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ABSTRACT

A low pressure system from the southwest Bay of Bengal between 8—10 June, 1991 brought heavy and continu-
ous rainfall over different parts of Maharashira. This 3—day heavy rainspell over Maharashtra has been analysed to
assess its magnitudes of point as well as areal rainfall, The analysis showed that there were 74 stations which received
I-day total rainfall during 3—10 June exceeding their respective normal June rainfall. The arcal raindepths obtained
from the rainstorm of June, 1991 have been compared with similar data of past severe rainstorms of the region which
showed that June, 1991 rainstorm yielded higher magnitudes of raindepths upto certain size of areas. A relationship
has also been developed between point to areal rainfall of this rainstorm for 1-3 day durations for obtaining arcal

raindepths.
Key words: Heavy rainfall, Raindepth, Point rainfali, Areal rainfall
I. INTRODUCTION

During the onset phase of the southwest monsoon over the Maharashtra state in early
June, 1991 heavy rainfall were reported by many stations during 4 to 11 June due to the pas-
sage of a low pressure system, persistence of a cyclonic circulation extending upto
mid—tropospheric level and a trough along west coast between Maharashtra—
Goa—Karnataka regions. Rainfall was, however, found to be very heavy during 8 to 10 June,
1991. This heavy rainfall claimed 74 human lives and disrupted rail and road communications
over different patts of the Maharashtra state for a number of days.

Considering the incidence of heavy rainfall experienced by many stations over
Maharashtra during 8—10 June, 1991, an attempt has been made in the present study to ana-
lyse this heaviest 3—day rainfall episode and present the salient features of the analysis so that
the information given in this study may be useful to various agencies dealing with planning
and designing of water resources projects in this state.

II. RAINFALL DATA USED

i) Daily rainfall data of state raingauge stations numbering 260 distributed uniformly
over different parts of Maharashtra state were collected from the Agriculture Department,
Pune for the period 5 to 11 June, 1991.

i) The following information has alsc been obtained from the Weather Central, IMD,
Pune:

a) Rainfall data of ‘5 to 11 June for 15 observatory stations in and around the
Mabharashtra state, b) Surface pressure charts of 8 to 10 June, 1991 at 3 UTC and c) Upper
wind charts of 8 to 10 June at 500 hPa at 3 UTC.

iii) The INSAT-1 D cloud pictures over Indian region for the period 7 to 10 June have
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Fig. I. Surface pressure charts at 3 U.T.C. of 8,9 and 10 June, 1991,

been obtained from the DGM’s Office, IMD, N. Delhi,
The rainfall data mentioned above have been used as the basic input for the analysis of
the present study. .

I, METEOROLOGICAL SITUATIONS RESPONSIBLE FOR CAUSING HEAVY RAINFALL DURING §
TO [0 JUNE, 1991 OVER MAHARASHTRA

The following meteorological situations were found to be responsible for causing heavy
rainfall over Maharashtra state during 8 to 10 June:

1) A low pressure system originating from the southwest Bay of Bengal moved through
the Maharashtra state whose centre was located at different positions over the state on differ-
ent days. The position of this low pressure area over the state can be seen from the surface
pressure charts of 8, 9 and 10 June, 1991 at 3 UTC (see Fig. 1).

A cyclonic circulation extending upto mid—tropospheric level was persisting over the
state during all the 3—day period of 8 to 10 June. This mid—tropospheric cyclonic circulation
is shown on the 500 hPa upper wind charts of 8, 9 and 10 June (see Fig. 2). It seems that the
low pressure system may be considered as a reflection or downward penetration of the
mid—tropospheric cyclonic circulation and

it) A trough along Maharashtra—Goa—Karnataka coasts was positioned on 10 June. This
trough off the west coast can be seen in Fig. 1.

The above meteorological situations resulted in formation of dense rain bearing cloud
over the region of the state which caused heavy rainfall during 8 to 10 June. INSAT-1D
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Fig. 2. 500 hPa upper wind charts of 8,9 and 10 June, 199].

satellite cloud pictures of 7 to 10 June (Figs. 3 a,d} show clearly the overcast clouds over the
Maharashira region on these days.

[V. RAINFALL CLIMATOLOGY OF MAHARASHTRA

The state of Maharashtra situated south of 22°N experiences extremes of rainfall during
the monsoon months of June to September ranging from more than 600 cm over the Ghats to
less than 50 ¢m in Madhya Maharashtra. The southwest monscon normally sets in over
Kaonkan by 8 June (Rao, 1976), covers the entire state by about 12 to 13 June and withdraws
by early half of the second week of October. The monsoonal rainfall of heavy to very heavy
nature over the state are generally found to be associated with meteorological situations like
i) the passage of depressions / ¢yclonic storms from the Bay of Bengal or the Arabian Sea,
ii) passage of low pressure systems across the state and iii} active monscon conditions. The
mean monthly rainfall and number of rainy days based on 80 years (1891 to 1970) rainfall
(Kulkarni, 1991) data of stations in the 4 meteorological sub—divisions of Maharashtra for
the monsoon months and the season as a whole are given in Table 1.

From Table 1 it is seen that July and August months are the principal rainy months over
the state.
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Fig. 3 aand b. INSAT—1D Satellite cloud patterns showing the dense avercast over Maharashira
associated with the passage of low pressure system of 7 to 8 Junc, 1991.

¥. RAINFALL DISTRIBUTION ASSOCIATED WITH THE RAINSPELL OF 8-10 JUNE, 1991
1. Observed Heaviest Rainfail during 8—10 June

Meteorological situations as mentioned in Section Il above caused heavy rainfall over
different parts of Maharashtra during 8 to 10 June. Stations which received 3—day {8 to 10
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June) total rainfall of 70 cm or more from the Konkan region and 30 cm or more in 3 days for
stations from Madhya Maharashtra, Marathwada and Vidarbha regions are shown in Table
2. This table shows that there were 7 stations in the Konkan region which received 70 cm or
more rainfall in the 3~day period while there were 9 stations from the Madhya Maharashtra,
4 stations from the Marathwada and 1 station from the Vidarbha region which received 30
cm or more rainfall in 3 days.

Fig. 3 c and d. INSAT-1D satellite cloud patterns showing the dense overcast aver Maharashtra
associated with the passage of low pressure system of 9 and 10 June, 1991.
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Table 1. Monthly Normal Rainfall (cm) of June to September and Mumber of Rainy Days for 4 Meteorological

Sub—divisions of Maharashtra (1891-1970}

Jun. I . ] X .
Sub-division un. Ju Aug Sept Jun. to Sept.
(cm) {em) (em) {cm} (cm)
64.3 169.7 67.0 355 276.5
Konkan
(16.5) (25.9) (16.6) (19.9)
16.1 313 31.0 169 953
Madhya Maharashtra
(7.6) (12.4) [bA)] 3.3)
14.3 19.3 16.6 19.9 70.1
Marathwada
77N {11.3) ©.5) (8.9}
i 16.4 325 255 19.0 934
Vidarbha
(8.8) (152 (12.2) 9.2)

Note: Figures in brackets are number of rainy days.

Table 2. List of Stations Which Have Recorded 3—day Total Reinfall of 70 ¢m or More in Konkan and >»30 cm for

Statjons in Other Sub—divisicns of Maharashira

Sr. Mame of the Rainfall {cm) Total 100—year
3—duy l—dgy
No. station B/6 9/6 /6 rainfall rainfall
(cm) {cm)
Sub—division: Konkan (3—day total rainfall>>70 cm}
1. Devrukh 30.3 EYRY 17.1 95.2 358
2. Mandangad . 453 31.4 154 92.1 421
3. Dapoli 7.6 283 357 7.6 33.2
4. Mhasala 212 375 1.5 83.2 -
5. Murud 18.0 36.2 28.8 83.0 -
6. Alibag 214 352 37.7 94.3 394
7. Bombay (Colaba) 12.8 07 278 100.3 434
Sub~—divisions: Madhya Maharashtra, Vidarbha, Marathwada
{3—day total rainfall>>30 cm)
8. Igatpuri 57 322 39 41.8 40.5
9: Chalisgaon 56 164 8.2 302 18.5
10. Bhor 10.0 4.8 6.9 317 191
11. Lonavala 203 18.7 18.3 513 51.7
12. Purandar 119 1.5 7.0 304 -
13. Medha 10.6 123 4.0 321 172
14. Mahabaleshwar 12.4 389 6.9 58.2 -
15. Rati 100 12.% 1.5 30.0 223
16. Shahuvadi 14,5 12.1 7.4 340 -
17. Radhanagari 14.6 113 4.5 30.4 4.1
18. Gaganbavada 3.0 4.5 126 . 452 41,1
1%, Aurangabad 8.6 9.5 13.9 320 19.8
20. Chikhaithana 39 157 11.1 307 -
21. Khuldabad 22 226 231 479 -

Note: Underlined rainfall values show that 1-day heaviest tainfall of the station has exceeded its 100—year i—day

rainfall.
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Fig. 4. Histogram shows mean June rainfall (cm) and three—day total rainfall (8—10 June, 1991},

The highest 1—day rainfall of 47.8 cm (see Table 2) was recorded at two stations viz.
Bombay (Colaba) on 10 June and Devrukh, a station in the Ratnagiri district on 9 June
respectively. The 2—day and 3—day heaviest rainfall was recorded at Bombay (Colaba) which
were 87.5 cm (9—10 June) and 100.3 cm (8—10 June) respectively.

Highest 1—day rainfall of stations given in Table 2 have been compared with their
respective estimated 100—year 1—day maximum rainfall (Dhar et al., 1980; Rakhecha st al,
1992). It is seen from Table 2 that the highest 1—day rainfall of 5 stations during 8—10 June
have exceeded their respective 100—~year 1—day rainfall.

2. 3-Day Total Point Rainfall and Their Comparison with Normal June Rainfal!

Normal June rainfali of stations in Maharashtra was extracted from the normal rainfall
publication (IMD, 1962) and the same have been compared with their respective 3—day total
rainfall received during 810 June, 1991 in order to sec whether the 3—day rainfall at these
stations have surpassed their normal June rainfall. Stations which received 3—day {8—10 June)
total rainfall more than their respective normal June rainfall have been picked out. Fig. 4
shows the rainfall of these stations which received 3—day rainfall more than their respective
June normal rainfall, alongwith the 3—day total rainfall and their corresponding mean June
rainfall with the help of histograms. The shaded part in the histogram shows the extent of ex-
cess rainfall eaceived by the stations in 3 days as against its normal June rainfall. This Fig.
shows that there were as many as 74 stations over different parts of Maharashtra which re-
¢ceived 3—day rainfall more than their respective normal June rainfall. Among these 74 sta-
tions, 12 stations were from the Konkan region, 40 stations from the Madhya Maharashtra,
18 stations from the Marathwada and 4 stations from the Vidarbha region. 1t was aiso seen
that among these 74 stations, there were 16 such stations which received twice or more than
their respective normal June rainfall just in the 3—day period of 8—10 June (see Fig. 4). It is al-
so seen (hat there were maximum number of stations from the low rainfall belts of Madhya
Maharashtra and Marathwada regions which have exceeded their normal June rainfall during
this 3—day period.

3. Depth—Area—Duration { DAD} Analysis of 8~10 June, 1991

The rainstorm of 8—10 June, 1991 has been analysed by DAD method for maximum 1, 2
and 3—day following the procedure as laid down in WMO (1969) and IMD (1972) manuals
on Hydrometeorological anatysis of rainstorms. The purpose of DAD analysis of a rainstorm
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Fig. 5. Isohyetal pattern of one—day (9 June, 1991) Fig. 6. Isohyctal pattern of two—day (8—% June, 1991)
rainstorm cell along the coastal region of Maharashtra, rainstorm oell along the coastal region of Maharashtra.

is to work out its average raindepths over different size of areas yielded by that rainstorm in a
specified interval of time. Such areal raindepths are often used for planning and designing of
water resources projects of the region concerned.

On large scale base maps showing all raingauge stations and contour heights, rainfall da-
ta of 3 to 10 June for maximum 1,2 and 3—day durations were plotted separately and isohyets
at suitable intervals were drawn by interpolation between stations rainfall values and thus
isohyetal maps were prepared.

Tt was seen that there were two separate cells of the June, 1991 rainstorm, one cell over
the plains in the Marathwada region and other along the coastal region. Figs. 5 to 9 show the
isohyetal patterns of 1,2 and 3—day durations of this rainstorm over plains as weli as over the
coastal region. The centre of this rainstorm cell along the coast for 1—day (9 June) and 2—day
(89 June) was at Devrukh (Lat. 17°03, long 73°27’) which recorded rainfall of 47.8 cm and
78.1 cm respectively (see Figs. § & 6). Figs. 7 & 8 show the isohyetal patterns of this rainstorm
cell over the plains with centre at Khuldabad (Lat, 20°01’, Long. 75°11"} which recorded
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Fig. 7. Isohyetal paticrn of one—day (10 June, 1991) rainstorm cell over the plains of
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Fig. &. lsohyewal pattern of two—day {(9—10 June, 1991) rainstorm cell over the plains of
Maharashtra.
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Fig. 9. Isohyetal pattern of 3~day rainstorm of 8—10 June, 1991 over Maharashtra,

1—day (10 June) and 2—day (9—10 June} rainfall of 23.1 cm and 45.6 cm respectively. Fig. 9
shows the 3—day rainstorm patterns with two separate cells. The 3—day rain centre for the
coastal cell was at Bombay {Colaba) which recorded 100.3 cm of rainfall while over the plains
it was over Khuldabad which recorded rainfall of 47.9 cm.

All the above isohyetal maps have been analysed by DAD technique. Average raindepths
obtained for different durations over different size areas upto 50.000 km? have been worked
out and the same are given in Tables 3 and 4.

It may be worth mentioning that Kulkarni et al. (1991) while analysing the severe
rainstorm of 23~25 July, 1989 over Maharashtra had also found two separate cells similar to
June, 1991 rainstorm. The DAD values of June, 1991 rainstorm cell along the coastal region
have been compared with DAD data of 23-25 July, 1989 rainstorm (coastal cell) with centre
at Bhira and 1-3 July, 1941 rainstorm over north Konkan—south Gujarat with centre at
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Dharampur (see Table 3). From Table 3 it is seen that the DAD values of June, 1991
rainstorm were higher than those of 3—day July, 1989 rainstorm upio an area of 20,000
km’®. It is, however, seen that the magnitudes of raindepths of June, 1991 rainstorm were
much less when compared with similar raindepths of 1-3 July, 1941, the most severe
rainstorm of India (Dhar et al, 1984). The July, 1941 rainstorm is the most severe rainstorm in
India and its areal raindepths have been exceeded the raindepths of severe rainstorms of trop-
ical USA and Australia {Dhar et. al., 1984). The DAD values of June, 1991 rainstorm cell
over the plains have been compared with DAD values obtained from the 23—25 July, 1989
rainstorm cell over the plains with centre at Bhir (see Table 4). From Tabie 4, it can be seen
that 2—day and 3—day raindepths of June, 19%] rainstorm were higher than those of July,
1989 rainstorm upto an area of 2000 km” and 3000 km” respectively. From a perusal of the
comparison of DAD data of severe rainstorms given in Tables 3 and 4, it can be said that al-
though the June, 1991 rainstorm is not the most severe one but it may be considered as one of
the severe rainstorms over the Maharashira state.

Table 3. Comparison of 1,2 and 3~day DAD Statistics {cm) of Severe Rainstorms over the Coastal Region of

Maharashtra
Areas -3 Rly, 1941 23-25  July, 1989 8-19 June, 1991
(km?) 1-day 2—day I—day 1—day 2—day 3—day 1--day 2—-day 3—day
2 2-3 1-3 24 234 23-25 9 8-9 8-10
Point 988 127.0 1448 1.3 74.9 95.7 4T.8 78.1 100.2
100 96.5 126.0 142.0 66.0 4.0 94.0 46.0 76.0 93.0
200 94.0 124.5 141.0 61.0 73.0 91.0 4.0 74.0 97.0
560 90.4 122.5 138.0 515 722 86.0 43.0 53.0 93.0
1,0 84.5 118.0 133.5 47.0 71.0 835 41.0 650 90.0
3000 71.7 105.0 123.5 382 64.5 76.0 375 59.0 8290
5,000 65.0 97.0 117.0 352 59.7 7LD 35.0 56.0 710
10,000 53.5 83.2 104.5 20 525 64.0 320 52.0 70.0
20,000 42.5 66.0 86.0 28.0 46.5 56.2 275 45.5 58.5
30,000 360 55.5 75.5 250 41.7 510 245 395 50.5
40,000 30 48.0 66.5 - 38.2 46.0 20.5 34.0 450
50,600 275 43.0 59.0 - M9 42.0 18.0 2.5 40.0

V1. RELATIONSHIPF BETWEEN POINT TO AREAL RAINFALL FOR ESTIMATING AREAL
RAINDEPTHS FROM POINT RAINFALL

The isohyetal patterns of the rainstorm show that the maximum rainfall intensity is at its
centre and outside this rain intensity gradually decreases. Maximum rainfall at the centre of
the rainstorm appears to bear a definite relationship to the average amount of rainfall inside
the area enclosed by an isohyet. Dhar and Bhattacharya (1977) have developed a non—linear
mathematical relationship which relates point rainfall of a rainstorm to areal rainfail by con-
sidering all the major rainstorms which occurred in different parts of north India by consider-
ing rainfall data of 80—year period. Similar relationship has been obtained for June, 1991
rainstorm by considering 4 recent rainstorms (i.e. 23—25 July, 1989; 22-23 August, 1990;
8—10 June, 1991 and 2-3 September, 1992} over Maharashtra. The relationship can be ex-
pressed as
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p=p_ ",
where P is the average rainfall over an area A, P,, is the maximum peint rainfall experienced
in the rainstorm area and & and n are constants whose values vary with the duration of a

rainstorm.
Process of obtaining the average rainfall (P)

P=pP, "
I
Let Y 7 €
1t can be written as
Po  par
F =e
Taking logs both sides
P .
long =kA" logce .
Again taking logs both sides

P
logmlong:"- =log,pklog,,e + nlog, 4 .

Let us suppose
log g klogwe=a ,

P
logmlc}g.oTI =g +nlogd .
. P,
By plotting logmlogw—f—,— W logAd ,

we get straight line. By finding the slope, the constants ¢ and » are calculated, by knowing the
values of 2 and n, the value of k 15 determined. _

By substituting the values of & and » for different areas (A), the average rainfall (P) is
calculated for 1,2 and 3—day duration.

The depth—area model of 1,2 and 3—day rainstorm of June, 1991 patterns which occurred
over the coastal region and that over the plains have been obiained separately and the same
are reproduced as below:

For castal area region:

1—day P, =p, e 2080

2—day P, =
3 —day F’_, =P ;e

T

P.e — 0.0097(AY 42
m2

1

— 0.0003A)" ™"

For plain area region:

F] =P, e—o.mumw"”
m

1 —day
l_day Fz = Pme—o.m.()ﬂ-h i

3-day By = Ppye oWt
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The above relationships can be used to convert the rainstorms central rainfall 1o areal
rainfall. Raindepths obtained by using the above relationships for 1,2 and 3—day durations of
June, 1991 rainstorm cell over the coastal region are found to be in close agreement with those
obtained by DAD technique up to an area of 10,000 km®. These relationships, however, hold
good upto an area of 5000 km? for the raindepths abtained from this rainstorm cell over the
plains. Table 5 shows comparison of DAD values obtained by actual analysis and by the
model technique for 3—day rainstorm of 810 June, 1991.

Table 4. Comparison of 1.2 and 3—day Raindepths (cm) of §—10 June, 1991 Rainstorm and 23—235 July, 198%
Rainstorm over Maharashtra Plains

Areas 23-25 July, 1989 8—10 June, 1991
Centre: Bhir Centre: Khuldabad
(km?) 1—day 2-day 3—day 1-day 2-day 3~day
24 23-24 23-25 i a-10 8-10
Point 34.6 380 392 231 45.6 479
100 335 3748 391 229 45.0 47.5
200 32.8 37.8 390 22.7 44.7 47.0
500 39 378 389 225 42.2 44.0
1,000 28.6 374 3R8 218 38.0 42.5
3,000 229 36.7 38 200 4.5 38.1
3,000 20.7 36.0 37.5 18.8 32.0 353
10,000 186 34.6 36.1 16.8 27.0 313
20,000 17.0 323 337 14.0 220 26.3
30.000 16.3 304 31.7 12.1 19.0 237
40,000 i5.8 289 29.8 10.5 17.0 n.7?
50,000 15.3 1.5 28.3 9.4 15.0 210

Table 5. Comparison of DAD Values Obtained by Actual Analysis and by the Model for 3—day Rainstorm of 8—10

June, 1991
) Areas Coastal storm Plain area  storm
DAD values DAD values DAD values DAD values
(km?) Actual by Model Actual by Model
{cm) (em} (cm) {cm)
Point 106.2 100.2 47.9 47.9
100 99.0 99.1 47.5 47.4
200 93.0 93.3 46.8 47.0
500 95.0 96.4 44.0 45.9
1,000 92.0 938 424 4.3
3.000 830 85.8 380 394
5,000 770 79.6 354 354
10,000 65.0 67.5 315 217

VIL SUMMARY AND CONCLUSIONS

From the foregoing the following facts emerged from the present study:
i) The heavy rainfall over different parts of Maharashira during 810 June, 1991 was caused
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due to the meteorological situations i.e. passage of a low pressure system, persistance of
mid—tropospheric cyclonic circulation and a trough off the west coast between
Maharashtra—Goa—Karnataka.

i) There were 74 stations over the Maharashira state which received 3—day total rainfall dur-
inng 8—10 June, more than their respective normal June rainfall. 15 such stations received
twice or more than their corresponding normal June rainfall during these 3 days.

iii) The 3—day (8~19 June} total rainfall at Bombay (Coloba) of 100 cm has established a new

record for 3—day duration for this station.

iV) Comparison of DAD values of June, 1991 rainstorm with other past severe rainstorms
has shown that the 2 and 3—day rainstorm of June, 1991 has yielded higher raindepths
than those obtained from July, 1989 rainstorm upto cerlain size of areas. However,
raindepths of July, 1941 rainstorm were much higher than those of June, 1991.

V) A relationship each for durations of 1,2 and 3—day has been developed between point to
areal rainfall for obtaining areal raindepths from central point rainfall for the rainstorm
patterns over the coastal region and the patterns over the plain. The ralationship applica-
ble for the coastal region holds reasonably good upto an area of 10,000 km” while the re-
lationship for the plains can give good estimate upto 5,000 km® area.
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