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Depletio n of Sola r Radiation by particulate matter in the atmosphere ­
A study with special reference to New Delhi
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AH T RACT. The depletion of solar rndint.ion in the wave length range o-ar i.L to O· 63 IJ. by pertlcula te mat te r
in the atmosphere. appears to be a ueef.•1measure of pert tculate content . A method of computing this depletion from
pyrhcliometer obscrvet .ioua of direct solar radiation. sep ara ti ng att enuatio n due to scattering by atmos pheric gasee
en d water va p our, hall been described. Values of this dUFlI, depletion factor d haw been computed for ~ewllelhi
for the hot dr~' season (AI'cil-June ) for- five yeere IHOI to 196 \ and compared with values of Angstr'lm turbidity
ccefficie-nt frr th..· aa tr.e etutkm,

r, Introduction

Estimation of amounts of part iculate matter in
the lower and middl e t roposphere is a matter of
great pra ctical inte rest especially du ring the hot
dry summer over north India. While there is no
simple method of direc t esti mat ion of dust concen­
t ration and its vari ation from day to day, it is
genera lly accepted that deplet ion of solar rad ia­
tion by particulate matte r can be takcn as a useful
measure of dust conceutrut ion. This depletion of
radiation can be com puted from routin e measur 1

men ts of direct solar radiation made over the whole
spect rum and ill selected spec tral regions at
stat ions using pyrheliometers. However, dust
particles in the atmosphere have a wide size
spectrum and are large in comparison with the
wav elength of solar radiatio n. Hence the extinction
of radiation by dust varies with wavelength in a
compl icated manner . Vari ous ' t urbidity coeffi ­
cients' or 'turbidity factors' (Link e 1922, 1942;
Angstrom 1929, 1930; Schtiepp 1949, 1953) have
been defined in th e literature as measures of
turbidit y, i .e., ex tinction by water vapollr, haze
und dust .

A new quan t ity which may be defined as "the
tota l fraction of incoming solar radiat ion in the
wavelength runge O· ;U Il to 0 ·63 p. which is
scattered, diffusely reflected or absorbed by all solid
or liquid particles suspended in a cloudless at mos­
phere" is introduced in this paper. For brevity
we sha ll ca ll thi s quantity "dust depletion factor
for shortwaves (Kurzstrnhlung)" and represent it
by t he symbol d. Yalues of th is quant ity for New
Delhi in t he hot dry season have been worked out
and compared with va lues of Angstrom turbidity
coefficient f3 which arc also ava ilable for this
station.

2. Atmospheric transmission
The Angstrom pyrheliometer measures t he

intensity of direct solar radiatio n received a t tbe
ground after absorp tion and scattering by at mos­
pheric gases, water vapour and part iculate matter.

The ratio a of this intensity I to the inte nsity o f
solar radiation outside the atmosphere 10 may be
called the atmospheric t ransmission factor.
The transm ission factor for a cloud- Irco, dust-free
atmosphere , i.e., for an atmosphere where only
th e absorption and scattering by atmospheric
gased and water vapour is taken into account,
represented by t he symbol " ...w (In represent ing
optical air mass and 10 the precipitable water
conte nt ) can be computed from data nvuilable on
scattering and absorption by t hese gases. Kimball
(19~7 , 1928, 1931) introduced a quantity dd =

a'm,w - a which gives th e fraction of solar radiation
depleted by dust. Kimb all prepared a chart giv ­
ing am.ll' for various values of m and w. Knowing
a (as t he ratio 1/10) and (1'''0, dd could be como
pu ted as th e ditTerence between t he two quantities.
Such computa t ions have been made by Kimball
(1927, 1931) and by Klein (1948) for various
stations.

The most important of the other measures of
turbidity referred to earlier is the Angstrom tur­
bidity coefficient f3 (Angstrom 1929, 1930) which
is a measure of the deplet ion by dust and by
scattering due to water vapour. The determina ­
tion of thi s coefficient is generally recommended
and is being made at many radiation stat ions
inclnding New Delhi (Mani and Chacko 1963).

(J may be defined by the relation -

tn• . "D. = m•. f3 A-<X

where ao; is the extinction coe fficient for atmos­
pheric haze corres ponding to wavelength A, m.
is the relative air mass and (J. is an index which
is less than 4. It may be mentioned that an,
includes the effect of scattering (but not absorp ­
tion) by water vapour in addition to extinction by
dus t. Accordi ng to Angstrom the scattering by
water va pour and by dust cannot be complete ly
separated. The exponent should be 4 for very
small particles for which Rayleigh scatter ing












