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.. it o0 . SOLOMON ET AL.: INTERPRETATION OF SKY ABSORFTION
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Zenith

Tangent

{a) X $90° - (b) x >90°
a= Rg+z, b=Reg+z+az a=Rg+z+az, b=Rgtz

a =sin™! Tm mmsx_

ax= [®+b2-2ab cos {x-a)] 2

Fig. 1. Schematic _n:mm_.E: of viewing geometry and path lengths.
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'of zen1th scattered éoTér
rad1at1on, the '1rrad1at1on can be calculated by integrating
the va]ue of the rad1at1on flux a1ong the vertical path.

It 1sfposs1b1e to def1ne a transfer equation of -solar
rad1at1on scattered a1ong the .ventica1 path . - .

The*caTcu1at1ons"can be s1mp11f1ed if the 'atmosphere is.
divided finto equal layers. We consider an atmospheric modsl
d1v1ded into 50 spheric layers, each Az = {1 km thick and if,

in the calculations, the summation is used instead of the
integral.

Thetdirect solar 1irradiation, which intersects the 1-th
Tayer at the height ==l Az will be:

o =1 i : L n
s | —0oCAD Ll Zuocu -L Az.z agoo L) }Qg
ILCAD = IoCAD e o=t e g=1
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where;ﬁfﬁié§Qition to the known symbols,

fCXJ_iSche molecular scattering function, derived from the
Rayleigh scattering formula, which defines the fraction
“of . the scattered radiation flux in the ground direction,
versus the diurnal variation of SZA x.

Thus in zenith-sky ground measurements using a visible and
close ultraviolet spectrophotometer thz scattered irradiance
.can be - calculated by summing the <dIL «Cx22's along the
vartical path

3 e

L.

IaCAD = E: Il,eCAD

l=1

%ﬁﬁé Atmosphéfic ‘Transfer Equation for each of the

zéﬁﬁfﬁﬁgggy' measurements iobtained with a ground-based
spectrophotometer as the GASCOOD. |
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Io{(X) . is the incident solar monochromatic radiation flux
'~ density at the top of the atmosphere (2t = 50 km);
I+(N) . -.is-the so]ar‘irkédiancé‘which reaches the layer A=
‘at the .altitude z=lAz, obliquely cross1ng part of
: the atmosphere (d1rect1on x) 3
It,:(k) 1§ﬁ,the ‘solar . .irradiance 'reaching the ground,
' . produced by scatter1ng towards the ground in the

Az layer; - 7 ' .

Ta(A) is the 1rrad1ance scattered a1ong the vertical path,
received on the ground;

oo A) represents the c¢ross section scattering of air
molecules;

og{A) with g=£,2,..,n represents the mass absorption cross

section (or simply the absorption coefficient) of
the g-th gas, present in the l-th layer;

No(i) , . for t=f, f+l,.,L~represents the average air molecule
_ _jf density in the,l th ‘layer;

Ng ' .~ with'g=f,2,7."nlis the ‘average air molecule density

" along the ent1rg atmosphere of the g~th absorber;
Hg - with . g=1,.,n is'thé air?mass factor of the g-th
o spec1es, _ :
x - .- is-the solar zen1th angle;
- L= 50 " is ‘the total number of. atmospher1c layers;

o TS

T the l~th 18Y8P,f§’

-LB t(x) is the slant’ path wh1ch crosses the vertical pat in
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‘The‘Fadiation, wh

, jch has .crossed the l=th’'layer and has been
scattered downwards by the''air.molecules present in the same
layer, contributes to the .solar radiation diffused along the
vertical . path - with the quantity ILsCx2 is made explicit in
previous .eqautions. . - i , Y . |
It -is possible to ‘define the probability  that this
radiation : flux has 'reached the - ground . with the
relationship: ; :

‘I'L;I TLI.'
Pe= Tao -
i
=1
whef%ﬁtheﬁfﬁajueé It,e and I correspond to those made

explicitiin previous equations, without the contribution of
cas .absorption and with the condition, dimplicit in the

same “definition of o , that:
A '-"f-‘( el .. .
e S

T TR S Y C . .

It s "also possible to obtain an average intensity-weighted
optinal path for zenith solar radiation measurements thus
defined: '

=0

LCx, N> = ZLLC;CJ P A

1=1

Thve A Venanr I,(M\,,ox.é-—w&%lnted Olotdcavt Path W‘O-lé
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440nm, 55N Winter
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' 7. Fig. 3. ‘Scattered flux received “at thé surface by an iipward look-
ing spectrometer at 440 nm for S5°N in winter, as a function of the
altitude where scattering occurs.
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Measurments
Reference Measured
Spectrum (Io) Spectrum (IS)

Cocfticients of absorption of examinated Gases(o)
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Masé Factori

“he fgﬁhﬂgajruﬁmass roillenric
‘at1o between the quant1ty ‘of -

lntgg?éted along a < slanted hatmospherjd".

qrr ]
quant1h “of_the same—spec1es,;

minor stratospher1c‘ - gas  has a
f its partial pressure which can .be

attrlbgted to a- gaussian profile. Therefore, the
appropriate air mass factor, for a minor stratospheric gas

depends_on the average he1ght of the gas bulk.

In genera1,' a
vert1ca1 d1str1but1on ')
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