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Measurements of Solar Radiation and Atmosphenc Turbldaty with
Angstrom Pyrheliometers at Poona and Delhi during the I.G.Y,
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1. Introduction
Measurements of the intensitv of direct

solar radiation at normal incidence are of
fundamental importanee in meteorologiceal,
L'“l]lilllll!l"_*il'ill annd '_'1-1l|=l|_\'-il';|| studios, in the
analysis of the absorption
of radiation in the and in
investigations of the degree of turhidity of

and  seattering

|H'l|lb-||.|| I

the atmosphere and its constituents suel as
dust and water vapour,

Direct salar vadintion measnrenmonts with
.\II_'_:.\H‘u')Tll |'}'1'?|~.'|illlnl°!‘t‘\' have heen made
at Delhi sinee 1955 and at Poona sinee 1957,
The present paper summarises the results of
these observations doring the 1GY and the
diurnal and variations of direet
solar radiation for the entire and

-n';l.‘-llll.'ll
Spectrum
for sclected vegions. Anestrim
coeflicients, which aive g measure of
the total quantity of dust present i the
Htlllﬂ.\'[:]ll']'(' ]I.‘l\'l- Iu'-'rl ¢'1||'|||-u1|'-| 1.|l|' l|l" hirst
time for these The dinrnal and
seasonal variations of turbidity as well :

its dependence difTerent

l]j‘-ﬂ!‘]]\"&f‘ll.
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regions,

on SVHo |u 1 air
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2. Method of measurement

The prineiple of measurement of direet
solar radiation intensities at normal incidence

using Angstriim compensation pyrheliometers

(Mlire.
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is well known (IGY Instr, Manual 1957). In
operation, the absorption of heat by a thin
blackened manganin ‘-ih'i]r exposed to the
sun's rays is determined by measuring the
eleetrieal ene ray necessary to warm a similar
but shielded strip to the same temperature,
The equality of temperatures is measured by
means of thermocouples attached to the bace ks
of the strips and connected in opposition
through a sensitive null point galvanometer.
The heating eurrent provided ||_\' a lﬂ\\"\'l]h‘}l"{l‘
battery and parallel pair of rheostats is
measured by means of a precision milliam-
meter, If ¢ is the hl';ltilig current in aniperes,
the intensity I of diveet solar radiation in
cal/'em?/min is given by I=K./2, where K isa
constant for the pyrheliometer, depending on
the resistance, width and allm,nrlnliun coeffi-
cient of the .-«'irl-ll'-.

By isolating the red and infra-red recions
of the spectrum, where .xlmnlannn by water
vapour is considerable, from the ultraviolet
and visible regions, where attenuation is due
mainly to seattering by air molecules and
dust, a turbidity factor ean be computed for
the short-wave component of radiation [,
(IGY Instr. Manual 1957). I is given by
1,-1.. where I; is the total direet solar radia-
tion measured without any filtersand I, isthe
red and infra-red radiation for the wavelength
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range 630 to 2800 mp, measured after trans-
mission through the red filter Schott RG,.
Standard red Schott glass filters R@, of 1-5
mm thickness having almost 100 per cent
transmission between 0:630 and 2-800 p
and with Davos correction factor DR, obtain-
ed from the Davos Physical Meteorological
Observatory were used to isolate the short-
wave radiation. If I, is the intensity measur-
ed with filter RG, having a correction factor
DR, I, = DR, Ip

I} is then given by It —DR,.Ip (1)

Observations of 7, and I; were made
regularly thrice a day at 0830, 1130 and 1430
IST, whenever the sun and sky within 5°
of the sun were free from clouds. Instanta-
neous observations at 0530 and 1730 IST
were also taken whenever the sun’s disc was
visible above the horizon. Over 450 observa-
tions were made at Delhi during 1958 and
over 600 at-Poona which are summarised in
Tables 1 and 2. No observations were possible
at Delhi during July and at Poona during
July and August, as a result of monsoon cloud-
ing. The number of days when intensity
measurements could be made were 175 at
Delhi and 190 at Poona, the fewer days during
monsoon at Poona being offset by fewer
observations during winter at Delhi. More
observations were possible on the whole, in
the mornings than in the afternoons.

3. Atmospherie Turbidity

In the ultraviolet and visible regions of the
spectrum, where attenuation is caused mainly
by dry air and dust, the attenuation can be
expressed as

o
-Lf
S
0

where I is the radiation intensity measured
with the instrument

7 To (A). 1™ @) 2)

Iy(}) is the solar intensity outside the
atmosphere at the mean sun-earth
distance R,

S is the reduction factor for the mean
solar distance R2/Rm?, R being the

-

sun-earth distance corresponding
to the date,

¢! is the transmission of the whole
atmosphere as a function of wave-
length,

.'“/\)-——AR (}t) - .‘J;) (/\) where .rI]f (/\)
gives the extinction in clear dry air
(Rayleigh scattering) and 4, (A) the
extinction by dust.

A;.- (I\) =m.dapg (r\) (3)

where m is the optical air mass and ap (A)
is the extinction coefficient, for Rayleigh scat-
tering.

Ap (a\) = my .ap (/\) (4)

where my is the relative air mass 750.m/p;
p is the pressure in mm of Hg, and ay (A)
is the extinction coefficient of the atmospheric
haze. ap (A) according to Mgller (1957)
is given by 0-00897.24%. a (1) was

expressed by Angstrom as B2, where
« varies from 0 to 4. An average value
of 1-3 derived from actual observations
has been used by him as a reasonable appro-
ximation. Equation (2) is then written as

0,630

1 J —m % 0. 00897 /3400
Ip=—=J Iy (A).e X
S 0

1.9
M 4 ()
Iy is measured. I, (A), S and m; are comput-
ed. B is obtained from ready made tables,
giving for selected values of B, the theoreti-
cal radiation intensity at various air masses
for a water-free atmosphere.

4. Discussion of Daia

4.1. Intensity of solar radiation—Table
1 gives the mean values of the intensity of
direct radiation [/, for the whole spectral
region and the intensity I, for the red, with
values of solar elevation % and the corres-
ponding optical air mass m for each month
of the year 1958 for the hours of observation
0830, 1130, 1430 and 1730 IST for Delhi.
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Similar values for Poona are given in Table 2.
The last columns give values of atmospheric
turbidity B, this is discussed indetail in the
next paragraph.

In Figs. 1(a) and 1(h) are depicted the mean
monthly values of intensity [ against
optical air masses m for Delhi and Poona.
Tn Figs. 2 (a) and 2(b) are shown the seasonal
curves of intensity wersus air mass, for the
three main seasons—winter (October—Febru-
ary), summer (March—June) and monsoon
(July to September). In Tables 3(a) and 3(b)
are given the mean seasonal and annual values
of intensity of solar radiation for specified
air masses from m=0-96 to m=4%-50
and for specified values of solar height over
the range 5° to 85°, for both Delhi and Poona.
The number of observations on which the
data are based are given in brackets below
each figure, It will be noted that for the same
optical air masses and solar elevations, the
solar inftensities are highest in winter and
lowest in summer at both stations, the ratio
of maximum to minimum being 2.0 for De'hi
and 1-4 for Poona, The solar intensity values
during monsoon at Poona are roughly of the
same order as those during winter, though
generally higher. At Delhi, the monsoon values
generally lie halfway between the summer and
winter values. On the whole, intensities at
Poona are markedly higher than at Delhi
throughout the year. It must be remembered
of course that the solar constant itself shows
a seasonal variation of about 7 per cent due
to the elliptical orbit of the earth and
radiation in January is stronger by 3-3 per
cent and in July weaker by 3-4 per cent. The
actual variations in I from Jannary to June
are, however, of the order of 1-7 at Delhi and
1-2 at Poona.

For an optical air mass of 4 (solar height
14°), the intensity at Delhi is 0-555 cal/em?/
min (mean annual value) and 0-626 calfem?/
min at Poona. This compares with 1-033
at Brukkaros (Drummond and Wentzel 1955).
0-816 at Kew (Stagg 1950) and 0-73 at
Washington (Hand and Wollaston 1952).
The solar intensities at Delhi and Poona,

it will be seen, are much lower. The range of
intensities at these stations are given below.

Poona 0-445 to 0-745 cal/em?/min
Delhi 0-382 to 0-697 ”
Washington 0-52 to 0-86 .
Blue Hill 0-82 to 1-03 "

Brukkaros 1:03 to 1-05 .

At a solar elevation of 60°, the solar
radiation intensity at Poona has an average
value of 1-29 cal/em?/min and at Delhi 1-113
cal/em?/min. This compares with 1-50
at Brukkaros and 1-40 in Java (Boerema
and Berlage 1948).

It will also be seen from Table 3 that the
seasonal variation of intensity at any parti-
cular solar elevation is less pronounced for
the high angles and more for the low. This is
obviously the result of the greater attenuation
by turbidity, of solar radiation at low solar
angles.

TFrom the instantaneous observations of
solar intensity made at Poona and Delhi,
the highest values observed in each month
have heen picked out and are given in Table
4. It will be noted that the absolute maximum
value obtained at Poona is 1:540 calfem?/
min in February and 1-470 cal/em?/min
at Delhi in May. At the times of observation
the mean solar heights were 52° and 71°
corresponding to air mass values of 1-20 and
1-03 respectively. This compares with the
absolute maximum value of 1-622 cal/cm?/
min recorded at Brukkaros in December 1928,
by scientists of the solar constant observing
team of the Smithsonian Institution.

It would also appear from Table 4 that
the 1-4 cal/em?/min datum isalwaysreached
during the months October to March at Poona
and during November, December, February,
April and May at Delhi and an intensity of
1-3 cal/em®/min can be expected during all
the 12 months of the year at Poona and all 12
months except June and September at Delhi.
The solar intensity may be as high as 1-53
cal/em?min at any time in November and
February at Poona and 1-45 cal/cm?/min
in November and May at Delhi. Even in
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Fig. 1 (a). Intensity at various air masses, Delhi 1958
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Fig. 1(b). Intensity at various air masses, Poona 1958
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Fig. 2 (a) — New Delhi

Fig. 2 (b) — Poona

Figs. 2 (a) and 2 |b). Seasonzl variation of infensity with air masses

mid-winter, when the noon sun is as low as
50° at Poona and 35° at Delhi values as high
as 1-5 and 1-4 cal/em? min are of frequent
OCCUTTENCE.

The mimimum value of solar intensity
observed are 0-727 cal’cm2'min at  Delli
in June and 1-064 cal/'cm®'min at Poona
in May. The ratio maximum mininmum for
the same air mass varies by 1:6 to 3-2 at
Delhiand 1-3to 1-8 at Poona. Variations in
the radiation intensity reaching the surface
of the earth arise from fluctuations in the
transparency of the atmosphere and for the

same alr mass, the variation is a measure of

the variation in the dust content of the at-
mosphere.

4-3, .'fhrm.\‘[f/u_'.u'f'r' p’fu'f;ir({l.a/-— Mean mont M'\'
ralues  of ;{u;_rsfr.';nl's turbidity  coelficient
B for each hour of observation 0830, 1130,
1430 and 1730 IST for 1958 are given in
Tables Tand 2 for Delhi and Poora respeetive-
ly. The annual march of B for both stations

is illustrated in Fig. 3 along with similar
values for Washington, Davos ard Stockholm
(.lil':_"h‘il'i}lll 1930). It must be remembered
that direct sun observations can bhe made
only with relatively clear skies and represent
a particular  meteorological conditicn and
strongly bias the results obtaimed. The {re-
queney of observations, it will he noticed,
is maximum in the forenoon hours thronghout
the yvear. even during the monsoon season,

1.2.1. Seasopal  variation  of  twrlidity-
Tt will be seen from Fig. 3 (taking the curves
{or Poona and Delhi alone for the moment)
that turbidity shows marked variations with
the time of the year, has a prononneed maxi-
mum during the summer months (0-09 in
June at Delli and 0-04 in March at Poona)
avd @ mindmum during the winter months
(0-02 in November at Delhi and 0-004 in
October at Poona). At the minimum, the
turbidity coefficient is only @ tenth of its
virtlue at the maximum at Poona and aboui
a fifth at Delhi. The mean value taking the




SOLAR RADIATION AND ATMOSPHERIC TURBIDITY

| &)
-1
ot

160

140}

+120

<100

WASHINGTON

L STOCKN

080 |——

060}

040 K
A

-00

7’
,
7
+020 ——
j
F

v

Fig. 3. Annual march of ingstr&m turbidity eoefficient 3

vear as a whole, for the turbidity coefficient
at Delhi (0-045) is more than twice that at
Poona (0-020) throughout the year; except
during the early summer months, March and
April, when the coefficients are of the same
order (0-04). On the whole, the atmosphere
over Poona is about twice as transparent as
that over Delhi almost throughout the year.
This is not unexpected, since its higher ele-
vation alone would result in a less turbid
atmosphere over Poona than that over Delhi
with its low elevation and proximity to the
arid regions to the west,

Considering all the five curves in Fig. 3,
it will be seen that the maximum at all five
stations, so widely distributed over the globe
occurs in early summer and the minimum in
winter. The striking effect of the monsoon at
the Indian stations is shown by the earlier
fall at Poonain June and at Delhi in Au-
gust, coineiding with the later arrival of the
monsoon in the north. Washington is the

most turbid of all the five stations, followed
by Stockholm and Delhi. The actual values
of turbidity as well the annual variation are
gsmallest for the high altitude stations at
Poona and Davos.

The pronounced maximum in summer and
minimum in winter at al! the stations and the
uniformly low values of B at the high altitude
stations, indicate that the cause of the varia-
tion in the dust content arises at the earth’s
surface and in the conditions in the lower
layers of the atmosphere. It is natural
that the time of maximum dust content cor-
responds to the time of largest temperature
gradient in the lower atmosphere layers and
the maximum dispersion of dust from the
ground to the higher layers of the atmosphere.
The effect of austausch on dust and haze in
the lower layers of the atmosphere and the
role played by precipitation in the removal or
reduction of the dust content of the atmos-
phere is also well known.




4.2.2. Diurnal variation of turbidity—Tables
1 and 2 show that turbidity values are general-
ly higher in the early morning and late even-
ing hours than during the hotter part of the
day. They are highest in the early morning
and least during the afternoon, except at
Poona during the monsoon when the diurnal
variation is almost nil. The appreciable diur-
nal variation in summer and winter can be
explained by the increase in dust content in
the lower layers of the atmosphere as a
result of the strong temperature inversion
near the ground during the night and early
morning hours and the consequent increase
in dust and haze in these layers, and their
modification by convection currents mixing
and general turbulence during the afternoon.
These variations are naturally absent during
the monsoon and are maximum during the
winter and least during the summer, though
the absolute values are highest in summer
and least in winter.

4.2.3. Variation of twbidity with altitude
and latitude—The coefficient of turbidity
varies markedly with latitude and altitude
as seen from Fig. 3 and Table 5 where the
turbidity coefficients for a number of stations
in different parts of the world are given. It
will be observed that at sea level stations
turbidity varies from 0-05 to 0-12, while at
high level stations it is only of the order of
0:02—0-03. The turbidity coefficient g

decreases rapidly with altitude. Kngstr'{;m
(1930) gave the relationship as

Bi=po (6)
Except when the atmosphere is cleansed
as a result of condensation and precipitation,
P depends on turbulence which raises dust
from the ground and the falling speed of the
dust particles which brings the dust back to
the ground. Substituting the value of 8
experimentally derived and expressing the
height in metres he gave

By =Po, ¢ TH 10"
B decreases to half its value at 1000 m. g

also varies with latitude and the distance of
the station from the ocean areas. Equatorial

ANNA MANT axp OOMMEN CHACKO

oceans have the smallest turbidity and there-
fore a radiation climate comparatively richer
in violat and ultraviolet rays, At high
level stations the variation with latitude is
naturally smaller,

4.2.4. Turbidity in different air masses—
Turbidity factors for various synoptical
air masses have been investicated for the
American continent by Haurwitz (1934)
and for Europe by Mamontova and Chromov

(1933). In Stockholm, Angstrgm (1930)
found the mean values of g for polar and
tropical air to be 0-059 and 0- 088 respective-
ly and tropical maritime air to have values
ranging from 0-07 to 0-12 and tropical con-
tinental air 0-10 to 0-20 respectively.

In India, the air masses have been classi-
fied into three main types (Roy 1946)—(1)
the modified cold dry air over north and cent-
ral India of continental polar origin, during
the winter months December to February,
characterized by pronounced convective
stability, clear skies and good visibility,
except for local mist in the morning and
occasional haze in the afternoon. This air
mass over the Deccan ‘acquires in its travel
across the country to the south tropical
characteristics especially after stagnating in
the anticyclonic field over tropical latitudes
for some time’, (2) the tropical continental
air mass over western, central and north
India during the summer months March to
May with its source region in southwest Asia.
This is the driest and hottest air over India,
with marked instability associated with clear
to partly clonded skies, intense insolation
and turbulence leading to the development
of dust raising winds and duststorms, which
persist for days reducing visibility, (3) cool,
highly humid and convectively indifferent
equatorial maritime air over central and south
India during the monsoon months June
to September, characterized by mostly co-
vered to overcast skies, frequent rain or
drizzle and visibility fairto good, except in
heavy rain. In the north this becomes modi-
fied as it turns west round the seasonal
trough to the north. The turbidity coefficients
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Hand, I. F. and Wollaston, F. A.
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Moller, F.

Roy, A. K.

Stagg, J. M.

obtained for the three main seasons and June has been included among the summer
synoptic air masses for Poona and Delhi are months at Delhi since the monsoon reaches
given below—

the north later than at Poona. It will be seen
Delhi that the air is clearest duringand after the
elhi - oy s

monsoon, after the cleansing by precipitation
041  of the atmosphere of its dust content and
.059 during winter. The tropical continental air

naturally has the maximum dust content
‘041 4;1d the monsoon and polar continental air
-030  the least.
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TABLE 1
Values of total / and red /,, radiation in cal em* min and Angsirim Turbidity

Coefficient = during 1958 at New Delhi

No, ™ ~
Month of b " I /. 5 f 2 Fi 1§

ohsn. ! uhi=n

0830 I8 1130 IN
Jan 9 13-1  4-32  -u7s (IF} 73 12 380 161 1-133  -677
Feb 13 168 341 022 645 11 16 451 140 1-260 720
Mar 23 24-1 2. 41 SNT a3 o2 22 558 1-19 1-207 614
Apr 24| 32-3 1-80 + 854 384 ‘U7l 16 66 -0 1-076 54
May 15 36-5 |64 SR ala 76 15 T4-0) I-02 1-216 663
Jun v 37T 1-60 6574 365 M6 b7 00 0015 o478
Jul = = i = _
Aug 8§ 31-9 1-87 <in2 440 SUNG 5 BN-0 L-05 1-224 =508
Sep 4 278 24100 042 360 065 615 14012 14187 <486
Oct 23 245 238 Gt o83 -030 22 520 1-26 1.282 -681
Nov 24 19-5  2:64 ~O82 632 “032 21 g1 2 1-48 1-310 ST07
Dee 15 14-4 392 - 735 -4 174 16 37 -2 1-63 1-200 . ri
1430 IS8T 1730 IS8T

Jan 10 32-1  1-87 1-112 <672 036 o - = =
Fel 11 30-1 1-57 1-202 - 66 025 1 11-3 4-93 e 1] 337
Mar 16 47-4  1:33 1-178  -646 030 7137 4-15 543 <265
Apr 11 53-5 122 1066 500 015 6 153 3-69 530 238
May 11 57-3 1-16 1-075 <AT0 067 3 15-3  3-08 432 <208
Jun 3 610 1412 0-003 414 007 1 19-0  2-07 156 il
Jul - —_ — — —
Ang P 56-2  1-17 147 I 0GS | 17:0 3-30 712 127
Sep - — — — — 1 12:5 441 ST06 479
Oect 17 35-8 1-06 1-210 -2 SN2 1 -4 8-28 424 312
Noy 220 32-3 0 184 1-214 ST00 018 = -
D 14 30-2  1-97 1-125 =725 -4 - - =

Jan o Feb Mar  Apr May  Jhin Jul - Aug Sep Oet Nov

Mean s <048 -(27 {042 041 NH ST Nl 026 S48 )2

1033

043
5T
TR
o (1
-6
<003
000
016

-023

1032
010

o U

Dee

040

Mean

(F.N.)

154
031
-053

065

-1165
034
0149
<024
053
(A.X.)
1136
022
-031
‘017
065

077

A0
010
U537
018

<044

‘I“‘.II‘

045
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. TABLE 2
. Values of total 1[ and red / 2 radiation in cal/em®/min and Aongstr.‘im Turbidity
Coefficient # during 1958 at Poona

No. No.
-y Month of h m I, 1 B of h m 1, ]r & Mean
ohsn. f obsn, B

0830 IST 1130 IST
(F.N.)
Jan 26 17-8 3:17 0-853 562 -045 23 47-56 1-29 1-323 -733 -016 030

Feb 23 20-9

(3]

+39 1-010 650 -032 19 54-7 117 1'345  -761 <016 024

Mar 24 25-4  2:23 0-947 604 056 26 653  1-05

[

336 734 <024 040

Apr 18 34-2 1-70 0-997 -596 -059 19 75-9 0-97

[

267 -644 026 <042

May 12 34-7 1:66 0-953 -507 -029 20 850 095 1-1562 -591 019 <024

._
£
=
-
&
e
(8]

Jun 11 36:6 1-50 1-041 *673  -021 11 780 0-96 <009 <015

Sep 53 356

—

64 0-936  -438 012 1 635 1:06 1-250 -650 -000 <006
Oct 16 30-5 1-

=

9 1-073  -576 007 15 62:3 1-07

—

-328 (674 000 <003

Nov 21  25-1

(55

1
—

+25 1-052  -645  -029 19 52! <20 1:346 -T42 006 017

Dec 23 195

()

‘86 0-935 569 -021 20 46-9 1-35 1-328 712 004 012

1430 IST 1730 IST

(AN.)
Jan 21 41-3 1-42 1-306 -766 -010 17 11-:0 3-98 580 436 -035 -022

Feb 19 48-2 1:28 1-392 766 -003 16 13-6 4-08 -768  -473 014 <008
Mar 22 51-8 1-28 1-219 -688 034 21 14-7 3-83 <634 422 043 038

Apr 14 56-1 1-14 1-181 -639 024 18 17-2 3-28 597 -304  -037 030
May 15 581 1:12 1-091 578 <034 20 18-8 2-89 <621 344 041 037

Jun 10 59-1

ot
—
=]
—
i
3
=]
[
=t

015 12 208 2:65 <802 447 -023 021
Jul — . — — A — - . _ - — —
Ang - — — = - =y = i - e = =y —
Sep 6 47-4 1:28 1-189 567  -000 2 145 371 640 315 -011 <005
Oct 13 45-7 1-53 1:286 -666 004 65 11-8 4-58 -734 415 006 005

Nov 14 39-1 1-51 1-288 -728 008 189 3-89 925 -505 015 011

(3]

Dee 16  36-7 1-59 1-277 -713 001

[ 3]

88 6-08 <740 500 -002 <001

Jan  Teb  Mar Apr May Jun  Jul Aug Sep Oct Nov Deo Year

Mean & 026 -016 -030 -036 -031 <018 — —  +006 004 014 007 =020
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TABLE 3(a)
Mean seasonal and annual values of Intensity of solar radlation (eal em?* min) for
specified air masses during 1958
POONA NEW DELHI

r A== S T e = —_ ey,
Air mass Summer Monsoon Winter Annual Summer Monsoon Winter  Annual

0-96 1-222 1-222 1-118

(48) (48) (35)
1-00 1-180 1-280 1-406 1-289 1-023 1-195 1-395% 1-243
(62) (1) (18) (81) (54) (11) (—) (46)
125 1-137 1:163 1-333 1-227 0942 1-105 1-328 1-177
(24) (5) (103) (132) (12) (4) (26) (84)
1:50 1-054 1-060 1-264 1:160 0-860 1-033 1-260 1:007
(23) (4) (43) (70) (26) (—) (69) (81)
1:75 0-985 0-967 1:199 1-090 0-789 0-955 1-217 1:020
(22) (1) (11) (34) (10) (6) (39) (71)
2:00 0-918  0-875 1-138 1-024 0-725 0890 1-133 0951
(12) () (18) (31) (6) (5) (27) (42)
2-25 0-854 0:798%  1-077 0-960 0-667 0-830*  1-041 0-888
(11) (—) (8) (19) (12) (=) (13) (19)
250 0-798 0-728*  1-019 0-902 0-612 0-776*  1:001 0-839
(19) (—) (9) (28) (2) (=) (11) (23)
2:76 0-741 0-667* 0-968 0-847 0547 0-724% 0-926 0-776
(11) (=) (21) (32) (3) (—) (11) (13)
300 (690 0-612* 0-918 0-795 0-5156 0-678* 0-875 0-7256
(13) (—) (25) (38) (3) (—) (5) (8)
3-25 0-643 0-564* 0-869 0-748 0-475 0-635 0-831 0-678
(8) (—) (16) (24) (2) (1) (8) (12)
3-560 0+603 0:523* 0-826 0-707 0-431 0-597* 0:-778 0-635
(7) (—) (3) (12) (2) (—) (10) (12)
3-75 0-561 0-482% 0-783 0674 0-394 0-557*% 0-736 0593
(8) ) (6) (14) (N (—) (10) (12)
4:00 0-523 0-445* 0-745 0-626 0-382 0:524* 0-697 0-555
(3) (—) (1) (4) (2) —) (11) (12)
4-256 0-486 0-410* 0-708 0-589 0-375* 0-491* 0659 0-627
(1) (—) (3) (4) (—) (—) (4) (6)
4-50 0-454 0-380* 0-675 0557 —- 0-465* 0-623 0-514
(2) (—) (9) (11) ) (4) (4)

* Values by interpolation
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TABLE 3 (b)

Mean seasonal and annual values of solar radiation (cal/em®/min) for
specified angles of elevation

POONA NEW DELHI
| S —A— ) (4 A Rl
Solar Summer Monsoon Winter Annual Summer Monsoon Winter Annual
elevation
50
05 0-710 0:710 0-665 — -424 0-424
(1) (1) (1) (1) (1)
10 -525 0-708 0-677 0-475 0-709 0-884 0-775
(5) (28) (33) (9) (2) (3) (4)
15 0-632 0-640 0-810 0-711 0-613 0-821 0-819 0-569
(29) (2) (34) (65) (9) (6) (26) (37)
20 0-743 — 0-858 0-813 0-898 - 0-977 0-769
(32) (51) (83) 27) (24) (39)
25 0-781 — 1-012 0-880 0-955 0-716 0-991 0-967
(19) (20) (39) (17) (4) (23) (50)
30 0-978 0-910 1-156 1-050 0-816 — 1-103 1-008
(16) (1) (12) (29) (14) (29) (50)
35 0-963 0-910 1-217 1:085 0-613 e 1-250 1-036
(26) (2) (13) (41) (3) (42) (56)
40 1-057 1:010 1-308 1-177 1:204 — 1-228 1-052
(8) (3) (26) (39) (4) (44) (47)
45 1-103 1-210 1-308 1-265 1-135 —_ 1-265 1-252
(1) (1) (55) (57) (16) (27) (31)
60 1:247 1-193 1-334 1-295 1175 1-226 1-295 1-185
(5) 4) (43) (54) (22 2) (12) (28)
55 1-164 — 1-333 1-246 1-139 1-015 1-252 1-201
(33) (20) (53) (15) (5) (6) (30)
60 1:220 — 1-401 1-292 1045 1-157 1-344 1-113
(25) (20) (45) (10) (2) (1) (21)
65 1-223 1-250 1-275 1-244 0-963 1-163 — 1:032
(10) (1) (2) (13) (8) (6) (12)
70 1-220 — e 1-267 1-026 —_ —_ 1-029
(11) (11) (13) (14)
75 1-211 — 1-310 1-211 1-213 — — 1-026
(13) (1) (14) (2) (13)
80 1-189 - -— 1-189 — — — 1-218
(14) (14) (2)
85 1-146 —_ — 1-146 _— - e —

(20) (20)
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TABLE 4

Highest values of / recorded and the corresponding air masses month by month .

Month Air Salar

NEW DELHI (1958 POONA (195%

Serial Station Latitude Altituel B Anthority
No. fm)
1 Bangkok 13 4+ N 16 0-125 Gior
2 Modena H O34 N Al 100 (Chistoni
3 Washington 38 547 N 34 (0-098 Abbat
4 Stockholm 021 N 22 0063 Anestrim
5 Uppsala GS1°N 24 0-058 Westman
(1] Treurenberg TSN 8 0045 Westman
7 Delhi N8N 11 0045 =
8 Spitzhergen TR 007N 0-045 Westman
0 Bassonr 1160 0-031
10 Hump
Mountain A6 08" XN 1500 0-031 Abbot
11 Davaos 16 48" N 1600 0-024 Lindholm
12 Calama 22728 S 2250 0-023 Abbot
13 Poona 18732 N 550 0-020
14 Mount 34°13" N 1741 0-018 Ahbot
Wilsan
15 Equator 0-15 N 0 0-075—0-14 Gorezynski

North and
Nouth




