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Radiation balance of the earth-atmosphere systems
from satellite radiation measurements

A. MANI

AH.':iTIL\CT. flat<:llit-e radiAtion moeaurcmcnta have gtecn for tho tifAt timo direct Jt lnbal nJ08.8 Ull'Ulf"nl tl of th('
fa.(l~.t~on ba la nce or th? t·8 ' l h.atmo~phf'~ "pwm. Tho va luM or albedo, outgoi~ lu~ wave radiatiun and tho
radiation balene obta ined frum sa te llite nUWlUrcnwn~ agroo fairly ",ell with ground based and airborne
meeeurements but more extensive aircraft and balloon borne measurements are n eroSMty t-ocheck tho quillity of
tho results , particula.rly tho tro pics,

1. lntro t uetlo n

In studies of t he net nulia tion or t he eart h
ntmo..phcre <;zystem, we have to consider only two
energy fluxes, the absorbed solar radiation and the
re-emitted longwave radiation . The absorbed
solar radi ation (8 - R) is given by the difference
betwee n the incom ing solar radiation 8 and the
reflected shortwave radia tion R, R/8 being the
albedo, while th e radiation balance or net rad iat ion
Q is exprc.ssed as the difference between th e solar
radiation absorbed hy the ear th-atmosphere
system (8 - R) and the outgoing rad iation E,

Q = (8 - R) - E (1)

or the shortwave radiation reaching the top of the
atmosphere about 99 per cent lies witbin the
spectml range 0 ·2 -4 · 0/, . Shortwave radiation
having wavelength less than 0 ·3/, forms onlv
1· 2 per cent of the downward radiation and fs
almost completely abso rbed in the atmospheric
layers above 50 km abov e the earth's surface. Of
the res t, about 60 to 70 per cent is absorbed mainly
at the ground and in the troposphere, while 30 to 40
per cent i~ scattered and reflected from ground to
space. Of tbe outgoing longwsve radiation only
abo ut [, per cent originates above the tropopause,
the main part being emi tted from the ground and
the troposphere. Tbu s for any measurement of the
radiative budget of the earth-atmosphere system
we need consider only th e radiation balance at a
level less than 30-50 km above the surface. Chan
ges in the net radi ation at this level are closely
related to all ntmospherie processes helo'w this
level.

Theoretical computation of the radiation balance
of the earth-atmosphere system, based mainly

on climatological data , have been made for many
years (London 1957). But ac tua l measurements of
a ll components of t he radiation balance from air
emft and balloons have been made only at a few
places (Kondratyev el al. 1960). Radiometer
soundings provide experimental data bu t only on
values of outgoing radia tion in the free a tmosphere
p lani et al. 1965). Sate llite rad iation meas urements
have given for t he first time direct global
measurements of the radiation balance of th e
ear th-a tmosphere syste m.

2. S.lt, lllte measurements of radiation balance

The first radiation experiment was flown on
Kxplorer VIII (Weinstein and Sourni 1961) followed
by those on TlROS Satellites II, III, IV and VII.
TIROS VII obtained continuous data over the
ear th for more than a year and Bnndeen et al.
(1965) worked out n limited climato logy of th e
spatial and temporal va riations of the total out
going longwave radiation and t be planetary a lbedo.
TIROS provided only data between OOoN and
000f> !,nd reliable resu!la. were obtained only for
outgoing longwave rad iation, Resul ts obta ined of
th? r,cfleeted solar radiation showed large uncer
tai nt ies du e to poet-launch degredation of iustru
mental response and t he ass umption of complete
isotropic reflection characte ristics or the earth
atmosphere system,

Nimbus II was the first satellite to measure the
rad iation balance of the entire globe. Raschke ,
MoUer and Bandeen (1967) have calculated the
outgoing lougwave radiation flux, the reflected
solar radiation flux and the radiation balance from
the radiation measurements, after allowing for t he
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