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‘The Retional Turbidity Factor, T, has been correlated with -Angstrom: -Schuepp ~Turbidity - €oefficient, B for -
d ifferent values of precipitable water, W, at unit air mass so as to eliminate the effect of virtual variation with air mass.

Tt is shown that due to interaction between Bapd W Wlt-hm the absorption bands of water vapour, it is not possible
todsolateshe effects of B and W. .

Tn our earlier paper’, a new measure of total atmosphenc turbldlty, termed as ‘ Rational Turbidity

- Factor, T,, was defined in, order to‘0vercome the limitations of Linke’s Turbidity Factor, T. T, is made up
of three components, name}y, i) pure and dry air (the basic effect), (4t) preeipitable water vapour, W
and’ (#1) aewasol particles in the atmosphere (dust, . moke, haze). Naturally, one would like to know how
T,, compares with existing measures of turbidity, none of which is likely to be free frcm virtual variation,
with air mass. The only reliable measure of turbidity based on measurement of total direct solar radiation
at normal incidence (i.e. without ﬁlters) is the Angsbrom-Schuepp turbidity coefficient, B?, defined by

= B (20)=L5 Y

Where tzig the extmc’clon coefficient due to aerosols, and A is the wave length of monochromatic ra,dla,txon
The constant value of the exponent; viz., —1-5, is based on ‘the assumption of a fixed partmle—sxze d.astn-
bution which is a-serious limitation of the turbidity coefficient, B. :

The object of the pregent paper is to correlate T, with B and W at unit air mass s0 as to eliminate
the effect of any possible virtual variation with air mass. The effect of variation of air mass will be eonsi-
dered in a subsequent paper.

CORRELATION OF 7, WITH B AND W FOR UNIT AIR MASS m—-—i

" Based on elaborate computations, Schuepp? developed a diagram for estimating direct solar radiation
at normal incidence as a function of B, W, and m,. This diagram, according to Schuepp, is not completely
self-suffieient. Four kinds of eorrections have to be applied: (Z) for atmospheric pressure, (2) for limitations
in the construetion of the graph, (3) for difterences in the ozone eontent, and (£) for the reduction to mean
solar distance. With the corrections applied as suggested by Schuepp?, the residual error in estimating
direct solar radiation at normal incidence I is claimed to be within - 3%. ;

We have made use of Schuepp’s chart with due corrections, and the values of I obtained for different
values of B (O to 1) and W (0-5—10 cm) are presented in Table 1 for unit air mass (m,=1). We have assu-
med a mean atmospheric ozone content of O;=0-34 ecm NTP (IGY scale), since its actual variation, seaso-

- nal or otherwise, hasbeen found to have little effiect on 7',. The corresponding values of T, are also given: m
the same table, where 7, is given byl (for m, =1).

7, = ( 0-32491 — log I )‘1'10"57

5072375 @)

Tt is known? that atbenuatlon of solar radiation. due to water vapour varies practically as W03 for
most practical purposes. This is exemplified in Fig. 1, in which 7, is plotted against W°-2 for different
values of B, from Table.1. We may, therefore, be justified in expressing 7'»in the form

T, =a}bWwes : (3)
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Fig. 1 Linear relationship between Ty & W03 at unit-air mass for different values of ‘B’,
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where a and b are obvlously related to B For pure dry air; W-_O and B——O 50 that Tr =1 by deﬁmtlon.
Tt follows, therefore, that a=1 for B=0 . In Fig. 2, the graph (a——l) plotted against B on log-log scale
shows a linear relat10nsh1p, from which we obtain -

Ce=1-438B4Bum (4)“

" The’ Values of the s10pes b obtamed from Fig. 1 are ‘also  plotted agamst (B—|—0 1) on log-IOg scale in
l‘lg 3,80 as t0 yield a.lm0st a perfect linear relat1onsh1p From Flg 3, we obtain

=15 (B+0: 1)0796‘ (8)
© 60 ) - ' |479 B ) 20“:
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Tig. 2 (a—1) plotted against ‘B’ on log-log scale.
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Fig. 3 b plotted a.galnst (B+0 1) log log scale.

The final formula. cormeebmu T with B and W for unit air mass (m,——l) is therefore
| T, = (1 4 33-54B1-4%) 4 15 (B o 0-1)07% W2 (6)
The interaction between B a.nd Wis clearly mdlcated by the second term on the rlght hand side of

v equation (6). ; -

PREDICTION OF DIRECT SOLAR B,ADIA'J.‘ION FROM B AND
W FOR UNIT AIR MASS

With the k:nowledge of the Rational Turbidity
Factor T, one can immediately estimate the inten-
sity of direct solar radiation at normal 11101(161106 I
with the help of the formulat,

log I = 0-32491 — 0-072375 (my T0-5" ()

For unit air mass (m,=1),
reduces to

log I =0-32491 — 0-072376 257 (8)

the above equation

In order to avoid tedious c0 mputational work, a
nomogram was presented in the earlier paper.

Values of I computed from (8) have been
plotted in Fig. 4. against values of I from Table 1
on log-log scale., The agreement between the two
sets of values, as can be seen from the figure, is
almost perfect.
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X DiSCUSSION

~ None of the emst ‘measures of atmospheric turbidity has been- fourd to be free from vxrt:ual variation
W1th air mass. Angstrom—Schuepp Turbidity Coefficient B has the further limitation that it is based on a
fixed particle-size distribution. Angstrom’s Turbidity Coefficient 8 is also based on a fixed particle-size dis-
tribution. The exponent of A is —1-5 in the former case and —1-3 in the latter. Estimation of B requires
the knowledge of precipitable water W while that of 8 does not require the knowledge of W, its effect being
eliminated by use of the red filter, since the absorption bands of water vapour are located in the infra-red
region of solar radiation. Estimation of precipitable water vapour in the atmosPhere, however, does not
present any serious problem as shown in our ea;:rher paperss,S. -

* The Rational Turbidity Factor 7, on the other hand, does 1ot assumme any ﬁxed particle-size distri-
bution of aerosol particles, which is its chief merit. However, itis also not likely to be free from viztual
variation with air mass whlch according to Linke, is -due to spectra,l dependpnce of the Extmctlon
Co-efficient a. :

In the present paper, it has been clearly d'emonstrated With the help of (6) that the effect of B and W
are ingeparable. This is because scattering of radiation by aerosol particles and absorption-of the same by
water vapour coexist within the absorption bands of water vapour, so that the two effects catinot be
isolated from each other. This interaction becomes more pronounced with increasing size of partlcles, sinee
the negative expon.ent of ,\ in (1) approaehes zero for large particles’. : :
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