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ABSTRACT. A reasonably reliable equation was derived (Gupta and Agarwal 1984), relating diffuse sky
radiation (Dr) on a horizontal surface to air mass (my) and Schiiepp turbidity coefficient Bin dry atmosphere with
constant albedo (4=0.25) of the terrain. The expression for Dr has been corrected for different values of precipitable
water w. Also a reasonable equation giving conversion factor for finding Dr (A) from Dr (4=0.25), for different
values of air mass m- and water vapour content w has been developzd. It has been shown that due to interaction
between Band w, within the absorption bands of water vapour, the effect of Band w cannot be individually separa-

ted

1. Introduction

The diffuse sky radiation {D,) ariives at the earth's
surface as a tesult of simple and multiple scattering. A
reasonably reliable cquation relating diffuse sky radia-
ticn D, on a hotizontal surface to air mass (m,) and
Schiepp turbidity coefficient B in a dry atmosphere
with corstant albado (A = 0.25) of the terrain was
proposed by Gupta and Acarwal (1984), as :

D, (m,)=D, (1) (0.06)-|-[0.945 10 =5 (m,0-57—1)] (1)

where,
D, (1) =646.7-—-556.7 e—23u# (2)

and m(B) = (0.684—0.364 ¢—2-4578) (3)

This 1adiation is incieasingly attenuated with increa-
sing water vapour content. Based on elaborate compu-
tations, Schuepp developed a table for estimating correc-
ticns due to water vapour contents (Robinson 1966)
as a function of B. By shifting the origin at w=0,
the Schiiepp correction table has been medified in
Table 1.

The intensity of direct solar radiation incident on a
given surface depends on the depletion along its path
through atmosphete. The depletion is small in pure air
but increases with the amount of pollution or turbidity
associated with vaiiable components such as water
vapour, dust, smoke and hnze which are generally
known as aerosol particles. To assess atmospheric
turbidity, Linke's turbidity factor T was found to be

theoretically valid, aithough its quantitative formula-
tion suffers from the defect of “virtual variation™.
Schuepp turbidity coefficient B gives mo-t valuable
information about turbidity. Majumdar et al. (1978)
definad rational turbidity factar which removes various
difficulties. Th= variation of albedo produces a consider-
able effect on D, radiation due to multiple scattering
and abcorption. For a more opaque atmosphere the
amount of energy scattered is, of course, greater both
backward and forward directions. But the intensity
scattered in the backwaid direction is somewhat greater
than the foiward scattered intensity. This is due to
multiple scattering (Robinson 1966). So the scattered
intensity and specially the backward scattered intensity
is a varying function of the surface albedo, because the
backward intensity includes the energy reflected by the
surfaca. This effect of albedo of the surface is effective
only up tc a cerain atmospheric thickness. Then the
effect diminishes due to a marked increase in atienuation
of radiation (absorption in particular). For wavelengths
greater than 0.4 u, the inciease in forward ccattered
intensity may be due to large “Mie particles”. For
wavelengths below 0.4 u the observed energy is smaller
mainly due to the absorption by ozone. Therefore,
mainly backward scattered (the negative Mie effect)
intensity is obtained.

Schiiepp (Robinson 1966) developed a graphical
method to evaluate D, for different valucs of albedo
(4=0.1to A=0.9) with m, (fromm, =1 to m,=10) and
turbidity coefficient B. A correction table for different
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TABLE 1

Corrections (in mcalcm™ mm™) for D values

w (cm)
B 0 .01 0.03 0.1 0.3 1 2 5 10
0 0 —1 —1 —2 —2 —3 —4 —5 —6
10 0 -1 —2 —3 —4 —5 —7 —9 13
.20 0 —1.4 —24 44 54 —64 —B8B4 —124 —16.4
.40 0 —.7 —-27 —4.7 —-57 —6.7 —9.7 —I15.7 —21.7

values of w ranging from 0to !0cm was also previded.
Due to nature of various complicated steps involved in
the computation, the practical use of this method has
been very limited.

In the pressnt communication, an atiempt has been
made to find an equation giving the attenuation due to
water vapour content. Also a simple formula giving a
conversion factor, to find D, (A) when A # 0.25
from D, (4=0.25) has been suggested.

2. Effect of water vapour content

Kondrtyev (1969) and Majumdar et al. (1979), have
shown that attenuation of solar radiation due to water
vapour varies almast practically as w%3.  Ths is exem-
plified in  Fig. 1, in which attenuation has been platted
against w®? for different values ol B from Table 1.
It i¢ clear that up to w=2 cm almost straight lines are
obtained. For w greater than 2 cm, it is seen that the
atteruation increases more rapidly. The curvature
further increases as B increases.

First considering the variation as w?'3 (restricting
ourselves up to w=2 cm), the slope of the various lines
have been calculated. The slope has been plotted against
B in Fig. 2, which is an exponential cuive. So we con-
clude that attenuaticn may be of the form :

AD, (W) = [ Yo — (Yn — Yg)e MBIw0es  (a)

where, ¥,, Y., and A are constants of the equatien,
which can be dstermined from Fig. 2. Putting values of
the constants in Eqn. (4), we get :

AD,(w) = [8.33 —¢78-38 x 5.082] wo-3 (5)

In the region w > 2 cm, the attenuation increases
more rapidly. Further, attenuation also increases with
B, showing that interaction between B and w becomes
more strong and the effect ot B ard w cannot be indi-
vidually isolated. Water vapour and dust (haze) are
the most important sources of turbidity. The absorption
of radiation: by water becomes more important at higher
turbidities, because the absorption is limited to the
infrared part of the solar spectrum. With a high atmos-
pheric water content the far infrared radiation is also
completely absorbed. 'To account for this variation,
attenuation may be of the form [l +f(B, w)] wo-3
instead of w?'®  where f(B, w)isa function depending
upon both B and w. Its value can be estimated from
Fig. 1. The slope of lines increase recularly with both
B and w, so f (B, w) may be taken proportional to both,
B and w. Majumdar er al (1979), however, showed that
the effect of B and w are inseparable, / (B, w) may be

taken as f(B, w)=K Bw~0.1 Bw, where, K is a constant
of proportionality.

Thus the formula for calculating attenuaticn for
different values of B and w then becomes :

AD (W)= [8.33—5.082¢~6-18] [1 0. 1 Buw]wo-3

3. Effect of albedo and air mass

The value of diffuse sky radiation on a horizontal
surface reaches its peak value at unit air mass (m,=1)
and decieases as m, increases. It also increases almost
lingatly with albedo (Schiiepp graph, Robinson). We
can represent D,(A) for w=2 ¢cm and B=0 in terms of
D, (A=0.25) by introducing a conversion factor R as :

D, (A) = D, (A = 0.25) + D (A4 = 0.25) R(4) (7)
As the value of D, decreases exponentially as m, ir-
creases and assuming that the value of R also decreases

exponentially with increasing m,, the value of R can be
written 2s :

R=Ry+ (Ry— Ryp) e M,
Ry= Max. value of R
R, = Minimum value of R
A=Some ccnstant to be determined.
As assumed earlier, that D,(A) is linearly related to
albedo, it will be mere reasonable to plot D, (A)against
albedo. It should then yield a stra’ght line for each value
of m, and each line should pass through (0.25, I). The
slope of each line decreases as m, increases for different
values of albedo and approaches zero as m, - oo,
for all values of albedo. The relationship can then be
representec as ;
_ D@
D, (A=0.25)

(6)

(5)

where,

1 4+ Ry 4 [(Ry— R,) & A

(A —0.25) 9)
4. Present approach

The values of conversion factor R (for different air
mass m, and albedo 4) were extracted from Schiepp
graph, though for a fixed water vapour content fw—
2 cm) of the atmosphere and Schiiepp turbidity coeffi-
cient B=0. Schiepp has also provided a correctior
table for w2 cm also. We first consider the value
of R for w=2 cm. Later we shall introduce effect of
w (water vapour content) on R for different values of
w also. By plotting the conversion factor found (by
using Schiiepp graph) against albedo fo1 different values
of m,, straight lines were fitted to the points. Each line
55;132 ltggloltlgcl‘[l (O.d:‘ZS, 1) {Flig.béi]. The slope of each line

ated and a gra twe 1
also plotted (Fig. 4). i = S0 A o5,
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Figs. 5(a)-(d).

The graphs between Schitepp values and estimated values of corrections for B=0,0.1,0.2 and 0.4
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Figs. 6(a)-(d). The graphs between Schiiepp values and estimated values of conversion factor for m, =1 .5,2,3and 4
Sincs the conveision factor R decreases exporentially So the expression for R is then given by :
with m, the relationship for R should be of the form:
R = 0.4096--1.4536 < ¢—05555m _gand
| AR :
Y = Y, + (Y, Y.)e (10) D,(A)(A#0.25, m w
v ATk %) — 1 4 [0.409 +

Taking the equidistant pcints on the curve corresponding
to m,=1. 5 and 9 respectively, the values of various
constants are obtained as fcllows :

A = 0.5555 Ry, — 0.4096

Ry—R,, —1.4536

D(A=0.25,w=2cm, B=0)
+1.4536 e—0-5585m 15 (4 — 0.25) (11)

The values of R have been calculated by using abcve
equation for different values of 4 and m,. Figs. 6 (a)-(f)
show that calculated values are in close agieement with
Schiiepp values.
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5. Effect of water vapour

Attenuation of solar radiation due to water vapour
varies as w®3 (Majumdar er al. 1979). D, a!;o
may be assumed to vary with water vapour content in
the same way. The value of D, (4. w) can then be wiitten
as !

(A, w)

15 [R(A 9.25)] f(w)(12)

D (A, w)
D,(A=-0.25w--2cm)
where. f(w) is a function of w. It can be expressed as
f(w) = €+ Cyuwd)? (13)
where, ¢, and C, aie constants.

For evaluation of the constants ¢, and C, various
values of fiw) for different values of w were extracted
from Schiiepp chart. The least square method has been
used to fit the data in the Eqn. (13). The values of
Cy and C, are obtained.

So. flw) 1.21 - 0.185 w03 (14)
So for B—0. the conversion equation becomes :

D, (4, v} 1 [R(A 0.29]f0)  (15)
D, (A=0.25, w=2 cm) [R{ ]

where, R — 0.4096 -1.4536 ¢—"-iaan

and  f(w)= 1.21 0,185 n"3

6. Conclusion

A 1eascnably reliable equation, relating diffuse sky ra-
diation D, on a horizontal surface to air mass m,, water
vapour cortent (w=0 to 10 ¢m) and albedo (4=0.1
to 0.9) fer B=0 has been derived. The Egn. (6) gives
attenuation for different values of B and w at constant
albedo. This equation shoews that attenua‘ion increases
almost lirearly as w®?* up to w=2 c¢m. Beyond this
value the interaction between B and w becomes moie
stiongand the effect of B and w cannot be separated
from each other. In thic region the scattering of radia-
tiecn by aerosol particles ar.d absorption of the same by
water vapour take place simultaneously, so that the
attenustion increases moie rapidly. The attenuation is
small for pure air but increases with the turbidity. The
turbidity B acts principally ir the visible region and water
vapour almost exclusively in the infraied region. The
effect of absorption by water vapour becomes more and
more important at higher turbidities. Using Egn.
(15) D,. can be caiculated for any value of albedo A
and w. A suitable expiestion to accourt fer the effect
of B can be applied to it. It has been found that D,
decieases as m, ‘ncreases but increases as albedo in-
creases. Thi: happens due to increasing multiple :catter-
ing of radiation as albedo increases. The ab:orption
of radiation ‘ncieases as w increases. and hence D,
decieases.
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