5 mm were not taken into
consideration in accordance with the practice of the
India Met. Dep.

2.4. In brief, vector wind changes at 0000 GMT
on the day of forecast with respect to its previous day
were calculated at 850 mb for all the PB/RW stations
in the areas and situations which were selected for
study, These were plotted on the charts. The area was
divided into a number of triangles as shown in Fig. 3.
By joining these stations suitably, taking care that the
triangles so formed are more or less equilateral and’
not elongated. Vorticity of these triangular areas was
calculated with the help of Bellamy's grid. Rainfall
recorded at 0300 GMT on the next day of the forecast
at all the raingavge stations (departmental and non- -
departmental  including  State raingauge  stations)
situated in the area were used to determine the spatial
distribution of rainfall in these areas. While determining
the spatial distribution, rainfall amounts less than 25
mm were not taken into consideration. A contingency
table was prepared to evolve a forecast scheme by
relating the spatial distribution of rainfall to the vorti-
city value in the arca under study.
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TABLE 3
Observed class
Forecast
Class using the Areaof Areaof No rain-
scheme rainfall rainfall fall Total
more 509% or
than less
509,
Area of rainfall more
than 509% 2 0 5
Area of rainfall 50 % or
less 5 12 | 18
No rainfall 1 4 4 9
Total 9 18 5 32

2.5. Contingency table

The total number of cases studied (179) were
d.vided into three categories in this case, viz., (1)
having rainfall over more than half the area, (2)
having rainfall over half and less area and (3) having
no rainfall at all. According 1o departmental termino-
logy category 1 covers widespread and fairly wide-
spread rainfall and category 2 scattered and isolated.
The cont’ngency table containing the number of cases
under various ranges of vorticity values determined in
this study is given in Table 1.

Since, the sample size in the various categories of
rainfall distribution is not the same in the Table 1,
‘Normalised contingency ratio’ was calculated with the
help of the following relation :

. 5 kI 2
R =14 (Rj;- l)[fu‘ * TV_}

and R,‘j — Tﬂj—n
J g

where,
fii is the observed frequency in the (i,j) cell,

fii° 1s the frequency expected on the hypothesis of
independence, and thus calculated as f;;° — S; X Si/N
where S; and S; are the marginal totals.

N is the total number of cases taken for study.
The normalised contingency ratio is given in Table 2.

3. Discussion

For the three ranges of vorticity values, i.e.,
(1) < —1.0, (2) between — 1.0 and -- 2.0 and
(3) > - 2.0, the maximum value of the normalised
contingency ratio is obtained for the blocks of (i) No
rainfall, (#) rainfall covering half or less area and
(#i?) rainfall covering more than half the area, respec-
tively. These ranges can give a guidance to forecast the
spatial distribution of rainfall. As the area considered
for study has a good coverage all over the country, the
above ranges can be made use of in all the regions.
However, it was seen that some areas are always having
larger values of the vorticity compared to others for
the same type of distribution of rainfall. The reason
is obvious that topography of the area plays a part
in contributing to the vorticity,

3.1. The spatial distribution of the rainfall has been
taken in this study on a broader scale as the number
of cases for distribution in the finer limits were very
few. However this study is being extended to make
a finer division of the spatial distribution at a range
of 25% each and considering smaller areas. The
results will be published in a separate paper later on.

4. Verification of the forecast scheme and skill score

The scheme of forecast was tested for working out
the skill score on two years data, i.e., for 1973 and
1974, Here again those cases were tested where the
forecast issued by Regional Centres for spatial distri-
bution were out by two or more than two stages, if
each stage is considered as comprising of 25 per cent
of the area. The results are shown in Table 3.

If T is the total number of forecasts and C is the
number of correct forecasts according to the scheme,
the skill score is given by :

S =(C—E)|(T—E)

where E is the number of correct forecasts by conven-
tional methods. Since the cases considered are only
those where the forecasts by coventional methods were
out by two stages or more, the value of £ is 0 and
as such the skill score is .59.
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