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A study of Climatological and other Rainfall Patterns over Central India
V.C. BEDEKAR and A.K. BANERJEE

Regional Meteorological Centre, Nagpur
(Recerved 23 Scptember 1967)

ABSTRACT. The study is divided into three parts, viz.,(a) The normal monthly rainfall charts during monsoon
months for Madhya Pradesh aud Vidarbha have been presented and the results of the analysis disoussed; (b) The spatial
distribution of rainfall associated with monsoon depressions moving across Central India has been depicted and a
method to foreeast the same has been described ; and (¢) The character of rainfall at different places in and around a
low-level convergence zone oceurring over the above area has been brought out with the help of self-recording rain-
gauge charts and its usefulness in loeal forceasting has beon indicated,

1. Introduction

The preparation of the normal monthly rainfall
charts for the monsoon months was done by using
the data based on 50-year records (1901 to 1950)
from all the 40 departmental and 350 State
raingauge stations within Madhya Pradesh and
Vidarbha. For the study of the rainfall patterns
associated with a depression moving across the
central parts of the country, the isohyetal patterns
of twelve depressions pertainirg to the period
1952—63, bave been used. In a previovs study by
Pisharoty and Aspani (1957). data for three de-
presssions doring July and August 1944 had been
vsed, while in a recent study by George and Datta
(1965) data for only one depression in September
1963 had been examined in detail with reference
to the character of the rainfall and other synoptic
features, Analysis of beavy rainfall patterns
associated with six selected depressions in the
present stvdy, has enabled preparation of more
representative composite rainfall charts. In the
present study the composite charts prepared can
be used directly on the surface chart for ascertain-
ing expected areas of heavy rainfall. The present
charts bring ovt finer details of the heavy rainfall
patches in the field of the depression. Character
of rainfall occurring at different stations within
a convergence zone has been studied with reference
to self-recording rainguage charts of 9 stations in
the region for a period of 12 years. In all ten cases
of oecurrence of convergence zones have been look-
ed into and the observed patterns brought out
accordingly.

2. Normal rainfall patterns during monsoon

Rainfall data for the departmental as well as
the State raingavge stations were plotted on a
map monthwise for the monsoon period, June to
September and the isohyets were drawn (Fig. 1).

In June, isohyetal pattern shows a progressive
decrease in rairfall from southeast to northwest

direction across the region. In July the pattern
gets completely changed, with higher isohyetal
values. It is observed that there is a prominent
belt of concentrated rainfall (50 em) in the longi-
tudinal belt 80°-81°E with a small additional patch
covered by the 50-cm isohyet in Raigarh district,
In August, the pattern is more or less similar to
July and the prominent belt of rainfall (40 cm)
lies in the same longitudina) belt as in July,
Two small patches enclosed by the 40-cm isohyet,
one in Raigarh district and another in Sagar-
Hoshangabad districts are also seen. In Septem-
ber the isohyetal pattern again gets completely
changed. There is again a progressive decrease
of rainfall, broadly from southeast to northwest
and thus it seems to correspond generally to the
June pattern of isohyets.

The June pattern of isohyets can be understood
with reference to the dates of onset of the monsoon
over the region. Asis well known, the monsoon
sets in first on the southern parts of the region and
then gradually extends northwards, The iso-
hyetal patterns are thus in conformity with this
progressive onset of monsoon.

The July and August patterns, however, present;
some peculiarities. Apart from the samll patches
of concentrated rainfall observed in the normal
charts of July and August, there is the prominent
belt broadly between Long. 80°E and 81°E and
between Lat. 18°N and 24°N during both these
months where relatively high rainfall persists,
While the small patches can be attributed to local
orographic effects, i is difficult to explain this
extensive longitudinal belt of concentrated rain
on this account as the main hill ranges, viz., the
Satpuras and the Vindhyas run in an east-west
direction.

An explanation for the existence of such a belt
of concentrated rainfall, however, becomes feasible




24 V.C. BEDEKAR axp
= x 7 ]
som JUNE S
FS \/\5 o s % AJ ;s __._/’L-—/ 0‘;\
FN_/D/‘/‘/ | A\ =y
} oo E Lt W= )‘ u’l |\ s
* i ap /“h |’ \\I 01! —L} g\
by ) -
ik T SR e =¥
50;:UGUST r 5 EVBER
|25 = A"
N 20 J
& - \?\‘i |
R (1 |
(1 Dol & 15,‘_,
“4 I\/Z) A i ol
L 2004 b - ‘; 5 ;D \,—.{-_,“ /,\ 4
e o f . 44 A v
|75 got s es] S L] (80 7 an

Fig. 1. Monthly normal isohyetalfpattern_for June,
July,®August_and September
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Fig. 2(b). Principal heavy rainfall areas in the field
of a recurving depression of September 1954

when the synoptic aspects are taken into considera-
tion, It is generally observed that on most occa-
sions when a depression originates in the Bay
in latitudes above and near 18:5°N, a low-level
convergence zone giving concentrated rainfall also
develops over the Central India right from the
time of formation of the depression. These zones
are also seen to lie partly or wholly within the longi-
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Fig. 2(a). Monthly rainfall charts for August 1960
and August 1966
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Fig. 2 (c). Track of depression (thick line with arrow)
between 7 and 10 September 1961 and the
areas where heavy rainfall (24-hr period)
occurred during its passage
Rainfall recorded at various stations in the region on the
mornings of 8, 9 and 10 September 1961 have been utiliged
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Fig. 8. Tracks of depressions

Depression positions ot 0300 GMT only have been indicat-

ed by small eircles. Positions for which rainfall data have

beed utilised for preparing composite charts are shown
with crogs within the circle

tudinal belt 80° to 81°E on many occasions (Figs. 6
to 8). With a view to examine this aspeet, monthly
rainfall charts for August 1960 and August1966 have
been analysed (see Fig. 2a). It is seen from these
charts that in the former case, anchoring of heavy
rainfall along 80°-81°E did occur as 3 depressions
and 2 lows (covering 28 days of of Dep./Low) formed
during the month and moved across the country,
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Fig. 4. Composite maps depicting “Probable areas™
around depression cenire (shown by eontinuous
line) for 50 mm of rain (top) and 75 mm of rain

(bottom). “More probable areas™ are stippled

But, in the latter case no such anchoring is obser-
ved as only 1 depression and 2 feeble lows (cover-
ing only 8 days of Dep./Low) formed in the Bay
and moved across the country. Thus, it is evident
that the normal monthly frequency of depressions
foffning in the Bay north of Lat. 18}°N is
of importance in this context since the low-level
convergence zones where concentrated rainfall
occurs and which develops over the region in asso-
ciation with these depressions will have direct
influence in shaping the normal monthly iso-
hyetal pattern of the region.

The climatological records of 70 years (1891—
1960) show that in June 43 out of 52, in July 82
out of 108, in August 82 out of 117 and in Septem-
ber 49 out of 113 of the Bay depressions formed
north of Lat. 18}°N (India met. Dep. 1964).

Thus, the percentage frequency is significantly
greater in June, July and August than in Sep-
tember. The normal movement of these depres-
gions is westnorthwest or northwestwards and
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Fig.5. Actual and expected areas of heavy rain around
a depression centre

(A)—Actual arcas (enclosed by continuous lines) of
heavy rain recorded at 0800 IST on 5 Angust 1942 and the
expected areas (enclosed by dotted lines) of ‘heavy rainfall
for the subsequent 24  houss with respect to that depression
centre at 0800 IST on the previous day.

(B)—Actual areas of heavy rain recorded at 0830 IST on
13 Aug 1962 and the expected areas of heavy rain for the
subsequent 24 hours with respect to the depression centre
at 0830 IST on the previous day.

hence during July and August, the average number
of depressions originating in the Bay in latitudes
north of 183°N and then moving across the region
is also significantly greater compared to that in
September. Now, as these depressions form in the
Bay and get intensified, a cyclonic eirculation
develops around them over a wide area and on the
western/southwestern periphery of the circulation,
a convergence zone invariably develops in lower
levels (Figs. 6 and 7). As mentioned earlier, this
zone lies cither partly or wholly along the longi-
tudinal belt 80°-81°E on many occasions. When
the depression moves westnorthwest/northwest-
wards and “crosses overland, it weakens but the
convergence zone continues to persist more or
less where it formed in the initial stages as the
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Fig. 6. Streamflow chart at 0°'9 km a.s.l. for 00 GMT
of 12 August 1962 and relevant intensity rainfall
charts of Jagdalpur, Bhopal, Nagpur,
Jabalpur and Raipur

extent of the cireulation reduces due to the weaken-
ing of the system. Thus, due to the favourable
positioning of the low/depression centres in  the
Bay and their WNW/NW movement in July
and August, the longitudinal belt 80°-81°E
over the region is subjected to an early spell of
heavy rains right from the formation of the lows/
depressions and this spell is maintained during the
subsequent movement of the system till it crosses
the coast and moves a little inland. However, when
the system further moves W/NW beyond the belt
(80-81°E), the associated convergence zore also

shifts westwards with it. But the rainfall within
the convergence zone is now associated with a sys-
tem which has progressively weakened with its
movement. Hence concentration of heavy rain
does not ocecur in other parts of the region as in
the 80°-81°E belt. This appears to be the most
plausible reason for the formation of the belt of
concentrated rainfall us observed in the isohyetal
patterns for July and August over the region.

The reasoning given above is not, however,
applicable for June although almost an equally
high percentage of depressions from above 181°N
in this month also, as in July and August. This
is because, the southwest monsoon normally begins
to set in over the region only from the second half
of June in association with the formation of lows/
depressions in the head Bay and finally gets estab-
lished towards the end of the month by the pro-
gressive movement of these lows/depressions aeross
the country. Hence, due to absence of monsoon
current in lower levels over the region during a
major period in thiz month, very few effective
low-level convergence zones develop over the re-
gion in particnlar. Secondly, the annual frequency
ol Bay depressions forming above 181°N latitude
in this month is almost half of that for the month
of July and August. Consequently, the concentra-
ted rainfall belt is not obhserved in the normal
monthly isohyetal pattern of June as in July and
Aungust.

In September, the isohyetal patfern is more or
less similar to the June pattern and the belt of
concertrated raiv is pot observed. As stated above,
majority of the depressions (about 60 per cent)
during this month originate in latitudes much
lower than 181°N and then traverse in a WNW
or NW-ly direction. Hence, the probability of
formation of low-level convergence zores over
the region right from the time of formation of
depressions in the Bay gets much reduced in Sep-
tember unlike July or August. Further, it
is also seen from the climatological data for the
T0-year period that whereas on an average one
depression per year formsin the Bay above 181°N
during July and August, only one in two years
forms in September. Thus, on this account the
probability of formation of low-level corvergence
zones in the region gets still further reduced in this
month, Consequently, in September, the concentra-
ted rainfall belt is not seen in the normal iso-
hyetal pattern. The usual decrease in rainfall
associated with progressive weakening of the low/
depression system during their movemert across
the region 1s, therefore, reflected in the normal
isohyetal pattern of September. The normal rain-
fall pattern of this month therefore exhibits in
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general a progressive decrease in rainfall from south
to north.

3. Rainfall patterns associated with monsoon depressions

3.1. Spatial distribution — From an analysis of
32 rainfall charts (associated with different lo-
cations of the centres of 12 depressions), each de-
picting 24-hr isohyetal pattern for the region, it
is observed that heavy rain (75 mm or more) gene-
rally oocurs in patches, On an average about
8 individual patches of heavy rain are generally
observed in the field of each depression position.
Each patch, on the average, covers an area of
about 4800 sq. km.

It is further observed that rainfall amount ex-
ceeding 50 and 75 mm in 24-hr are ipvariably con-
centrated to the left of the depression track and
within a comparatively narrow belt of 2 to 3
degree latitude from the track (Fig. 2c). Heavy
rain rarely occurs to the right of ths track except
in cases when the depression shows some tendency
to recurve north/northeastwards, In most of such
cases, the heavy rainfall belt which pormally
remains confined to the left forward sector of the
depression partly shifts to the right forward
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Fig. 7. Streamflow pattern at 0-9 km a.s.l. on 26 August 1955
and relevant intensity rainfall charts of Jagdalpur,
Nagpur and Bhopal

sector progressively during the recurving phase of
the depression. An illustration of this feature is
given under Fig. 2 (b).

3.2. Preparation of compesite charts — In order
to study the spatial distribution of heavy rain
associated with the depressions, composite rainfall
charts in respect of six selected depressions for July,
August and September which moved across the
region in directions varying from W to NW were
prepared. The depressions were so chosen that the
central pressure defects were between 4 and 8
mb during the course of their movement across the
region. The composite rainfall charts were pre-
pared on the lines adopted by Pisharoty and Aspani
(loc. cit) with a view to obtain a picture of
rainfall arising mainly due to the hydrodynamical
processes operating in the depression system.
The tracks of the depressions selected are indica-
ted in Fig, 3.

In all, six composite charts were obtained and
areas where rainfall of more than 50 and 756 mm
oceurred during the subsequent 24-hr period were
demarcated. From each of these composite charts,
areas around the depression centre covered by
50-mm isohyet on each occasion were transferred
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Fig. 8. Streamflow pattern at 00 GMT on 16 September 1962
at 0-9 km a.s.l. and_character of precipitation at stations
near and within a weak convergence zone

(The confluent monsoon and the casterly streams are
rather weak in this case)

to one single map in six different colours. Now in
this single composite map so prepared with six
different colours, the areas where two, three
or more colours overlapped were marked out. The
areas around the depression centre where two
colours overlapped were taken as the ‘Probable
areas’ for occurrence of more than B0 mm rain
during the subsequent 24-hr period. Similarly,
areas where three or more colours overlapped were
taken as ‘More probable areas’ for the occurrence of
more than 50 mm of rain (se¢ Fig. 4a). Onbe more
such single compoesite map (from the six composite
charts) was prepared for the 75-mm isohyet exactly
in the same manner as indicated above (Fig. 4b).
These two single composite maps have been reduced
to the secale of surface chart (1 : 107).

3.8. Utility for forecasting heary rain - These
maps can be utilised for forecasting expected arcas
of heavy rainfall around the depression centre
for a subsequent 24-hr period by carrying out the
following operation.

First coincide the centre of depression shown in
the composite map (for 75-mm isohyet) with the
actual centre of the depression on the 0300 GMT
surface chart. Then, keeping the centre fixed,
orient the composite map in a manner such that the
arrow coincides with the expected direction of
movement of the depression centre. Now, trace out
the ‘More probable areas’ of heavy rainfall ov the

surface chart from the composite map (shown in
Fig. 4b).

The expected areas of heavy rainfall for a sub-
sequent 48-hr or 72-hr period can also be agsessed
by the single composite map (for 75-mm isohyet)
hy shifting the depression centre indicated on it to
the anticipated positions of the centre of the actual
depression 24 or 48 hours later respectively
and then marking out the ‘More probable areas’ of
heavy rain swept out in this operation on the
surface chart.

A striking feature that has been noticed in all
the six composite charts is the absence of heavy
rain in a belt of about 60 km around the depression
eontre.  This observation corroborates the view of
Mull and Rao (1949) that the areas of maximum
convergence and consequently heavy rainfall is
somewhat away from the depression centre.

The average picture of distribution of 75 and 50-
mm isohyets with respect to the depression centre
(depicted in Fig. 4), obtained on the basis of rain-
fall data for the period 1952-63, wasput to test in
casos of two depressions (one’in August 1942 and
another in August 1964) which moved across the
region. These two test cases arc shown in Fig. 5.
It will be seen that the areas over which the heavy
rainfall may be forecasted on the basis of composite
charts, generally encompass the different patches
of heavy rainfall areas actually observed. Thus,




it is felt that these composite maps canbe fruit-
fully utilised for the purpose of forecasting heavy
rain in the region associated with depressions.

4. Rainfall patterns in and near low=lgvel convergence zones

(@) Special features — 1t is interesting to see from
the self-recording rainfall charts, the marked con-
trast in the character of rainfall which oceurs at
stations within low-level convergence zone and
at other stations situated in the monsoon-air sector
slightly away from the periphery of the zone. A
fairly strong north-south low-level convergence
zone, which formed between the monsoon current
and the easterly current associated with a Bay
depression centred near 21°N/881°E at 0000 GMT
on 12 August 1962, is depicted in Fig. 6 along with
the intensity rainfall charts of some stations. It
can be seen from the rainfall charts of Jabalpur,
Raipur and Jagdalpur which are situatedin or at
the peripbery of the convergence zone, that the
rainfall at these places was fairly heavy and was
generally characterised by one or two very intense
spells of concentrated rain accompanied by thunder.
At Nagpur, a station situated in the monsoon-air
sector and about 80 km (50 miles) to the west of
the (western) periphery of the convergence zone in
this case, the precipitation was rather showery in
the beginning but was more of a continuous type
later with much diminished intensity. At Bhopal,
a station sitnated in the same monsoon-air sector,
but still further away from the convergence zone,
there was only a brisk shower.

Another strong low-level convergence zone
(strength of monsoon current and easterlies at
0-9 km a.sl. greater than 15 kt near the zone)
which formed on 26 August 1955 is shown in Fig. 7
along with the self-recording raingauge charts of
the relevant stations. This convergence zone was
associated with a Bay depression centred near
18}°N/851°E in the morning on this day. In
this case, Jagdalpur situated inside the convergence
zone experienced two spells of very intense rain
accompanied by thunder. The character of rainfall
at Jagdalpur was, therefore, more or less akin to
that of Jabalpur, Raipur and Jagdalpur of the
previous case (see I'ig. 6) which were also situated
inside a similar convergence zone. Again in this
case also Nagpur, situated in the monsoon-air
sector and slightly away from the western
periphery of the convergence zone, experienced
only a brisk shower for a short while. Thus,
the nature of precipitation at Nagpur, in both
these cases, being similarly situated with respect
to the convergence zone was more or less identical
except that in the former case continuous type of
precipitation followed the initial brisk shower. The
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nature of precipitation at Bhopal on both the
occasions was also more or less identical, being
similarly situated in relation to the convergence
zone,

When, however, the strength of the monsoon
current, as well as the easterly current is feeble
(less than 15 kt), the low-level convergence zones
which form on such occasions are also rather weak
in character and the distinguishing features in
the nature of rainfall at stations situated within
and slightly away from the convergence zones no
longer exist. 1t will be seen from the self record-
ing charts of Raipur, Jagdalpur and Nagpur
(Fig. 8) situated in and near a weak convergence
zone that the rainfall at these stations is characteris-
ed by one or two showers only. The total amount
of precipitation at each of these individual sta-
tions is also considerably less as compared to that
of similarly situated stations of a strong conver-
gence zone,

(b) Utility in local forecasting — From the special
characteristics of rainfall described above, their
utility for local forecasting becomes immediately
apparent. For aerodrome stations where short
term accurate forecast is of particular importance
for guiding the flying activity at the station it will
be seen from this study, that the duty forecaster
will be able to form a picture about the trend of
weather at his station depending on the location of
the station with reference to the convergence zone.
Thus, at a station situated 100 to 200 km to the
west of a strong north-south convergence zone
which is moving, say westwards, one can expect
light showers in the beginning but after a few hours
heavy or very heavy showers can be expected at the
same station. However, in the case of the weak
convergence zone when the strength of the monsoon
current and the easterlies does not exceed 15 kt,
the forecaster will be able to infer that the location
of his station with reference to the zone will not
make much difference to the character of rain
which can occur at the station. The rainfall in
this case will be light and characterised by one or
two showers only.

This study shows that a watch on the synoptic de-
velopment and movement of low-level convergence
zones gives one a clue to the character of rainfall
that can be expected at a station depending on its
location with respect to the convergence zone.
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