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TABLE 1

Frequency of main synoptic situations that breught in
southwest monsoon over Orissa

S.  Main synoptic situations
No. bringing monsoon over Year
Orissa

Percentage
of vear

Depression/deep depres- 1975, 1979,
sion over Bay of Bengal 1981, 1983,
or adjoining land areas 1988, 1989

=6 vears

Low pressure area in Bay 1976, 1977.
of Bengal or adjoining 1978, !980.
land arcas 1985, 1987

=6 years

3. Other systems such as :

(i) Trough of low pres- 1982
sure on sea level =1 wr

(i) Upper air trough in 1984
the lower tropo- =1 yr
spheric levels

(ifi) Upper air cycir in the 1986
lower/middle tropo- =1 yr
spheric  levels (Total—3 yrs)

NB — The synoptic situations enumerated above relate to the
periods of onset of monsoon

It is szen that simultaneous occurranee of an cnsel
event over Kerala and Orissa is early on ne occasion
normal on about 609, of the occasiors and late on about
13% of the occasions. Hence, this shows that on about
73%, of the occasions, the onset events over Kerala and
Orissa are in phase.

Fig. | represents diagramatically the onset dates of
monsoon over Kerala and Orissa during the last 15 years
period (1975-1989). It is se2n that the normal and
late onset of monsocn ovar Orissa is generally in phase
with that of Kerala.

The occasions. though rare when the onsetevents over
Orissa and Kerala are not in phase may be seen in Fig. 1.

The difference between normal onset dates over Kerala

and Orissa is 16 days. It is seen that on 8, ie., 537,

occasions the difference batween the onset dates between
Kzrala and Orissa is less than 16 days.

4. The syncptic systems associated with onset of
monsoon over Orissa in different vears during this 15
years pericd (1975-1989) ar2 studied and indicated in
the Table |.

Thez mean monsoon onset date for Orissa of 17 June
with standard deviation of 5 days differs from the nor-
mal date of 10 junz onset of monsoon over Orissa.

The differzncz beiwzen the actual and mean onset
dates for Orissa and Kerala and the cerrelation coefii-
cieni havz bzen computed.  The result is that the onset
of monsoon over K=rala io that over Orissa is corrzlated
with a corizlation cozfficiznt of 0_54 signifying that the
events are positivzly corrzlated.

To verify ihz above results for the year 1990, it is
noticed that the monsoon set in over Kerala on 28 May
1990 and cver Orissa on 13 June 1990, thereby indicating
that both the evenis havz occurzd as early as 4 days
irom the nermal dat2.  This is in agreement with the
above conclusion. that the events are in phase, ie.,
zarly ons:t over Kerala is followad by early onset over
Orissa,

5. The authors are gratzful (o Shri M.C. Sharma of
Mzteorological Officz, Punz for providing onset dates
over Orissa prior to 1978 and Shri C.M. Barma, Region-
al Director (sincz retired) for providing 1.M.D. publica-
tions at R.M,C., Calcutta, Thanks are also due to S/Shri
P. Sengupta and S. Dasgupta for collecting synopiic
data and Shri D.S. Patil l'or iyping the manuscript.
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Figs.1 (a & b). (a)

Average hezavy rainfall amount and (b) No. of occurrence of heavy rainfall for the

year 1977 to 1987 from June to Seplember

TABLE 1

Percentage of occurrences of heavy_and very, heavy rainfall

Rainfall Jun Jul Aug Sep
Heavy 10 25 47 I8
Very heavy 9 15 66 10

2. Discussion of results — The occurrences of heavy
rainfall were 10°, in June. 25" in July, 479 in August
and 18°, in September. The corresponding figures for
very heavy rainfall are 9%, 15%. 66°, and 107 for the
respective months. The highest frequency of heavy
and very heavy rainfall is found in August.  The inten-
sity of heavy rainfall and number of occurrences has
a well defined maximum over central parts of Madhya
Pradesh in July, August and September [Figs. | (a & b)].

Onset of monsoon takes place in the month of June
over southeast M.P. and then progresses northwards
but does not cover the entire state before the end of
June for some years, Thus, the maximum intensity
and occurrence of rainfall can be expecled over southeast
M.P. in June. In July the intensity of maximum rain-
fall over Bhopal and neighbourhood is unambiguous as
is evident from the figure that the maximum is over a
strip running from southeast M.P. to northwest M.P.
through central parts of the State. Frictional convergence
and pressure gradient contribute towards more rainfall
activity in the southern parts of the State. Figures
for the month of August very distinctly bring out the
maxima over Bhopal and neighbourhood in intensity

and occurrence. The extension of the intensity is due
to more westwards extension of systems in August as
compared to other months. The monsoon trough
shifts little southwards. Chances of reaching the
systems beyond 75°E is more in August (Rao 1976).
When depressions weaken the resulting lows persist for
a day or two before filling up. The number of days of
such lows are more in August (Srinivasan ef «/. 1971).
It is remarkable to note that the number of occurrences
in August over the region of maxima is three times that
of other months. Fluctuations of yearly variation of
heavy rainfall is maximum in August probably because
of “*break in monsoon™ which is having maximum fre-
quency in August. It was confirmed from 250 case
studied that systems reaching over northeast Madhya
Pradesh are 509, of the total number of systems in
August (Ganeshan 1985). For the month of September
the intensity and number of occurrences is having a
maxima over central par!s with extension towards
northeast. In September a large number of systems
recurve towards north or northeast on reaching central
Madhya Pradesh with consequent shift in the rainbelt
from southwest to north/northeastern sector. Four
months average rainfall for the entire 11 years period
brings out distinctly that the intensity and frequency
of maximum rainfall is over central parts of Madhya
Pradesh.

The variation of intensity and frequency of very heavy
rainfall were studied in the light of antecedent synoptic
situations. The systems lay over NE M.P. (north of
22°N  and east of 80° E) give tise to very heavy rain-
fall over central parts of the State. It is noteworthy
that systems give rise very heavy rainfall 200 km away
from the centre in the left forward sector. Iess rainfall
is recorded close to the centres. Systems reaching east
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TABLE 2

No. of occurrences of daily very heavy rainfall (cm) over M.P. in June to September during 1977 to 1987 for ranges
13-17, 18-22, 23-27 and 28-33

June July
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Division ae

Gwalior
Chambal
Bhopal
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Ujjain
Sagar
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Jabalpur,
Bilaspur
Raipur
Bastar
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central MAP. are influenced by orography as Vindhya-
chal and Satpura ranges lie on the either side of their
track causing increased convergence.

A case study for the systems over the Head Bay
during 20-22 August 1981 was conducted. On 20th
evening a low pressure area was formed over North
Bay with associated upper air circulation extending up
to 7.6 km. a.s.l. On 2l1st it was over North Bay and
- adjoining West Bengal. A trough was extending from
the low westwards as far as up to Gujarat.

This well marked low pressure area in association with
the trough extending up to middle tropospheric levels
produced strong convergence, south of the trough line
give rise to very heavy rainfall over Rilaspur and Raigarh
on 22nd.

The results of the study together with the associated
synoptic situations shows that -

(i) Systems over East Madhya Pradesh. north of
22° N and east of 80° E cause very heavy rainfall
over Bhopal division and neighbourhood. 50, of the
systemsin August are associated with the M.T.C. over
Gujarat and neighbourhood. The percentage number
of systems reaching northeast Madhya Pradesh are
387 of the total number of systems. Monthwise study
show that August has got 67% of such systems as
compared to other months,

(ii) 80%, ol very heavy rainfall over Indore and
Ujjain divisions is due to well marked systems reaching
over cenfral parts of Madhya Pradesh and the remaining
207; is due to systems lying as M.T.C. over Gujarat
and neighbourhood. Another finding is that 90°/ of

the system giving very heavy
and Ujjain are in August,

rainfall  over Indore

(7if) Gwalior and Chambal divisions receive very
heavy Tainfall when the systems are over the region
itself or over SE of the regions.

(iv) Sagar and Jabalpur divisions received Very
heavy rainfall when the systems are over extreme
northeast M.P. or over the Head Bay. 507, of the
systems over Head Bay are associated with M.T.C. over
Gulf of Cambay.

_(v) 607, of very heavy rainfall over Bilaspur and
Raipur divisions are due to systems lying over Head
Bay. as can be seen from the case study.

(vi) 80%, of the cases of very heavy rainfall for
Bastar and Raipur divisions are due to systems over
northwest Bay and 207, are due to systems lying over the
region itself or its neighbourhood.

Table 2 shows that 667, of the occurrences of very
heavy rainfall are in the month of August. July re-
cords 15°,, September 10%, and June 9%. In June

there are no cases of very heavy rainfall over Gwalior,
Chambal, Ujjain and Sagar divisions. Bastar division
is free from very heavy rainfall in July and September. In
September the occurrence of very heavy rainfall is highest
in Rewa division with 7 cases followed by Gwalior
with 6 cases and Raipur with 3 cases. Bilaspur and
Sagar records 2 cases each and other divisions I each.

3. Conclusion — 1t is observed that {requency of
occurrence of heavy rainfall is highest in August and
lowest in June. Very heavy rainfall also show a similar
trend. Spatial distribution of heavy rainfall shows
maximum over central Madhya Pradesh both in intensity
and frequency. Month to month variation shows that
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the 477, of heavy rainfall occured in August alone and
other three months account for the remaining 53°,.
Corresponding figures for very heavy rainfall are 66 ",

and 34°%. Study of synoptic situations reveal that
systems over northeast Madhya Pradesh. north of 22°N
and east of 80° E give rise to very heavy rainfall over
Bhopal and neighbourhood. 95°% cases of very heavy
rainfall are due to low pressure areas rather than de-
pressions and cyclonic storms. 677, of such systems are
in the month of August. In the month of September
there is maximum [requency of very heavy rainfall over
extreme NE M.P.

References

Das, P.K., 1988, Monsoon, pp. 53-57.

Ganeshan, G,S., 1985, Mausam, 36, p. 101.

Rao, Y.P., 1976, Southwest monsoon, India Met. Dep. Monogr..
p. 109

Srinivasan, V., Raman, S. and Mukharji, S., 1971,
Monsoon-Typical Situations over Madhya
Vidarbha,” India Met. Dep. FMU Rep. [11-3.4.

“Southwest
Pradesh and

D. P. DUBEY

M eteorological Centre, Ahmedabad

T. K. BALAKRISHNAN
Meteorological Office, Pune
13 February 1988




