Rayleigh Scatter

The extinction by Raleigh scatter varies with wavelength in a smooth and calculable manner. For the whole atmosphere the vertical optical depth is given by:
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where
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is the Rayleigh mass scattering coefficient 
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is the more usually quoted volume scattering coefficient.

If 
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is the number density if molecules at the particular pressure p and temperature 
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where k is the gas constant per molecule):
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where 
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R

J

 is the Rayleigh scattering cross-section. For air at standard pressure and temperature:
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where
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are the refraction index and molecular number density of air respectively at STP, and the factor in large brackets takes account of the optical  anisotropy of air molecules. Penndorf (1957) took 
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 to be 0.035 which is a fair mean of various experimental and theoretical evaluations of the term.
A common technique is to assume that 
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 constant on the basis of the Gladstone and Dale law (see Longhurst, 1960, p. 417) that for a gas 
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 is a constant. On the basis, by expanding 
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 is very close to untiy:
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or:
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Equation [6.10] is the usually quoted formula for
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. However, it should be realized that both equations [6.10] and [6.11] are approximations valid to an accuracy of only 
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 over the atmospheric range of temperatures. The error arises because 
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 is the fact a function of temperature. The correct formula for 
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 in equation [6.8] is:
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RADIATION AT THE GROUND
where both n and 
[image: image24.wmf]L
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 must be computed as their separate function of temperature. For details of such computations r ‘er again to Penndorf (1957).

In the present context of total atmospheric extinction, where most of the scatter occurs in the lower atmosphere because the density of 
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 is largest there, the effect of temperature on the overall optical depth is reduced to the 1% level. Equation [6.10] is sufficiently accurate except for the more refined remote sensing applications such as the determination of monochromatic turbidities. Thus by making use of Edlen’s (1953) formula for the refractive index of air at STP:
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where the wavelength 
[image: image27.wmf]l

 is in microns, one can perform the calculations indicated by equations [6.9], [6.10] and [6.7] to produce the vertical optical depth 
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 of the whole atmosphere as a function of wavelength. Various simplifications of this function are available of which the most commonly used is probably that quoted by N. Robinson (1966) for standard pressure:
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where 
[image: image30.wmf]l

 is in microns.


Since the surface pressure 
[image: image31.wmf]g

p

 is a measure of the total mass of the atmosphere, optical depth is closely proportional to 
[image: image32.wmf]g

p

 for the relatively small changes which do occur. Thus the final equation for the irradiance of the direct beam of the sun at the bottom of a clean dry atmosphere becomes:
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where 
[image: image34.wmf]l
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 is given by equation [6.14] and 
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 is the standard surface pressure of 

1012 mb.


Despite the fact that Beer’s law is not valid when applied to overall bands, it is sometimes convenient for computational purposes to perform the integration over wavelength and force the final result into the exponent form. That is, to set by definition:
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Where the “mean optical depth” 
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is no longer a constant (as is the case for Beer’s law) but is itself a function of relative air mass
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. Table 6.1 (after N. Robinson, 1966) gives 
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 and the corresponding values of direct beam irradiance as a function of 
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, where the value for solar constant has been chosen as 135.6 mW cm
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TABLE 6.1
Rayleigh scatter “mean optical depth” and corresponding

direct beam irradiance as a function relative air mass
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	0.5
	0.105
	128.6

	1.0
	0.099
	122.8

	1.5
	0.094
	117.7

	2.0
	0.089
	113.5

	3.0
	0.082
	106.0

	4.0
	0.076
	100.0

	6.0
	0.067
	90.7

	8.0
	0.060
	83.9

	10.0
	0.055
	78.2


Ozone and water vapour absorption

The transmission or absorption functions of these two gases have already been discussed in the previous chapter and the parameterized versions of the wavelength integrated absorptances are given there by equations [5.1] and [5.2] for ozone and by equation [5.10] for water vapour. In the case of ozone one can take advantage of the fact its absorption takes place mostly above the main bulk of the atmosphere and of the fact that the total  ozone absorption in the direct beam is in any event small ( a few percent of the solar constant) compared with total Rayleigh extinction. Further, the ozone absorption occurs at wavelengths in the ultraviolet and visible where also the Rayleigh scatter is dominant so that to a first approximation the two transmittances are multiplicative. Thus the surface value of the direct beam irradiance I in a clean dry atmosphere containing ozone might be expressed:
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where 
[image: image46.wmf]oz

u

 is the vertical path of ozone as in the previous chapter.


Similarly the water vapour absorption occurs at wavelengths outside those affected by ozone and Raleigh scatter so that the relevant transmittances are roughly additive. Thus for a clean “wet” atmosphere containing ozone:
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where 
[image: image48.wmf]wv

u

 is the total water path in the vertical column of the atmosphere. Preferably it should be the pressure and temperature corrected effective water path to equation [5.13].
Laugley Plot

Assume that the atmosphere consists of plane parallel layers. At a given sun’s position, which is denoted by the solar zenith angle
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, the effective path length of the air mass is u sec
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  (2.5)
In this equation, 
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 is the height of the station. On the basis of the Beer-Bouguer-Lambert law. the irradiance F of the direct solar radiation of wavelength 
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 observed at the surface level is given by
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   (2.6)
Where 
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 is the monochromatic solar irradiance at the top of the atmosphere, 
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 denotes the monochromatic mass extinction cross section, 
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 is the monochromatic transmissivity defined in Eq. (1.51), and 
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represents the ratio of the air mass between the sun and observer and that at the local zenith distance. Upon taking the logarithm, we find
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      (2.7)


Observation of 
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 may be made for several zenith angles during a single day. If the atmospheric properties do not change during the observational period, then the transmissivity 
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 is constant. A plot of 
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 versus m shown in fig. 2.8 may be extrapolated to the zero point, which represents the top of the atmosphere (m = 0). If  observations of the monochromatic irradiance are carried out for wavelengths covering the entire solar spectrum, then form Eq. (2.6) we have
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       (2.8)
Where N is total number of the monochromatic irradiance measured. Let d denote the actual distance between the earth and the sun, then form the energy conservation principle the solar constant is 
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Fig. 2.8 Hypothetical abserved monochromatic solar irradiances 
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 as a function of the effective path length
simply given by
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The foregoing outlines theoretical procedures of the Smithsonian long method for the determining of the solar constant. However, as illustrated in Fig 2.6, the atmosphere is essentially opaque for wavelengths shorter than about 0.34
[image: image73.wmf]m

m, and for wavelengths longer than about 2.5
[image: image74.wmf]m

m. Consequently, flux density observations cannot be made in these regions. Therefore empirical corrections are needed for the omitted ranges, which account for about 8” of the solar flux.
There are sources of error inherent in the Smithsonian long method caused by:
1. empirical corrections for absorption of ultraviolet by ozone, and absorption of infrared by water vapor and carbon dioxide in the wings of the solar spectrum;
2. an unknown amount of diffuse radiation entering the aperture of the observing instrument;

3. variations of 
[image: image75.wmf]l
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 and possible effects of  aerosols during a series of measurements, and

4. measurement errors. Therefore, in spite of very careful evaluations and observations, a certain amount of error is inevitable.
INSOLATION COMPONENTS
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direct component, I
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                                       Observer
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Figure 1
 The intensity, or amount, of radiant energy transported by electromagnetic waves decrease as we move away from a radiating abject, because the same amount of energy is spread over a larger area.
 P is a point source of radiant intensity I, and dA is an area whose normal is at an angle 
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 to the line PQ. PQ has length s. The radiant flux 
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Illustrating the cosine and inverse –square laws of irradiance.

Where 
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 is the solid angle subtended at P by dA and is given by 
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The irradiance over dA is thus proportional to the cosine of the angle between the surface normal and the central ray PQ; this is referred to as the cosine law of irradiance. The irradiance over dA is also inversely proportional to the square of the distance from the point source, the so-called inverse-square law. The inverse-square law is strictly true only for mathematical point sources, but results are accurate to 1% when s is greater than 5 times the maximum source dimension as waved from a point on the surface dA.
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