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ABSTRACT. From the daily, weekly and monthly values of @ @ 4 and /N the least square regression con-

stants, @ and & in the equation, @ QA = a + b(n/N), have been calculated for Madras, @ and @ 1 being radiations

on onc square centimetre of horizontal surface at the surface of the earth and at the top of the atmosphere respec-
tively, n and N being the actual and the maximum possible durations of bright sunshine respectively. Daily data
have also been grouped season-wise for the dry and the monsoon seasons and the values of @ and b have been cal-
culated for the two seasons, Correlation coeflicients between Q/Q 4 and a/N have also been calculated.

The values of a and & for Madras have been compared with those obtained by different workers in other parts

of the world.

The mean m.onthly incident radiation at a few places on the east coast having the same cloud regime as at

Madras has also been worked ont.
1. Introduetion

Total solar radiation incident on the sur-
face of the earth is a parameter of consider-
able significance. Apart from its importance
in the study of radiation balance of the
atmosphere, special mention may be made
of the fact that it is being recognised that
solar radiation received by the plant pro-
minently governs its rate of transpiration
and as such it has to be taken into account
in estimating the water needs of the plant.
It is, therefor:, necessary that a good net-
work of stations with radiation instruments
is available. Unfortunately. the existing
network of radiation stations over the sur-
face of the earth is meagre and it is very
much so for the tropies. The network is
gradually improving but it would take a
considerably long time b-fore a satisfactory
network is established within the tropics.
Till that time, the incident solar radiation
has to be obtained by indirect means.  There
are two indireet ways of estimating the
radiation : ({) To obtain the relationship
hetween solar radiation and duration of
bright sunshine for existing radiation sta-
tions and to apply this relationship to
locations where data relating to duration of

sunshine are available, Sunshine data are
available for a large number of stationg
extending over long periods, (¢7) To ealculate
from the known amount of solar radiation
incident at the top of the atmosphere after
allowing for réflection at the top of the at-
mosphere, moleeular and  non-molecular
scattering, absorption by the solid and liquid
particles, absorption by water vapour and
other gases and reflection and absorption
by different types of cloud. Many of these
quantities to be allowed for, are difficult of
estimation and as such this method of ohtain-
ing the solar radiation is of little use. It is
felt that the first method which is very simple
can be used by applying the relation between
radiation and duration of sunshine to loca-
tions where sunshine data are available and
where moisture conditions of the atmosphere
and cloud regimes are generally similar.
Angstrom (1924) first suggested the rela-
tion Q/Qo=a’'-- (1-00—a’) u/N, where @
and @ are radiations incident on one square
centimetre of horizontal surface of the earth
on any day and on a cloudless day respec-
tively, »n, the actual duration of bright sun-
shine and N, the maximum possible dura-
tion of bright sunshine and «" is the mean
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Scatter diagrams of Q@@ 4 and n|N

Straight line shown is the least square regression equation

proportion of radiation received on a
completely overcast day. @' would pri-
marily depend upon the type and thickness
of clond. Even Qg would not be constant
but would depend on the moisture and
scattering nuclei in the atmosphere. It
would, therefore, be better to relate @ to
Q 4, the radiation incident on one square centi-
metra of hotizontal surface at the top of the
atmosphere, as has been done by some work-
ers. This relationis, Q/Q4 = @ + b (n/N),
where a and b are the regression constants.
Tt is proposed to study this relationship for
Madras.

2, Instruments and records

A radiation station was started at Madras
(Lat. 13-0°N, Long. 80-2°E and height 15m
a.sl) in October 1957 as a part of the
1GY programme. Total daily solar radia-
tion (direct radiation 4 diffuse sky radia-
tion) on a horizontal surface is obtained from
the records of the Moll-Gorezynski solari-
graph. Duration of bright sunshine was
obtained from the records of the  Campbell
stokes sunshine recorder. Data for the
period 1 October 1957 to 30 September 1960
have been used in the present study.

)

‘3. Analysis of records and results o
The values of @ 4 were obtained for Madras
latitude for each day of the year by inter-
polation from the values given for specific
latitudes and dates by List (1958). Thesp
are based on the value 1-94 cal ¢m? min’!

of the solar constant. Daily values of N
were obtained from the times of sunrise and
sunset for Madras given in the Indian
Ephemeris and Nautical ~Almanae. The
ratios Q/Q4 and n/N were ecalculated for
each day, each week and each month.
While calculating the ratios for the week
and the month the days on which only sun-
shine record was available were not taken
into account. No two weeks had any over-
lapping days and thus the ratios are inde~
pendent of each other.

For daily values, n/N ranged from 0 to
0-96, while for the weekly and the monthly
values it ranged from 0-03 to 0-91 and 0-35
to 0-85 respectively. Scatter diagrams for
the weekly and the monthly ratios have been
given in Figs. 1 and 2. Since the number of
daily ratios is very large, a frequency distri-
bution table (Table 1) has been given for
these instead of the scatter diagram.

From the daily, weekly and monthly
ratios, least square regression constants a and
b and correlation coefficients between @/Q4
and n/N were calculated. Lines representing
the least square regression equations for
the week and the month have been drawn
on Figs. 1 and 2 respectively. The daily data
were grouped separately for the two periods
January to May and June to December which
correspond to the clear and dry season and
cloudy and wet season (i.e., the monsoon
season) at Madras and the least square
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TABLE 1
Frequency distribution of 0'04 and n'N
Qe A
ﬂ,"N ~— A — P ———— B S —
=000 +100 200 300 400 - 500 <600 < T00 Total
to to to to to to to to
<100 200 * 300 400 500 - 600 700 + 800
*000— <100 6 18 38 46 15 123
*100— -200 1 10 18 2 31
+200— -300 1 + 20 6 31
*300— -400 1 3 15 21 1 41
+400— +500 1 16 37 4 58
+500— <600 0 44 23 76
*600— <700 7 10 34 101
= 700— <800 22 101 13 136
*800— +900 3 LG 120 285
* 900—1+000 z 27 50 79
Total 6 18 41 64 1060 179 370 183 061
TABLE 2
Regression constants and correlation coefficient, r, between QIQ 7 and » N for Madras
u b a, by r
Daily (clear and dry season) 027 030 0-35 0+65 0-83
Daily (cloudy and wet, i.e., 0-32 041 044 056 0-78
MONS0OT Season)
Daily (irrespective of season) 0-31 0-44 0-41 039 0-83
Weeklv 0-31 0-45 0-41 0-59 0-95
Monthly 030 0+ 46 0-39 081 0-93
regression constants @ and b and correlation P ges =& shd B b
coefficients between Q'Q4 and n'N were S 7 atb

also caleulated for the two seasons. The
values of a and b and of r, the correlation
coefficients are given in Table 2. Some workers
have caleulated the constants ag, b, in the
relation

Q;’Qu = Iy + ’)0 (i ,\'j
QQa=a 4+ b (n'N) (1)

when sky is clear »'\ is nearly 1 and Q
becomes ,. Hence,

Qo /Qa=0a-+-b (2)
Dividing equation (1) by (2),
0= 3_ . b (n
Q/Qy= a-tbh a—;-h( T'—)

= ag+by (n/N)

From these relations @ and b were converted
into ag and b, for the purpose of comparison.
The values of @, and by for Madras are also
shown in Table 2.

4. Discussion of the results

Regression constants from daily (irrespec-
tive of season), weekly and monthly values
differ very little from each other. The
values of @ and b from the daily data for
monsoon season (northeast and south-
west) differ appreciably from those for the
clear dry season. The value of (a+b) for
clear and dry season is 0-77, while that
for the monsoon season is 0-73. This would
be due to the greater moisture content of the




SOLAR RADIATION AND BRIGHT SUNSHINE AT MADRAS

TABLE 3

Values of «, b, @y, by and r obtained by different workers

Location

Glover and MeCulloch
(1958)

Glover and
McCulloch* (1958)

Kabete (East Africa)
Windhock (8. Africa)

Pretoria (S. Africa)

Bloemfontein
(S. Africa)

Durban (S. Africa)
Wingfield (S. Africa)

Trinidad (West
Indies)

Smith (1959, 1960)

Jamaica

Washington D. C.
(US.A)

Stockholm (Sweden)

Cowant
Kimball

Ang=trom

18°
47:3°N

Latitude

22:6°8
25+ 6°8
29-1°S
29-8°8
33-9°8
10-6°N

N

39-4°N

MONTHLY

Kabete
(East Africa)

11 stations in U.S.A.

Rothamstead
(England)

Gembloux (Belgium)
Varsailles (France)

Mt. Stromlo
(Australia)

Dry Creek
(Australia)

32 stations within
latitudinal  belt
7°8 to 65°N

Glover and
McCulloch (1958)

Fritz and McDonald
Black ¢t al. (1954)

1-3°8

51+8°N
50+6°N
48-8°N
35-3°8

34-8°8

* \[ean of the values given for the different years

T Quoted by Smith (1959, 1960)

1 Correlation is between Q/Q, and n/N

atmosphere during the monsoon season

which causes greater absorption of
the radiation in the atmosphere. The value
of a+b when the regression constants are
caleulated from the daily data irrespective
of the seasons is 0-75 which is midway

between those for the two seasons.

In Table 3 are given the values of a, b, a,,
by obtained by other workers from the daily
and monthly data. Correlation coefficients
between Q/Q4 or Q/Q, and #/N, wherever
available, have also been given in Table 3,
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TABLE 4
Incident solar and sky radiation in gm. cal 'em® day at Visakhapatnam

A. MOOLEY ¢t al.

Jan Feh  Mar  Apr  May  Jun Jul Aug  Sep Oet Nov  Dec f
e e L - — e e = 1
Caleulated 441 408 5t 388 T4 414 413 414 402 427 144 464
Actual from
solarimeter data 135 07 367 386G INT 427 417 417 378 382 139 460
TABLE 5
Incident solar and sky radiation in gm. cal em? day

Station Jan Feb  Mar Apr May  Jun Jul Aug  Sep Oet Nov  Dec
Samalkot 472 325 367 I8 356 461 411 419 443 421 432 448
Tiruchirapalli 173 331 i85 370 338 477 446 174 316 458 433 419
Aduthurai 458 BESS UE 370 T 495 472 +495 529 458 398 419
Kovilpatti 486 G340 G800 33T S04 4TS 466 490 5100 450 400 437

Comparing the regression constants obtaim-  daily radiation for different months was

ed from daily data, it is seen that there is a
very good agreement between the values of a
and b for WIadra% for the clear dry season and
those for Windhock, Pretoria, Bloemfontein,
Durban, Wingfield, Trinidad and Jamaieca.
In the case of Kabete, the regression cons-
tant, a, is practically the same but b differs
appreciably.

The values of ag, bp and » obtained from
monthly data for Madras agree very well
with those for the stations in U.S.A. given
by Fritz and McDonald (1958).

5. Values of mean monthly radiation at a few places in

Madras State and coastal Andhra Pradesh

(loud regimes at places in the coastal belt
of Madras State and Andhra Pradesh can be
considered similar, these being generally in
the same air mass flow. It was therefore
felt that the monthly values of @ and b
for Madras can be used for calculating the
mean monthly radiation for placesin the coas-
tal belt.

In order to see how far the assumption of
similarity of cloud regimes is valid, mean

caleulated for Visakhapatnam by using the
relation derived for Madras and the valnes
compared with the actual mean daily values
obtained from the available records (i.e., for
1961) of the solarimeter. These values are
given in Table 4. The agreement is generally
good. The relation can, therefore, be used
for caleulating the incident radiation at any
place in the coastal belt of Madras and of
Andhra Pradesh.

As sunshine data for places Kovilpatti,
Aduthurai, Tiruchirapalli and Samalkot in
the coastal belt of Madras State and of
Andhra Pradesh were available, the values of
mean monthly radiation at these places have
heen worked out taking into account sun-
shine data for the last 6 years. The mean
daily values for different months are given in

Tahle 5.

The values of the total solar and sky

radiation at the four places given in Table 5

will prove useful in the near future due to the
fact that big industrial undertakings and
other ancillary developments are coming up
regions where these stations are

in the
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