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ABSTRACT. The pockets of heavy rainfall in a widespread rainfall system during the southwest monsoon
period in the Indian region are the centres of meso-scale systems. Contingency index technique is applied to

determine the diameters of such systems and their distribution over Madhya Maharashtra and Marathwada
sub-divisions of Maharashtra during the monsoon period.

The technique determines the probability or otherwise of occurrence of rainfall of similar intensity at pairs of
stations at different distances. The variation of CI with distance gives an indication of distribution of meso-scale
cloud systems embedded in macro-scale systems, The method eliminates the random chance of occurrence of

similar type of precipitation over stations having the same CI.

1. Introduction

Earlier observations by a number of meteorologists
established the existence ofvertical motions with scales
of the order of 10* km and it was recognised that weather
associated with these cyclones and anticyclones could
explain to alarge extent the variance of meteorological
parameters which occur on the scale of several days. The
spacing of cities in which man lived and observed the
weather was nearly ideal for resolving the structure
of these vortices and such scales were termed as ‘syno-
ptic scale’. Subsequently, radar and weather satellites
have revealed considerable spatial variability on a scale
larger than cumulus cloud but smaller than synoptic.
Observations of rainfall in a closer network of rain
reporting stations show a variability in the rainfall
amounts at all these stations although these are located
in a much smaller area than that of the synoptic scale.
This meso-scale distribution is the feature of all syno-
ptic disturbances.

A study of data of the raingauge stations used in this
study shows that on some days almost all stations
report rain while on other days only a few have rain.
The locations of these stations in the area of Madhya
Maharashtra and Marathwada to which this study per-
tains are shown in Figs. 1(a&b).

(283)

In the Indian sub-continent many researchers have
shown the existence of areas of convective activity
(meso-scale systems) embedded in the macro-scale
systems. Investigations undertaken under the programme
‘Exercise Storm Exchange, 1973" have shown that mon-
soon depressions have small meso-scale circulations
embedded in them which, perhaps, cause locally heavy
rains. Small vortices (sometimes hardly 100 km or so in
length), which form off the west coast of India
in the monsoon season cause very heavy rainfall locally.
Such meso-scale systems of short life period areimpor-
tant from forecasting point of view, particularly where
accurate forecast for short periods of 1 to 3 hours over
limited area is needed.

Many meteorologists have tried to work out the di-
mensions of these meso-scale systems embedded in a
larger scale system. Billa and Raj (1967) used a triangle
of recording raingauges near Pune to measure the dimen-
sions of five meso-scale rain systems during summer
of 1964. They found the median radius as 55 km.

In this paperan attempt is made to determine the di-
mensions of the meso-scale systems during the monsoon
period in the areas of Madhya-Maharashtra and Mara-
thwada by using Contingency Index Technique.
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Figs. 1(a & b), Raingauge stations : (a) set 1 and (b) set IT

2. Area selected for study and data used and synoptic situation
2.1. Areaof study and data used

The areas in Madhya Maharashtra and Marathwada
are selected in such a way that the effect of orography
due to Western Ghats is minimised to a great extent.
Two separate areas in the districts of Aurangabad, Ah-
mednagar, Nasik, Jalgaon and Jalna are selected for
study. Rainfall data of the departmental (I.M.D.)
and non-departmental including the State raingauge
stations during the months of June to September (men-
soon months) for the years 1976 to 1979 and for 1983
are utilised in the study. The situations selected for the
study are those when there was widespread rainfall in
the areas under study.

2.2. Synoptic systems during monsoon period over
Madhya Maharashtra and Marathwada

The southwest monsoon normally covers the entire
Peninsula during the second week of June and this is
the wettest period of the year in Madhya MaharaShtra.
and Marathwada. About 80 %] of annual rainfall occurs
in this season. From July to August, there is a general
decrease in the rainfall and in September, there is again
an increase. As such two maxima of rainfall are noticed,
one in the earlier half of the monsoon and the other to-
wards the end of monsoon.

During the peak of monsoon, i.e., in the months of
July and August, Madhya Maharashtra and Marath-
wada may get heavy to very heavy rain in association
with the movement of low pressure areas and depres-
sions when these sub-divisions lie in the southwest

sector of the disturbance. However, such occasions may
be only a few in numberin north Madhya Maharashtra
and Marathwada. The other synoptic systems men-
tioned in the subscquent para may produce increased
monsoon activity. but do not normally cause heavy and

very heavy rainfall. However, towards the end of the
monsoon season, these areas are liable to have very heavy
rains, in association with the movement of the systems
across the north or central Peninsula.

The synoptic situations which strengthen the mon-
soon activity over Madhya Maharashtra and Marath-
wada can be summed up as follows :

(i) Monsoon depressions and low pressure areas
from the Bay.

(ii) Well marked seasonal monsoon trough in a
southerly position.

(iii) A cyclonic circulation/low pressure system
(700-500 mb) in the Bay of Bengal and another
in the Arabian Sea with a trough connecting
them running across the Peninsula.

(iv) Upper air cyclonic circulation over the Penin-
sula.

(v) North-south oriented trough in the monsoon
westerlies.

The present study is a composite study for 1ainfall
regimes caused by all the above mentioned systems as
the rainfall data used is not segregated for each of the
systems separately.

In each of thetwo selected areas raingauge stations
in circular areas of radius 100 km are picked up for
study. The raingauge stations are selected in all the
directions radially outward from the centre of the circles
(Figs. 1 a&b).

3. Methodology

Henry and Griffith (1963) developed a technique for
studying the areal distribution of daily rainfall by using
a contingency index found between pairs of stations
in the area under study. Rainbird (1968) also used this
technique to study the areal distribution of rainfall
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TABLE 1
Schematic contingency table
Rainfall at Rainfall at station ‘A’
station ‘B’ — —t—— e Total
0 <20 >20

0 ay a, as Xy
<20 a, as ag Xy
>20 ay a, a, X3
Total M Ya Vs T
where,

@, : No. of days when both the stations A & B have no rainfall.

@, : No. of days when station A has rainfall equal or less than
20 mm and station B does not have any rainfall.

@, : No. of days when station A has rainfall > 20 mm and
station B has no rainfall,

a; : No. of days when both A and B have rainfall equal or
less than 20 mm. and so on.

..............

nh=a +a-+ a
Yo = a3+ a5+ ayg
Ya=az+ ag -+ a,

Xy =a, + a, + a,
Xy =4, + a; + ag
Xy=a; 1 a3+ a,

and Tis the total number of days.

TABLE 2
Rainfall at Rainfall at Sillod
Jalna ¢ A —~ Total
0 <20 =20
0 70 44 7 121
<20 26 54 10 920
>20 5 26 15 46
Total 101 124 32 257

CI=0.26, Distance between the stations=57.5 km.

over Sesan sub-basin off the Mekong tiver, in three classes
of summer disturbances, low level cyclones, sub-tropical
cyclones and trough lines, and all rain regime. With the
same technique Henry (1974) studied the areal distribution
of the meso-scale systems ( rainstorms). (defined to deposit
10 mm of rain in a day at one place) over southeast Asia,
Columbia, Panama and Costa-Rica. In this study also
the contingency index technique has been used to study the
dimensions and the distribution of the meso-scale systems
embedded in the widespread monsoon rainfall regime in
the Madhya Maharashtia and Marathwada sub-divisions
of Maharashtra,

3.1. Contingency index

Contingency index technique is applied to relate the simi-
lar intensity of rainfall with distance. Brier and Allen
(1951) have suggested a 3 % 3 contingeney table as the best
method of relating the data.

For constructing the contingency tables daily rainfall
data for the period and area under consideration was
distributed under three-class intervals, i.e., 0 < 20 mm
and > 20 mm. The scheme of distribution of the rainfall
under class intervals and the method of calculation
of the contingency index is given in Table 1.

The random chance (b,) that both the stations A
and B have no rainfall is given by by=(x,3,)/T. Similarly,
random chances b and b, corresponding to a; and
a, are given by :

bs=x3y,/T and by=1x3y,/T
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Figs. 2(a & b). Contingency index-distance curves : (a) set I and
(b) set II

The contingency index is given by the relat ion,

CI=(01+35+09)—(51+E’5+59)
T— (by + b5 - by)

This value of contingency index represents that both
stations A and B have rainfallin the same class of interval.
The factor (by+b;+b,) represents the random chance of
occurrence of precipitation in the same class interval at
both stations A and B. While calculating the contingency
index this factor is eliminated. The values of CI, computed
from the above table can have values ranging from -1
to —1. The value 41 will show the complete correspon-
dence of rainfall amounts at the two stations in question,
while —1 will indicate the chance of occurrence of the
same category of rain less than the random chance. The
value 0 represents no relationship between the stations,

The contingency indices are calculated for pair of
stations for the two areas separately,

A sample contingency table prepared from the rainfall
of the stations ‘Sillod’ and ‘Jalna’ is given in Table 2,

The rainfall data for all the stations in this area are
available on 257 days during this period.

The values of class intervals were selected after trying
for other class intervals also. The other values did not
give better resolution between the maximum and mini-
mum values of the contingency indices,

3.2. Composite CI — Distance curve
A graph between CI and distance is plotted for the sets

of observations and a curve of best fitting by observation
is drawn. These curves are shown in Figs. 2(a&b) . It ig
seen from the curves that the first minima lies between
35& 40 km and then the maxima is obtained at 50-55 km.
The higher values of CIs indicate a closer correspon-
dence in the intensity of rainfall while the lower values
are indication of little or no correspondence. Thus, the
minima demarcate the boundary of one meso-scale system,
which in this case appear between 35 & 40 km. After the
first minima the values of CI increase again with
distance and attain a maximum value at a distance
of 50-55 km. This is the centre of another meso-seale
system which is bounded by two minima on either side,
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Fig. 3. Formation of convective system — Meso-scale system

The dimensions and the separation of such meso-scale
systems is maintained up to a distance of 100 km or so and
later on the wave-length changes indicating variations in
the dimensions and in the distance of separation of such
systems. At greater distances the resolution between the
maxima and minima reduces and the curves flatten. At
these distances the wave gets distorted and becomes disor-
ganised under the influence of some other factors of
synoptic and regional nature.

4. Theory

It is well known that bulk of tropical precipitation
falls in the form of showers caused by convection activity
which occur predominantly with random spatial distri-
bution, limited by climatic and regional boundaries (Riehl
1954 ). There is an interaction between the convective
systems and the large scale environment in which they are
embedded. Carney and Vincent (1986) have worked outacet
of kinetic energy budget equations which explicitly account
for meso-synoptic interaction. Charney (1967 ) suggested
that formation of a warm-core tropical depression (in
which rain type precipitation predominates) results from
a “cooperative, frictionally controlled interaction between
an ensemble of cumulus cells and a large scale cyclonic
disturbance. In the region of cyclonic vorticity a large
scale field of motion, frictionally induced convergence at
low levels causes the formation of a deep moist layer which
supplies the energy for deep cumulonimbus development™.
Convergence on synoptic scale in the friction layer increa-
ses 1ainfall through ascending motion. This increases the
depth of moist layer in the atmosphere which consequently
reduces the lapse-rate which inhibits the formation of
thunderstorm clouds. The sinking motion outside the con-
vective clouds reduces the quantity of precipitation but
increases the lapse rate. This creates a favourable environ-
ment for formation of another convective cloud system.
This is shown in Fig. 3. The phenomena thus generates
a wave separating zones of convergence and subsidence
in the atmosphere. The zones are the areas where cumulus
cells develop and form the centres of meso-scale systems
and are characterised by heavy rainfall. In the areas of
sinking motion, the rainfall amount isreduced. The influ-
ence of convection is also borne out by Riehl e al. (1973),
who in a study of Venezuelan rainfall fo und out that mean
ascent of air occurred during, but not prior to, widespread
convective rainfall.

5. Conclusion

The contingency index-distance curves delineate
the maximum and minimum values of contingency indi-
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ces in a wave form having crests and troughs. The maxima
and minima demarcate the areas of similar and dis-similar
types of rainfall with respect to distance. The maxima are
the centres of meso-scale systems and the minima demarca-
te the boundary of such systems. The distance of the se-
cond maximum indicates the separation of such systems.

The present study shows the dimensions of meso-scale
systems embedded in a larger rainfall regime in the mon-
soon months over Madhya Maharashtra and Marathwada
as 35-40 km and these systems are scattered at distance of
50-55 km. These values of diameter and separation are
maintained up to 100 km beyond which bcth the values
reduce in size and ultimately beyond 120-130 km these
systems get disorganised or distorted.

The present study is made for a limited area, i. e., for
Madhya Maharashtra and Marathwada subdivisions of
Maharashtra for all the synoptic systems causing wide-
spread rainfall duting monsoon months in these regions
in a compcsite way. Authors will  try to extend this
study in other subdivisons of India and for each synoptic
system sepaiately in subsequent papers.
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