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The Rational Turbidity Factor, T, has been oarrelated with Ang&rom-Bchuepp -Turbidity Codcient, -f3 for 
difftirent values of precipitable water, W ,  atunit air mass so as to eliminate the effect of virtual variation with air mass. 
$t is sholfn &at due to interaction beltween B and W wi$hin the absorption bands of water vapour, it is not possible 
to4solate4he effects,of B and W. 

In our earlier paper1, a new measure of total atmospheric turbidity, termed as ' Rational Turbidity 
Factor, T,, was defbed in wder toavercome the limitations of Linke's Turbidity Pactor, T. T, is made up 
of t&re~ c o ~ a e n t s ,  name$, 4i) pare and dry air ($he bask effect), (di) precipitable water vapour, W 
and'.(&) a-01 particles in $be atmosphere (dust, mob,  haze). Naturally, one would like to knbw how 
T*, campares with sxkifhg measures of turbidity, n w o f  which is likely to be free frcm virtual variation, 
with air mass. The only reliable masureof turbidity based on measurement of total direct solar radiation 
at normal incidence (i.e. without filters) is the h@r~m-8c_hmpp turbidity coefficient, B2, defined by 

where adis the extinction coeEcient due to aerosols, and A is the wave length of monochromatic radiatjon. 
The constan+ d u e  of the exponent; wiz., -1.5, is basedon the assumption of a &xed particle-size distri- 
bution which is a-serious limitation of the turbidity coefficient, 8. 

The object of the pagent paper is to corre1at;e T, with B and W at mit  air mass so as to elimkate 
the effect of any possible vi&al variation with air mass. The effect of variation of air mass will be consi- 
dered in a subsequent paper. 

C O R R E L A T I O N  O F  T p  W I T H  B A N D  W F O R  U N I T  A I R  M A S S  m,=l 
- 

Baed on ela;borate computations, fhhuepp3 developed a diagram for estimating direct so1a.r radiation 
at aormal incidenoe as a function of B, V, and un,. This diagram, according to Schuepp, is not (3ornpletely 
self-suEeient. Four kinds of corrections have to be applied: (1) for atmospheric pressure, (2) for linlihtions 
in the construction of the graph, (3) for diflerences in the ozone amtent, and (4) for the redudion to mean 
solar distance. Wit& the corrections applied as suggested by &huepp4 the residual error in estimathg 
direct solar radiation at normal incidence I is claimed to be within I)_: 3%. 

We have made use of Schuepp's &art with due corrections, and the values of I obtained for different 
values of B (0 to 1) and W (0 -5-10 om) are presented in Table 1 for unit air mass (m,=l). We have asau- 
med a mean atmospheric ozone content of 0,=0 -34 cm NTP (IGY soale), since its actua3 variation, seam- 
nal or otherwise, has been found to have little efEiect on T,. The corresponding values of T, are also given is 
the same $able, where I: is given by1 (for m, = 1). 

(2) 

It is know4 that attenuation of solar radiation due to water vapour varies practically as WoS3 for 
most; praotical purposes. This is exemplified in Fig. 1, in which !CF is pIottea against Woe3  for different 
values of By from Table ,l. We may, therefore, be justified in expressing T, ia the form 
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TABLE 1 

INTENSI'PY OE DIREUT SOLAR RADIATION AT NORMAL INOIDENUE IN U A L / ~ ~ N ~  MIN, AXD RATIONAL TURBIDITY EAUTOR (Tr)  EoR 
UNIT AIR MASS (lt&p*l) M REtBTIOT TO B AND W 8% MEAN SO&AR DISTrnUP 

.. - 
(I values extracted from Schuepps with due correctians) 

Atmospheric pressure 1000 mb, 0,=0;34 am B?!2P (ICY Scale) . . .  

W cm 
7- -4-A- --* 

B 0.6 2 6 10 

- -  -3___) ' ------- -- 
I Tr 1 *r f T,  - I 

-- - . ,  
Tr 

'T-- _3 ' .  --- 
0 1.56 2-86 1.49 3 ~66 1.40 4-80 1 .a1 6.35 

0 -1 1.37 6-36 1.27 7-08 1.18 8-99 1.11 10.71 

0 -2 1-19 . 8.76 1 el0 10.97 1.01 13.61 0 a940 16 -02 

0 -4 0.921 16.74 0 435 20 ~36 0 4'75 23 3 1  0.716 26 670 
I 

0 -6 0.718 26.52 0.660 30.95 0.595 38-14 0.645 39 42 
1 -0 0 -477 46.59 0.423 83.39 0.380 59 -78 0.345 ' 66 431 

- 
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Rg. 1 Linear relationship between Tr & Wow' ab unit air mass for different values of 'B', 
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A - 
where a and b are obviously related to B. ~ b r  pure dry air, W=O and B=O, so that Tr = 1 by dehition. 
It; follows, therefore, that a=l for B=O . In Fig. 2,-the graph (a-1) plotted agaiast B OD log-log scale 
shows a h e a r  relatimship, from which we obtain 

a = 1 + 33.54 B!.479 (4) 

The'Valuea of the slopes b obtained fr- Fig. 1 are also plotted against (B+O.l) on log-log scale in 
Fig. 3, $0 M to  yield almost a perfect linear relationship. Rom Big. 3, we obtain 

b = 15 ( B  + 0.1)0.796 (5) 
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Fig. 2 (-1) plotted against 'B' 04 log-log scale. Fig. 3 b plotted against (B+ 0 -1) log-log scale. 

The find fornula, connecting T, with B and B for 61; air mass (*=I) is therefore 

T ,  = (1 f 33.64B1.479) f 16 ( B  + 0-1)0*796 Wom3 (6)  

The interadion between B aad W is clearly indicated by the second term on the right hand side of 
equation (6). 

P R E D I C T I O N  O F  D I R E C T  S O L A R  R A D I A T ' I O N  F R O M  B A N D  
W F O R  U N I T  AIR M A S S  

With the knowledge of the Rational Turbidity 2.0 LINE OF EQUAL11 
Factor T?, one can immediately estimate the inten- ,L 
sity of direct solar radiation at normal incidence 4 1.5 
with the help of the formuld. C- w a 

log I = 0,32491 - 0.072376 (m Tv)O." (7) ,o 
w .c 

For unit air mass (m,=l), the above equation E 
reduces to ST,. 

log I = 0 -32491 - 0.072375 TP.57 L L ?  RANGE OF : 
(8) 2 W 0.5- 10 cm 

c , 0.5 
In order to avoid tedious oo mputatioaal work, a 2 B 0-1 

I nomogram was presented in the earlier paper. 

Values of f computed from (8) have been " 
plotted in Fig. 4. against values of I from Table 1 0.5 1.0 1.5 2.0 2.5 

I FROM SCHUEPP'S CHART (Cal.cmT2 min-' 1 
on log-log scale. The agreement between the two 
sets of values, as be seen from the figure, is Fig. 4 1  computed from proposed formula oompared with 

I obtained from schuepp's ohart for different values 
ahnost perfect. of 'W' & 'B' at unit air mass. 

37 



- D Z S C U E l S l O N  

Nene of ehe exist+ measures of atmospheric turbidity has been f0ur.d to be free from vidual variatio~ 
with 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 /3 is also based on a b e d  particle-size dis- 
tribution. The exponent of X is -1.6 in  the former case and -1 - 3  in the latter. Edjmation of B require6 
the knowledge of precipitable w te r  W while that of /3 does nat requize the knowledge of W, its effect being 
eliminated by use of the red filter, since $be abssrption bands of mte r  vapour axe locaked ib the iafra-red 
region of solar radiation. Estimation of precipihble water vapour in the atmo$phere, however, does not 
prebent any serious problem as shorn in our earlier pap&-rs6,a. . 

The Rational Turbidity Factor T, OD the other h a d ,  does not assume any fixed pmicle-size diitri- 
bution of aerosol particles, which is its chief merit. However, i t  is also not likely to be free from vi&ual 
variation with air mas8 which, according to Linke, is due to spectral dependence of the Extinction 
Co-&&eat a. 

In the present paper, it has been clearly demonstrated with the help of (6) that the effect of B and W 
are inseparable. This is because scattering of radiation by aerosol pw'ticles and absorptionaf the by 
water vapour coex3st within the absorption bands of water vapour, so that the two effects carnot be 
isolated from esoh other. This interaction becomes more proaounced with increasing size of particles, s in~e 
the negative exponent of h in (1) appromhes zero for large particles7. 
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