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Aircraft measurements of the albedo of the earth's surface
and of clouds over India
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ABST IL\ CT. Sloeeuremcn te of global and reflected solar rad iation and of th e eart h's II. IlH:'du ove r ex te nsive
land ereas in [nI ia and over the Adjoining fl( M " 'lT8 malic Irom a Cenbeere ai rcr..ft du rine .July. Aul{u:.1 1972 ali
plHt. l.f an fmlu·U.K. Project Exercise Storm Excheuge. Two thcrmoetectrt c pyrenomcters, on" fad II!! up wards
anel the othpr fac inp; down wards. were lUIC<1 to measure the' ~lob.,,1 and eetlectcd ROl,u radial ion. e photogrephle recorder
with suspended coil mirror galvanometers recording tho date oonttnuously in flight .

Twent y alrcm ff Rights were made From th ree !JQ.M( oI1 . 7 frum B"n l,tnlofi'. 8 from 1'0 011:1 tlml !i Irom Calcutta, over
IJllth land and sen, co\'Prinj! ereee from j CN to 2 lCN nnd 71cJo: tc 89"":. Th e ai rcraft flew at heights ahl.l\'c groUiul1
hf,a from 1()O to 16.000m.

'I'hc Vn.IUffl of g:lollal solar radiatio n recorded were of the onh r of 1·00 to 1·80 cal!cml!min at heighteof 4.600 III ! ",

to 15.COO m, \\"h(·11 th ere were no clouds: thi n cirrus reduced this velue hy aboul l6. to 20 per cent and other d OUII,;;
b)' Iarger amounts depending on th eir type RIll I thlckneee. .

Th e albedo over the sen.was found to vary between 1) ,01 t tl n· la. depending on the eta te nf the Re il nud the solar
cleva tio n I\UU th a t over th e ground between 0·10 to 0 ·2 ;5 . Th o albedo O \ 'U act ive cumulus clouds wav abo ut
0 -40 W 0·60 ami th at ove r cumulus of smaller extent bet ween 0 ·25 and 0 ·40. Strutocumulu e clouds have !lIllBIII.· r
1l1bt><Io. O·2U-l)·40 and stratus , 0 ·1.')-0·2.'). The a lbedo of altosteetus CIOUM Wdo'! found t o lie between 0-25 and
O' 3..') . The albedo of t be cir rus rema in" of lli88ipllt in~ cumulonimbus clouds W8r8 ebout 0·45 to O·o.'i. In th e growlug
cumulus cloud t he a lbedo cha nges from 0 ·20 to 0 ,5.') dependi ng on the stage. of growth. Albed o \"8lul.'8 cha nge
from 0· 16·0· 27 to O':iO-O' 36. when etretue and 'trj\.t :)Oumul ll ~ cloud.. are "n) ~i .i.t3d with ei rrlfc nu clouds.

The obecrvet tone ere ccmpered with s atellite awl ground obeerverlone of surface albedo Over Indi a.
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1. Introduction

Albedo is defined a. the ratio of reflected to
incident r".l iation integrated over the solar
spect rum from 0· 2 to 4 I'm. Considerable data
on the albedo of th e eart h's surface a nd of clouds
obtain ed from aircraft over various part s of th e
world have been published, alt hough direct
measurement s over t he t ropics especially over
th e tropical oceans rema in spa r.-oc . Ex tensive
aircraft measurements of th e albedo over th e
tropical Atlant ic were made duri ng th e Barba
do. Oceanograph ic and )Iet eorological Experi
ment (RmmX) and are planned during the
GARP Atlantic Tropical Experiment (GATE)
in 1971. The most extensive aircraft albedo
measur ements over a continental area were made
over a fi ve year period by Gayevsky (Barash
kova d "I. 1961) over the USSR. Recent mea'
surements from meteorological satellites of plane
tary albedo hy scientists of the XASA Goddard
Space Flight Center, th e University of Wi"'01I
Bin and th e )Iain Geophysical Observatory and
th e University of Leningrad have provided ex'

29

ten- ive information on planeta ry albedo un a
global scale. The mean annual eart h's plane
tary albedo, which was earlier accepted to have
a value of 0-35, is now given as 0-29; or our planet
is somewhat darker than previously estimated
ami warmer. The tropical regions arc espe
cially noted to have a lower albedo th an believed
in pro-sat ellite days.

The present paper report s and discusses some
of t he results of the first extensive a ircraft mea
surements made over India and the adjoiniug
seas during 1972 and 1973 and their effect on
radiation budget studies.

2. Alrerat't measurements

2. 1. Uanberra fl ights

2 . I. 1. Organisation - During the summer mon
soon month s J nly-September 1972, the India
Meteorological Depart ment touk part in a joint
I ndo,U.K. research project , Excerciss Storm
Exchange for the st udy of at mospheric turbu
lence at high levels over I ndia. The proj ect




























