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ABSTRACT. The wind field and 12-hourly change in absolute vorticity have been examined
for a few rainstorm situations in the Bhagirathi catchment one day in advance to the storm with
a view to locating areas of positive vorticity changes as one of the criteria in conjuction with other
meteorological parameters associated with synoptic types for forecasting rainfall over Bhagirathi

catchment.

Convergence patterns as revealed by positive vorticity changes over the area bounded by Lat.
21-26 N and Long. 84-92 E containing Bhagirathi catchment have been plotted and compared with
the isohyetal patterns of observed rainfall at 03 GMT of the next day. The study shows that there

is resemblance between the two patterns.

It is suggested that the areas of positive total vorticity changes may be taken as a guoide to fore-
cast areas of precipitation 12 to 15 hours in advance keeping in view the likely lateral shift of the
forecast areas of precipitation as judged by synoptic situation.

1. Introduction

In the study on the forecasting of heavy rainfall
over Delhi and neighbourhood Ghosh (1970) consider-
ed convergence pattern over Delhi in conjuction with
the passage of wave troughs and concluded that rise
in rate of convergence in the lower levels and the
passage of a wave trough over Delhi 24 to 36 hours
earlier was conducive to heavy rainfall over Delhi.

Sarma (1970) considered evaluating vertical velo-
cities over small arcas for forecasting heavy rainfall.

Banerji and Rao (1966) computed rates of precipi-
tation over catchment arcas making use of various
methods.

Knowing that one of the mechanisms of heavy
rainfall is due to the convergence in the lower levels
and divergence at higher levels, changes in absolute
vorticity over Bhagirathi catchment and neighbour-
hood at lower levels 12 to 15 hours in advance of a
few rainstorm situations have been studied in this
paper with a view to aid heavy rainfall forecasting.

Bhagirathi catchment lies in the border areas of
Bihar Plateau and Gangetic West Bengal. It has a
total area of about 25,000 sq. km and lies in homo-
geneous rainfall zone. The annual rainfall over the
catchment as a whole is 136 cm of which 85 per cent
occurs during the months of June to October.

Three cases of one-day rainstorms of 3 & 21
August and 23 September 1962 having coverage
depths of precipitation as 4.1, 4.0 & 4.0 cm respectively
were finally selected for the study.

2. 12-hourly changes in fotal vorticity

The basis of this is a study by Peterson er al.
(1960) in which it was shown that convergence
develops after cyclonic vorticity has appeared and
reaches its maximum down stream from the maximum
cyclonic vorticity and that the time lag was of the
order of a few hours. This observation of Peterson
and others has been extended to locate rainfall
maxima, Theoretically the changes in geostrophic
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Fig. 1. (a) 12-hr total vorticity change in 10-%/sec between 12 and 00 GMT of 2 August 1962 and (b) Observed

rainfall (cm) on 3 August 1962
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Fig. 2. (a) 12-hr total vorticity change in 10-%/sec between 12 and 00 GMT of 20 August 1962 and (b) Observed

rainfall (cm) on 21 August 1962

vorticity can take place either as a result of changes
in shear term or in the curvature term. The location
and intensity of rainfall, therefore, can be related in
the first instance in a quantitative way to the duration
and amplitude of the geostrophic vorticity.

All the available upper air data from 18 stations,
pilot balloon as well as RS/RW data within the area,
51-26 N and 84-92 E, were collected from the Indian
Daily Weather Reports and Aerological Data published
by India Met. Dep. for the relevant dates.

A computer programme was used to resolve the
wind into u and v components and to compute
weighted averages of these components by Cressmen’s
technique at one degree grid points within the arca
under study. Vorticity was calculated at each grid
point by the usual expression :

po@

S Wy

{ is expressed in 107%/sec at each level. Total vorti-
city from surface upto 500 mb level was then calcu-
lated at each grid point for 0000 and 1200 GMT

on the day previous to the occurrence of rainstorm.

The total vorticity changes were calculated by
using the well-known expression :

d
— (LR == +NV.V

neglecting vortex tube term and solenoidal term from
the vorticity equation.

Isopleths of 12-hourly changes in the total vorticity
were then plotted to demarcate areas of positive and
negative vorticity changes. The pattern of isopleths
thus plotted were compared with the isohyetal pat-
terns of observed storm rainfall at 03 GMT of the
next day. Negative vorticity changes are taken to be
associated with subsidence and consequent no rain
whereas positive vorticity changes are taken to be
associated with heavy rainfall cases,

3. Discussion of results of individual cases

Case 1: Rainstorm of 3 August 1962

The isopleths of 12-hourly changes in vorticity bet-
ween 00 & 12 GMT of 2 August 1962 (Fig. 1 a) show
a centre of marked positive vorticity change over

northeastern parts of Orissa and adjoining arcas of
Bihar- and Bengal.
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Fig. 3. (a) 12-hr total vorticity change in 10-%/sec between 12 and 00 GMT of 22 September 1962 and (b) Observed

rainfall (¢cm)on 23 September 1962

The isohyetal pattern of observed rainfall at
03 GMT on 3 August 1962 (Fig. 1 b) shows an area
of heavy rainfall over eastern parts of Bihar and
adjoining Gangetic West Bengal.

On comparing these two patterns, it is noticed that
the central area of positive vorticity was found to be
located west about 2 degrees to give heavy rainfall
over eastern parts of Gangetic West Bengal, parts of
Bhagirathi catchment and neighbourhood.

The streamline patterns of 00 GMT and 12 GMT
of 2 August 1962 and 00 GMT of 3 August 1962
support the convergence over the area under study
upto 700 mb.

Case 2 : Rainstorm of 21 August 1962

The isopleths of 12-hourly change in vorticity bet-
ween 0000 GMT and 1200 GMT of 20 August
1962 (Fig. 2 a) show two areas of positive change in
vorticity, one over Bihar Plateau and the adjoining
areas of northeast Madhya Pradesh and north Orissa
and the other over Bangla Desh separated by an
area of negative vorticity change running north-south
through Bhagirathi catchment. The isohyetal pattern
of observed rainfall at 03 GMT of 21 August 1962
(Fig. 2 b) shows two areas of high rainfall, one over
east Bihar and adjoining parts of Bengal and the
other over eastern parts of Bangla Desh and ad-
joining areas of Nagaland, Manipur, Mizoram and
Tripura separated by an area of scanty rainfall.

On comparison with the isopleths of 12-hourly
vorticity change at 12 GMT of the previous day,
it is noticed that high rainfall area over east Bihar

and adjoining parts of West Bengal has appeared
over areas 2% deg. E of the areas of positive vorticity
change. Similarly, the area of high rainfall over eastern’
parts of Bangla Desh and neighbourhood had appear-
ed 13-degree towards the northeast of the area of
positive vorticity change of the previous evening. The
area of negative change has appeared as an area of
scanty rainfall in between the areas of high rainfall
which is in agreement with assumptions made.

Case 3 : Rainstorm of 23 September 1962

Isopleths of 12-hourly vorticity change in 22 Sep-
tember 1962 (Fig. 3 a) show maximum positive vorti-
city change over south Gangetic West Bengal and
neighbouring areas of east Bihar and adjoining parts
of Bangla Desh where centres of high rainfall may
be expected surrounded by areas of negative vorticity
change embedded in the general area under study.

On comparison with the centres of high rainfall
in the isohyetal pattern of observed rainfall at 03 GMT
of 23 September 1962 (Fig. 3 b), it is seen that
there is an area of high rainfall over Gangetic West
Bengal and east Bihar, coinciding with the area of
positive vorticity though with a shift of 2-degree to
the northeast. Another centre of high rainfall over
west Bihar and adjoining areas of southeast Uttar
Pradesh in the observed pattern of rainfall has no
counter part in the 12-hourly positive change of ab-
solute vorticity. In fact this area is shown as an area
of negative vorticity change where no rainfall was

expected, 2
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4, Conclusions

From the study of the wind field over the catch-
ment and neighbouring areas under favourable synop-
tic situations, a plot of change in vorticity at 12 GMT
of the day, it seems that likely areas of precipitation
can be forecasted 15 hours in advance. The shift is
areas of precipitation in relation of vorticity changes
is to be expected since in a dynamic situation ihe pres-
sure field is constantly changing.

This study at present gives a qualitative but objec-
tive forecast of the likely areas of precipitation, and
can be a useful tool for forecasting offices.
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