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Rainfall over lakes around Bombay

AT — T ST 7 s aT qut #y sy far & e @
F1 TEAAT T FT AT FRAT T & 1 2@ ema & fog aferone e q
Saxu® 1956 & 2299 & wiws faq aw & | fHT g FNATET | 1T FTHST
T wg 2w awt & arTT Al
mfwéfﬁaﬁrﬁméusﬁﬁﬁmﬁm%wiﬁwﬁmwrmmﬁar':’r

qaé et fargre S @ oy Al & AHS AT
§ qerr #7 18 § | i, W, geafed

a7 o frmawor e AT €1

ABSTRACT. An attempt is made in this paper to
lakes .around Bombay so as to develop a climatology
years data for the four lakes, viz., Tansa, Tulsi, Powai and
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study the various rainfall characteristics of the
for the lake rainfall, The study covers fifty
Vehar and 22 years data for Vaitarna

from 1956 for southwest monsoon period in comparison with Colaba. Many conclusions based on

statistical studies have been arrived at by

analysing monthly, seasonal, pentad and daily rainfall

normals. Analysis of the daily actual rainfall for lakes and Colaba has also been considered with a

view to find out

1. Introduction

Bombay city and suburbs get their water supply
chiefly from the five lakes, viz., Tulsi, Tansa, Powai,
Vehar and Vaitarna. June, July, August and September
are the chief rainy months for the country as a whole.
Though monsoon is a natural phenomenon which is
still beyond human control, any scientific information
such as onset, duration, intensity etc will be of great
use in proper water management and budgeting,

2. Physical features

Powai, Vehar and Tulsi lakes are situated in the
northern suburbs of Bombay, whereas Tansa and
Vaitarna lakes are situated to the north in Thane dist-
rict. Fig. 1 gives the geographical map of the lakes
and Table 1 gives the general information regard-
ing the lakes, like distance from Bombay, the year in
which the lake was put into commission and the like.

3. Data utilised

The daily rainfall data for the four lakes, viz., Tansa,
Vehar, Tuisi and Powai for the period 1901 to 1950
‘have been collected from the Municipal Corporation,
Bombay. The data for Vaitarna were available only
from 1956, when the lake was commissioned. Since
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the percentage occasions of heavy rainfall over lakes.

the period for which data are available is different,
Vaitarna has not been included in the study for com-
parative purpose with Colaba. However, a separate
note is added at the end covering the rainfall features
for Vaitarna lake.

4. Analysis and results

Lake rainfall climatology has been developed in
three parts :
(i) Monthly and seasonal rainfall with number
of rainy days,
(ii) Pentad rainfall and
(iii) Daily rainfall.

Normal date of onset of monsoon over lakes has been
taken as 10 June which is also the normal date for
Colaba.

4.1. Normal monthly rainfall

Mean monthly rainfall for the four lakes for the
period 1901-1950, along with the seasonal totals have
been calculated for the months June to September and
season as a whole and are given in Table 2. Many
important conclusions can be drawn from the table.

" The rainfall during the month of June is generally of

the order of 40-50 cm; the contribution to the seasonal
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TABLE 1
General information about the lakes
Particulars Tansa Tulsi Vehar Powai
Distance from Bombay 106.21 35.4 28.96 27.35
(in km)
Year in which the lake 1892 1879 1859 1890
was put into commission ’
Catchment area (in sq. km) 135.38 6.76 18.96 6.61
Quantity of water supplied 418 14 91 Not used
to Bombay (in M.L. for
per day) potable
purpose
TABLE 2
Mean monthly rainfall in (mm)
Months
Lake - A Seasonal
Jun Jul Aug Sep
Tansa 400.1 984.2 600.7 327.4 2312.4
an 43) (26) 14
Tulsi 573.1 967.4 567.4 352.7 2460.6
23 (39 23. 4
Vehar 515.6 774.4 452.3 310.9 2053.2
25 (38) 22) s
Powai 519.1 809.8 447.2 315.5 2091.6
. @25 (39 @D (15)
Colaba 464.9 613.5 329.0 285.9 1693.3
@n (36) a9 an
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RAINFALL OVER LAKES AROUND BOMBAY , 167

g

rainfall decreasing as we go northwards, and the lakes
Tansa and Vaitarna receiving lesser rainfall as com-
pared to the other lakes in this month, July is the
rainiest month for the lakes and Colaba, and the rain-
fall is higher over lakes to the north. During August
rainfall decreases and the rainfall amounts are less
than in June except Tansa and Vaitarna lakes where
it exceeds the June monthly rainfall. The rainfall dec-
reases in September. :

4.2, Actual monthly rainfall for the period 1901-
1950

Figs. 2-6 show the year to year variation of rainfall
for June, July, August, September and season as a
whole.

In June coefficient of variation is generally of the
order of 55% being maximum at Tansa (60% ) and
minimum at Colaba and Powai (51%). In July, the
standard deviation values are higher than in the month
of June, but the coefficient of variation is less in July
indicating that the rainfall in July is less variable. The
mean coefficient of variation is 39% for lakes and
46% for Colaba, In August the values for standard
deviation are generally less as compared to June and
July, the average coefficient of variation being 45%
for lakes and 54% for Colaba., In September mean
standard deviation is less than the standard deviation
in August. The average value of coefficient of variation
is 59%. Thus in general, rainfall is more variable
in September as compared to other months.

100 |- A TANSA lﬁ(j? r P ~
250 b A AT A A A 8L 160 (- sod N Tansa
200 VIRRVANY He2sn 140 £ / \
334" SEPTJ_!\JKY_,-.};A}?,SA f\fw W +4(50) 150 W u-gaan 1zo |- !/ l
s At 2 M U gis0 "
AV ARTAT oA MULTAWE & (33) 100 |-
igm‘pf“‘_{th‘q‘:h Sgie 3% f’ I " } fVR\! | peecson F o/ Na A
250 K L M g 80 i
o T o0 VAL ATIIRA I [ \
50' ’l —[\’*f' '—%’f"_:"’-""i‘: U "'6{55) 1 50 . V v [ 1 l I M_ g(lg l) 40 : m
30/ £ j\x\j\ﬁﬂ'}w ﬁ‘{“s’ 100 k TULs! A -
‘0 L B 15y ﬁ . 160 ULst
250 | N O N €%249) -
_ s0F VERAR | AT e R o F :
ToF 200 [ h\[ N V Vyu," W M 205> 120 |
;';g:*-'* - wl’m-—— 1},‘14—5'2330”] :Zg = \1 4 3 'VEH;‘!R M-67C1611 oE- |:g -
s ORI AW Y VRYY, - £ C \
. M T e e i h-fuy g F ¥ 60
® o POWAL §300_ [ bt f 1 us6cassy o E A\
Jr0k ,200 VUJl ”V”\" WVAIM  jczo0r < g B VEHAR
= 50:9.-“1}—{2 _,% wrgtsay T i \ ”1,} \’V ¥ Wl h-essr - 100 |
: m%’;ﬁ:\f gg%'_»jwv y B0 g o0 | POWA I ; 80
o PN -2 U-guor w o so [
COLABA ] % o | \ coLaea | PP u
& < 1 2
- 200 1 N M MV AAANYT 9 POWAI
i T M fagen © s ST VART H OO zo
Bt;ﬁ jxiwﬁllﬁﬁwl u (29 o0k \! - y‘! i ! 80
AT CR AN L A U =415 1967 1625 36745 BoYrs o -
%510 13 20 75 30 35 4045 30 oo *A SEASONAL .
,:—;r VA'TARHAA 360 1 \/t\\ [AY M+6(3551 :;g E COLABA
e o , 320 -
ﬁ,:(:; f:‘ s ’;\!! ﬁ+5(£§3 zs0 T V/\vi\\ /\/‘\/ ) M c288) eo | \
B a ® amy # “wn 240 A -€c222» 60 |- ‘
s@;f;m i - ;_;:_b"% M_gea fgg - VAITARNA Vv , ) . a0 L 4 M
Wl e e 1976 1956 1960 1965 1970 1976 YEARS PENTAD RAINFALL
TEARS
Fig. 5. Yearly variation of rainfall Fig. 6. Yearly variation of seasonal Fig. 7. Normal pentad rainfall
for September rainfall

4.3, Seasonal rainfall

More than 70% of the occasions the seasonal rain-
fall value lies between p--o and u—o and on 86%
of occasions the value is above u—o limit. Mean
coefficient of variation is 229 which is lower as com-
pared to monthly rainfall. But mean standard deviation
for seasonal rainfall is higher as compared to any
individual month.

The year to year variation of rainfall trend for fifty
years is generally identical for Colaba and lakes, the
maximum and minimum of rainfall for different lakes
and Colaba occurring in the same years indicating a
definite correlation between the rainfall pattern. This
is true for June, July, August, September and seasonal
rainfall also, Table 3 gives number of rainy days, rain-
fall per rainy day, and rainfall per day for June, July,
August and September for all lakes and Colaba.

4.4. Pentad rainfall
Fig. 7 gives the normal pentad rainfall.

The maximum in pentad rainfall values are observed
during 32nd , 41st, 48th and 53rd pentads, the maxima
during 32nd and 41st pentad being very prominent.

4.5. Daily rainfall

After examining the monthly, seasonal and pentad
rainfall we shall now examine daily rainfall at these
places for both normal and actual rainfall values.
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TABLE 3

Mean number of rainy days and rainfall per rainy day and per day

June July Al ¢
Lake e ' ¥ Y —\ e ug}?s \ Sepie"&ber )
A B C A B C A B C A B C

Tansa 14.1 28.4 13.3 26.6 37.0
Tulsi 16.2 35.4 19.1 27.2 35.6
Vehar - 15.8 32.6 17.2 25.6 30.3
Powai 15.7 33.1 17.3 25.7 31.5
Colaba 142 32.7 15.5 22.2 27.6

3.0 24.0 24.2 194 1

32.2 25.0 22.7

26.0 23.4 19.3
27.0 23.2 19.3
20.5 18.2 18.1

5.6 21.0 10.9

18.3 15.8 22.3 11.7

14.6 15.2 20.4 10.4

14.4 14.9 21.2 10.5

10.6 12.6 22.7 9.5

A=Mean number of rainy days, B=Rainfall per rainy day in mm,

4.5.1. Normal rainfall

From the actual daily rainfall, the daily normals
have been calculated for four lakes and Colaba. Five
day moving averages of the normals have been com-
puted. .

In June rainfall is generally light during the first
week and during the rest of the month the rainfall
is moderate. The five day moving averages of these
daily normals show significant positive correlations
with Colaba at 1% level (Table 4).

In July the rainfall is generally moderate at lakes
and Colaba. It is seen that there is a positive signifi-
cant correlation between Colaba, Powai, Vehar and
Tulsi, correlations being significant at 1% level, while
Tansa is not correlated with Colaba and other lakes.
This information may be useful in day to day forecast-
ing.

In August rainfall continues to be moderate, though
the daily normal rainfall values are less as compared to
those of the month of July. It is seen that all the lakes
and Colaba are found to be correlated with each other
and are significant at 1% level,

In September, it is seen, that during the first three
weeks rainfall continues to be moderate but less in
amount as compared to August. During the last week
of the month rainfall is light. It is also seen that all
lakes and Colaba are highly correlated at 1% level.

4.5.2. Actual rainfall

The actual daily rainfall that occurred over the lakes
and Colaba during the period 1901-1950 has been
grouped in the various classes : rather heavy
(35.0-64.9 mm), heavy (65.0 to 1249 mm) and
very heavy > 125.0 mm) of rainfall. Table 5 gives
the cumulative percentage occasion in the different
intensity groups for monthly and seasonal rainfall.
Highest recorded rainfall figures in the lakes and
Colaba are also included in the table. Considering 50
years data from 1901-1950 for the lakes, it is seen

C=Rainfall per day in mm

TABLE 4

Correlation coefficients between the lakes and Colaba

Colaba Powai Vehar Tulsi  Tansa

June

Colaba 1

Powai 0.93 1

Vehar 0.95 099 1

Tulsi 0.95 0.97 0.99 1

Tansa 0.84 0.95 091 0.8 1
July

Colaba 1

Powai 0.67 1

Vehar 0.89 0.97 1

Tulsi 0.69 0.85 0.04 1

Tansa —0.,20 —0.00 —0.06 0.34 1

Avugust

Colaba 1

Powai 0.94 1

Vehar 0.92 0.95 1

Tulsi 0.96 0.94 0.91 1

Tansa 0.98 0.89 0.82 0.87 1

September

Colaba 1

Powai 0.83 1

Vehar 0.86 0.99 1

Tulsi 0.82 0.99 0.9 1

Tansa 0.71 0.78 0.83 0.84 1

r=0.5 vis significant at 1% level
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TABLE 5
Intensity analysis of actual daily rainfall data (1901-1950)

. Jun Jul Aug Sep Seasonal / Highest recorded
Lakes p I\ " I\ y eIt \ - N e M \ rainfall (mm)
A B CcC A B C A B C A B C A B

Tansa 30 12 03 7.3 3.6 1.0 41 1.7 03 21 07 0.1 165 7.2 1.8 420 (1Jul19%1)
Tusi . 4.1 2.0 07 69 41 1.4 3.4 1.6 04 21 1.0 03 165 88 2.7 373 (19Jun192l)
e Vehar 58 1.9 06 57 3.0 07 26 1.0 03 1.7 08 02 13.8 67 1.7 458 (20Sep1923)
Powai 37 1.9 06 62 32 06 25 1.1 03 1.8 08 03 142 7.0 L7 486 (20Sep1923)
Colaba 32 1.6 05 42 20 0.6 1.9 09 02 1.6 07 02 11.0 52 1.5 684 (22Sep1949)

Percentage occasions when rainfall per day > 34.9 mm =A; >64.9 mm=B and >124.9 mm=C

TABLE 6

General information for Vaitarna lake

Distance from Bombay = 119.09 km
Catchment area = 450.66 sq. km
Year in which the lake was put into commission = 1956 \
Quantity of water supplied to Bombay = 545 ML/day
Parameters Jun Jul Aug Sep Seasonal
Mean monthly total in 01;1 44.1 118.0 79.6 46.5 288.3
Percentage of monthly total to
the seasonal total 15 41 28 16 —
Standard deviation v 19 40 ’ 29 23 67
Coefficient of variation 4 34 37 49 23
Mean number of rainy days 18.6  26.8 269  16.6 —
2 Monthly maximum in cm 95.1 192.7 141.5 104.2 421.2

Monthly minimum in cm ! 12.3 65.2 31.4 11.3 163.4

Correlation  coefficient  with

Colaba (for the same period) 0.9 0.7 0.7 0.7 0.7
- Rainfall per rainy day in mm 30.2 4.0 29.6 28.0 —_
Rainfall per day in mm 14.7 38.1 25.7 15.5 —

Percentage occasions of seasonal
rainfall between 72 59 64 68 72

Percentage occasions of seasonal )
rainfall above 14 .27 18 14 14

percentage occasions of seasonal
rainfall below 14 14 18 18 14
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Fig. 8. Pentad rainfall characteristics

that on an average only 15% of the occasions the
rainfall exceeds 34.9 mm.

Monthly distribution of heavy and very heavy occa-
sions also shows that the heavy/very heavy occasions
are very less, of the order of not more than 2%,
during June, August and September while in July it is
about 3%.

S. Vaitarna

The general information regarding the rainfall
characteristics for Vaitarna lake is given in Table 6.
Figs. 2 to 6 show the yearly variation for June, July,
August, September and season as a whole. Fig. 8 shows
the pentad rainfall characteristics.

6. Conclusions
(1) Ayerage seasonal rainfall is maximum at Tulsi.

(2) Year to year variation of seasonal and monthly
rainfall is generally similar for all lakes and Colaba.

(3) Average monthly rainfall is less variable in July
as compared to other months. During June rainfall is
less variable in Colaba, Vehar, Powai, but during
August and September it is so in lakes Tansa and
Vaitarna, Coefficients of variation for the seasonal rain-
fall is low, of the order of about 22% for the lakes and
Colaba.,

(4) During the four months and the season the
percentage occasions when the rainfall exceeds u—o
limit is 82%. \

(5) Number of rainy days are nearly the samec
during June over the lakes and Colaba (50% ). But
during the other three months, it is more (by 20% )
over the lakes as compared to Colaba. For the entire
season lakes have about 669 rainy days while Colaba
has 56%.

(6) Pentad rainfall characteristics of the lakes and
Colaba are generally similar showing first maximum
in 38th pentad and second maximum at 41st pentad.

(7) Daily normal rainfall is light during the first
week of June and during last week of September. It
is moderate during 2nd week of June to 3rd week of
September, the values increasing and reaching maxi-
mum in July,

(8) The daily rainfall normals of Colaba, Powai,
Vehar and Tulsi are highly correlated (positive cor-
relation) with each other in all the months. Tansa lake
has high positive correlation with the other lakes and
Colaba only during June, August and September.

(9) From analysis of actual daily rainfall data for
50 years, it is seen that the number of occasions with
heavy/very heavy rainfall are about 2.0% only.




