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Sea breeze and maximum temperatures in Madras
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1. Introduction

At coastal stations, in months when the
temperature difference between land and
sea is pronounced, a sea breeze starts a little
before noon near the coast and gradually
extends inwards. When the general weather
situation is not disturbed or changing fast,
the arrival of the sea breeze is very sharp,
being characterised by a rise in wind speed,
a change in wind direction (unless the
gradient wind is also from sea to land), a fall
in the temperature of 2 to 3 degrees and more
striking than all these, a sharp rise in rela-
tive humidity of 10 to 20 per cent, at times
as much as 40 per cent. Aerodrome stations,
which are called upon to supply winds fre-
quently, have to reckon the changes that may
be caused by sea hreeze.

2. Previous work

The sea breeze at different parts along the
coast of India (including what is now Paki-
stan) has been studied, from various aspects,
in the past, for instance Jones (1908), Rama-
nathan (1931), Ramdas (1931), Roy (1941),
Hatcher and Sawyer (1947), Ray Choudhuri
(1948) and Venkateswara Rao (1955).

In the west coast, to the eastern side of the
Khandala gap, the sea breeze is known to ex-
tend to Poona, a distance in the direction of
the breeze of about 70 miles (Ramanathan
1931). It is supported by autographic meteoro-
logical records. Farther south, in the Palghat
gap, it is also known to extend at least 60 miles
inland, but there being no suitable station
with autographic meteorological records,
one has only the subjective experiences of the
residents of Palghat in support of the same.

In the summer of 1932, more or less as an
offshoot of Ramanathan’s study of the sea
breeze at Poona, one of the present authors
made a few observations with a portable

anemometer and a thermograph at some
stations to the east of Poona along the rail-
way line. No hygrograph was taken. The
only definite observation that could be made
was that on 21 April 1932. The sea breeze on
this day did reach a station (Yevat) about
25 miles to the east of Poona at 1715 IST,
2} hours after it had reached Poona. The
average speed of wind at Poona when the
sea breeze was on, was about 12 mph.

3. The sea breeze at Madras and the special obser-

vations made

When a full complement of self-recording in-
struments were installed at Nungambakkam,
the city observatory of Madras, in 1949 atten-
tion was naturally drawn to the arrival of the
sea breeze as evidenced by the charts. The
direction of the sea breeze at Madras has
been found to be almost always SE, being at
times SSE. On a suggestion by Shri P.R.
Krishna Rao, then Director of the Regional
Meteorological Centre, a first attempt to
trace the sea breeze inland at Madras was
made in June 1950. Readings of a portable
anemometer were taken at frequent intervals
at Villivakkam, a railway station west of
Madras. In the SE-NE direction, i.e., the
direction of the sea breeze, it is about 6 miles
from the sea. The Nungambakkam observa-
tory itself is some 3 miles from the sea in the
same direction. On 1 June 1950, the sea

breeze arrived at the Nungambakkam obser-

vatory at 1415 IST, marked by a sharp rise
of 7 per cent in the relative humidity.
The sea breeze reached Villivakkam at
1540 IST - 10 minutes.

In the summer of 1951, the work was taken
up again and this time, considering the sharp-
ness of rise in humidity characterising the
arrival of the sea breeze, it was decided to
try to follow it by a set of hygrographs. One
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TABLE 1

Times of commencement of sea breeze as fixed from hygrograms at Madras Harbour. Nungambakkam,
Meenambakkam. Trivellore and Tiruvalangadu
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was installed at the Harbour as representing
the coast where the Port Trust staff were
kind enough to change the charts daily for
about a month. Regular instruments, main-
tained by departmental staff, were func-
tioning at Nungambakkam and Meenamba-
kkam. A fourth one was run as a mobile unit,
at different railway stations along the line
from Madras to Arkonam, with the kind co-
operation of the railway staff at the stations.
With the limited facilities, it was possible
to make the observations only for a period of
a little over a month.

The times of arrival of sea breeze at Har-
bour, Nungambakkam, Meenambakkam,
Trivellore and Tiruvalangadu on all
days when the arrival could be unmistak-
ably identified are given in Table 1. The
sudden increase in percentage relative humi-
dity at each of these stations when the sea
breeze arrived are given in Table 2.

Fig. 1 shows relavant portions of the ane-
mograms at Madras Harbour (only speed
and no direction) and Meenambakkam and
hygrograms at Harbour, Nungambakkam,
Meenanbakkam and Avadi on 21 June 1951.

Fig. 2 shows relevant portions of the ane-
mograms at Harbour and Meenambakkam
and hygrogram at Harbour, Nungambal-
kam, Meenambakkam and Trivellore on
28 June 1951.

Fig. 3 shows the relevant portions of the
hygrograms only at Harbour, Nungambak-
kam and Meenambakkam for eight conse-
cutive days from 13 to 20 June 1951.

Fig. 4 shows the relative positions of the
different sites where hygrographs were kept
for this investigation.

4, Discussion of the special observations

Table 1 and Figs. 1 and 2 bring out
fairly clearly that, on most days, the sea
breeze rteaches the successive stations with
a fairly uniform speed. There are of course
a few exceptional days when ifs times of
arrival at the different stations do not fit
properly into this scheme. For instance, it is
surprising that on 14 June 1951, it should
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have started at Meenambakkam within such a
short interval as 13 minutes. On 22 June
1951, it apparently started at Meenambak-
kam soon after it started at the Harbour
and 18 minutes before it reached Nungambak-
kam. The breeze as it arrives at different
points inland must have started at different
points along the coast and the explanation
for anomalies of the kind mentioned must
lie in the fact that variations must exist inits
time of commoncement at different points
along the coast, and on occasions these may
be large. It is also known that even at a
specified place, its times of commencement
on successive days vary considerably. Mak-
ing due allowance for such exceptions, the
study definitely shows the possibility of
predicting the time of arrival of the sea
breeze and its consequent effects on wind and
temperature at any particular point—which
may well be an important aerodrome like
Meenambakkam —by having one or more
hygrographs at suitable points and obtain-
ing information on phone about arrival of sea
breeze at those points. The average interval
between incidence of sea breeze at Harbour
and Meenambakkam is 65 minutes and that
between its incidence at Nungambakkam and
Meenambakkam is 45 minutes (neglecting
the very exceptional days). If, therefore, we
have a system of knowing the times of in-
cidence at the Harbour and Nungambak-
kam we could on most days predict the time
of arrival at Meenambakkam with a high
degree of success,

The next broad result of an interesting
nature that is fairly clear from this study
is that near Madras, in the months, June and
July, the sea breeze definitely penetrates
some 25 miles inland (Trivellore) but rarely
does so as far as 30 miles (Tiruvalangadu).
On the Bast Coast, therefore, it apparently
goes much less inland than along the West,
where it is known to go even as far as 100
miles. The probable reason is that in the
West Cloast, the sea breeze direction is almost
the same as the general gradient wind and
so it has nothing to fight against, except
when a strong land wind develops. On the
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TABLE 2

Increase in relative humidity (¢;) on arrival of sea breeze at Madras Harbour, Nungambakkam,
Meenambakkam, Trivellore and Tiruvalangadu
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Harbour bakkam bakkam gadu
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East Coast on the other hand, the sea breeze
has to fight against the gradient wind.

Yet another interesting feature well
brought out by Figs. 1 and 2 is that the
distinctive nature of the sea breeze or its
contrast with previous conditions, as shown
by the magnitude of the sharp rise in relative
humidity gradually decreases as we go
inland, showing the effect of more and more
mixing.

Of meteorological phenomena, the local
circulations represented by land and sea
breezes are among those most amenable
to being fairly well understood. The special
observations with hygrographs described
above have shown sufficiently well that,
for following and mapping the progress of
the sea breeze, or for an extensive survey of
its variations from place to place along
coasts, at the surface, the hair hygrograph
it a valuable and sufficient instrument.
For effectively tracing the topography of

N = Numgambakkam .

H - Msaras Harbour.
3

advance of the sea breeze a number of instru-
ments have to be used in conjunction. The
maintenance of a network of a dozen hygro-
graphs at selected spots will mean very
much less effort and cost than installing
and maintaining a single Dines’ anemograph
or one series of aeroplane ascents as was
done by Hatcher and Sawyer (1947).

5. Effect of sea breeze on the maximum temperature

The sea breeze has an interesting effect
on the maximum temperature, producing
substantial variations in the maximum
temperatures over comparatively short
distances. Let us consider the effect in a
simplified, idealised way.

In Fig. 5, A, B, C, D and E are five
different stations at, say, 0, 5, 10, 15 and
20 miles respectively away from the coast
in the direction of the sea breeze. The
thin full lines represent the diurnal variation
of temperature that these places would
normally have had, with the maximum



356
VILLIVAKKAM
fo) (o] MADR AS
TRIVELLORE AVADI HARBOUR
o NUNGAMBAKKAM
TIRUVELANGADU
o
MEENAMBAKK 2 )4
- . B Miles
Fig. 4

oceurring at each place at 14 hours, which
is the usual time, had there been no sea
breeze. Let us assume that the sea breeze
starts at A at 11 hrs and travels at 5 mph,
arriving at the other four stations B, €, D
and B at 12, 13,14 and 15 hrs (i.e., two
hours before time of maximum, an
hour before it, at the time of maximum
and an hour after it); the sea breeze front
causes a sharp fall of 2-4 degrees and also,
by increased turbulence, reduces the rate
of rise of temperature after it has come.
The modified temperature variation under
these circumstances for the period after
arrival is shown by thick curves. It is
easy to see that the actual maximum tem-
perature itself progressively increases from
AtoBand B to C but at and beyend D
where it arrives at or after the epoch of
maximum, it has no effect on the maximum
temperature of the day.

At Madras, Nungambakkam and Meenam-
bhakkam, the two sites for which the maximum
temperatures (along with other meteorologi-
cal elements) are published in the Madras
Regional Daily Weather Report as well as
in the city newspapers will fall rougkly
into categories B and €' in Fig. 5.

6. Maximum temperatures of Nungambakkam and

Meenambakkam

For each day of the four vears 1931 to
1954, the values of the maximum tempera-
tures of Meenambakkam and Nungambak-
kam, their difference, times of arrival of the
sea breeze at Mecnambakkam and Nungam-
bakkam as obtained from the respective hy-
grograms and their difference were tabulated.
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Fig. 5. Idealised picture showing effect of sea breeze on
maximum temperature at stations at different
distances from the coast

(Thin cutve represents the course of temperature had
there been no sea breeze. The thick curve shows the
course of temperature as modified by sea beeeze)
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TABLE 3
Correlation tablebetween Ta — 7'~ and Xy — Xn in summer (March-July)
Xy — XN (°F)
r A ]
Tu—TxN <1-b 15 2-5 36 4:5 5+5
(minutes) to to to to to 65 and
: 2.5 3-4 44 54 6-4 above
< 30 1
30— 45 4 7 1
46— 60 8 11 b 1
61— 75 2 8 13 1
76— 90 3 b 9 5 2
91—1056 3 7 b b
106—120 1 6 8 7 2
121—135 1 3 2
136—1560 4 5 - 1
<150 1 - 3 8

T'ar, Tn—Times of arrival of sea breeze at Meenambakkam and Nungambakkam respectively
X1, Xy—Maximum temperatures at Meenambakkam and Nungambakkam respectively

TABLE 4

Distribution of X y—Xn with different times of arrival of sea breeze at Nungambakkam
(T'ar—Tn=1% hours)

Ty (IST)
sy

Xm—XnN ’
(°F)
1000-1100

1100-1200 1200-1300

<15
1:5—2-4
2-5—3-4
3:-5—4-4
4-5-5-4

~1 W= L

2

5-5—6-4

N - I
s
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The tabulation showed —

(1) The difference in the maximum tem-
peratures of Meenambakkam and Nungam-
bakkam is of the order of 2 to 3°F in the
summer months, viz.. March to July. Meenam-
bakkam always records a higher maximum
temperature than Nungambakkam. The
difference is as high as 4 to 5 degrees on
some occasions and rarely goes even to6

degrees.

(2) In the months of August, September
and October, the difference in the maximum
temperatures is generally of the order of
only 1-2 degrees. This is so because the
sea hreeze in these months is found to arrive
after 1400 IST at both the places, too late
to influence the maximum temperature.

(3) In the remaining months, 7.e., Novem-
ber, December, January and February, the
difference in the maximum temperatures is
hardly a degree. This is to be expected because
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the sea breeze as experienced in the other
months is absent in these months (excepting
a very few occasions in February) and the
prevailing surface wind both at Nungambak-
kam and Meenambakkam is from the sea
(generally a northeasterly wind) throughout
the day.

(4) On days when sea breeze was absent
both at Meenambakkam and Nungambakkam,
the maximum temperatures were practically
the same.

The data for the summer months, March

to July may be examined in some greater
detail. Table 3 is a correlation table between
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differences in times of arrival of the sea
breeze at the two sites and differences
in the maximum temperatures. The general
increase of the difference between the
maximum temperatures of the two sites
with larger and larger intervals between
the times of arrival of the sea breeze at
the two sites is well brought out by Table 3.

A given difference between times of arrival
of sea breeze, causes a larger difference
in maximum temperatures, the earlier the
actual time of arrival at the nearer station,
viz,, Nungambakkam, as can be seen from
Table 4.
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