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ABSTRACT. Rellected solar radiation measurements are being made regularly at Pune over bare soil,
The variations in albedo for a selected period are discussed. The value of albedo is strongly dependent on the
wetness of soil, the change being of the order of 30 per cent. The changes in albedo due to diffuse radiation and
for different tvpes of cloudy conditions are also discussed. The presence of cumulus clouds above tend to increase
the albedo whereas that of stratocumulus clouds tend to lower it. Waterlogged surfaces show the lowest albedo

values.

1. Introduction

Albedo of a surface is the ratio of the solar radiation
reflected by the surface to the global solar radiation
incident on it. The determination of albedo values is

extremely important in study ol energy balances ol

underlying surfaces because this indirectly enables
determination ol the quantity ol heat absorbed by the
underlying surface. The study of albedo can be over
the entire spectrum 300-3000 nm and in small spec-
tral bands. The spectral albedo is of more interest for
bioclimatology, biophysiology, aerosurvey etc. The
study of integral albedo over the entire spectrum is
principally used in meteorological studies. The pre-
sent paper discusses only the variations ol albedo over
the entire spectrum. The albedo is dependent on the
characteristics of the underlying surface besides on the
angle of incidence of solar radiation.

Reflected solar radiation measurements have been
made at Pune using an inverted thermoelectric pyrano-
meter. Global solar radiation is measured using another
pyranometer. The value: ol albedo over the entire
spectral range 300-3000 nm have been woked out for
1978 and 1979 and are discussed here. Mani et al.
(1975, 1978) have discussed the variations in albedo
from measurements made with instruments mounted
on board aircralt and Mani ¢r al. (1977) have also
made measurcments over different surfaces. These
studies, however, were made [or a specific purpose and
do not cover the effects of wetness ol soil and of cloud
cover on the values of surface albedo.

2. Measurements

The global and reflected solar radiation measurements
are regularly made at the Agricultural College farm by
the India Meteorological Department using two inde-
pendent Kipp thermoelectric pyranometers. The glo-
bal pyranometer is mounted on the terrace of a single
storey building of 3 m in height using a Kipp pyrano-
meter.  The inverted pyranometer is mounted on o
stand at a height of 1.2 m above the ground. The
mounting of the pyranometer is well ventillated and
shades the pyranometer [rom direct irradiation. The
soil is generally maintained bare of all vegetations to
minimise the number ol controlling factors and up to
a solid angle of 70° subtended at the sensor. The ins-
truments have a very good exposure on all sides, being
located in the {arm, except for a small hill in the west.
The outputs of the instruments are fed individually to
two recorders and the data extracted later. The ins-
truments are calibrated annually with the standards
maintained at the National Radiation Centie, Pune.

3. Discussion of results

3. 1. General

1978 was an year with normal rainfall, while 1979
was an year of large rainfall deficit. Fig. 1 gives the
albedo in the form of isopleths for years 1978 and 1979,
While June and July 1978 show the low values of the
order ol 10-12 per cent, the month of August 1978
with scanty rain shows a sudden increase (albedo is
16 per cent) of more than 30 per cent. August 1979,
with similar rainfall deficit, also has the same albedo of
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Fig. 1. Isopleths of albedo over bare soil at Pune (")
16 per cent. The absence ¢f norm:l rainTall in 3.4, Cloudless skies
June 1979 has clearly affecied the albedo of the 3.4.1. March-May
surface, 14 per cent as against 10-11 per cent of '

June 1978, Inaddition to lack of moisture in the soil.
the loosensss of the soil leads to increased reflection
ol the solar radiation. These changes in albedo are
clearly seen in October-November 1979 as compared
to the same period in 1978, the albedo value increas-
ing from 13 to 17 per cent and from 9 to 14 per cent
in October and November respectively.

2. Effect of moisture

The surface at Pune below the pyranometer i1s black
cotton clay soil and is generally kept bare. devoid of
vegetation. The mean hourly value ol albedo o lower
angles of incidence is around 13 per cent. Albedo shows
a strong diurnal variaton, being 13-15 per cent for
higher solar elevations between 08 and 16 hr LAT.
and showing a marked increase as solar elevations
decrease towards sunrise and sunset, to as high as 60
per cent. As can be expected, the albedo is lower dur-
ing the monsoon months due to the more incident raci-
ation being more vertical and the incieased wetness in
the soil. The winter values have opposite characteristics.

3.3. Effect of clouds on albedo

An attempt was made to study the effect ol clouds
on the albedo. For convenience. the data are grouped
into seasons based on the angle of incidence of the
solar beam, rather than on the meteorological lactors.
Those cases where only a particular type of cloud was
present without the vitiating effects of other types of
clouds were isolated and the effects of such conditions
on the albedo wete studied and are presented. For exam-
ple, when the data discusszd 1efer 15 As clouds, no other
types of clouds were present. The angle of incidence of
solar irradiance was kept in view while studying the
effect of clouds.

This period is warmest at Pune and also the solar
radiation is incident more vertically. The albedo is
I3 per cent around noon time compared to the mean
o! the whole period, 14 per cent.

3.4.2. November-February

The solar radiation is incident at more slanting angles
resulting in increased reflection.  Since Pune gets more
cloudless skies in December-February than in November
(which gets occasional rains as well). the values of
albedo are of the order of 13 per cent compared Lo the
mean scasonal value of 13 per cent.

5. Cloudy skies

The changes in albedo due to the presence ol cirrus
and medium clouds are not clearly discernible. However.
there are some changes in albedo due to low clouds.
The clouding over Pune during the winter months is
insignificant and the 'ow clouds that are formed are
not very thick. The sky covered is also small and
consequently the changes in the value ol albedo are not
clearly discernible (Fig. 2).  The pre-monsoon months,
March to May show a slight increase in the values of
albedo, an increase ol the order of 8-9 per cent due to
Scand Cu clouds (Fig. 3). As stated earlier, medium and
high clouds do not seem to have a significant effect on
the aldedo of the soil.

The monsoon months, however, show larger variation 8
due to Se and Cu. the increase being of the order of 4-13
per cent almost throughout the day (Fig.4). presumably
due to these clouds being thicker. The presence of St
along with As above has an opposite effect, the albedo
being lower by about 10 per cent. The presence of St
in combination with Sc¢ balances the two effects and
albedo then corresponds to the mean value ef the month.
The combination of all types of clouds with Se and Cu
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Fig. 2. variation of albedo during November-February
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Fig. 3. Variauon of albedo during March-May Fig. 4. Variation of albedo during June-September

again increases the albedo though
( 6 - 8 per cent) above the seasonal mean.

only shghtly

3.6, Overcast skies

Albedo with overcast skies represeats only the effect of
diffuse solar radiation, though the diffuse radiation is
highly variable, depending on the type and the thickness
of the various cloud layers. Fig. 5 gives the albedo for
June, July and August as means for whole months and

means for days with overcast skics. Albedo due to
diffuse radiation alone is quite low decreasing by about
50 per cent in June and 10 per cent in July and August, as
compared to the mean values of the whole months. The
noon values also decreased by 51 per cent during June
and 13 per cent in July and August, The large differences
in June are to be attributed to heavier rainfall and conse-
quent wetness of the soil. All days in 1978 and 1979
with overcast skies in June recorded rain. The diurnal
variation due to diffuse radiauon alone is, however,
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Fig. 5. Diurpal variations of albedo — Means for the month Fig. 6. Variation of albedo due to changes in wetness
and for overcast sky conditions of soil
within 22-28 per cent on completely and continuously (b) shows the water stagnating in patches. Curves

overcast days (Kondratyev 1969).

3.7. The effect of individual cloud mass was studied.
The variations in albedo were very much scattered.
obviously due to the different controlling factors, chief
among them being (i) the proximity ol the cloud to the
sun, (if) the angle of incidence of radiation on the cloud
mass, (fii) the vertical extent of the cloud mass and (iv)
the structure of the cloud itself, ice crystals or warm
or cold water droplets. The variations have been found to
be extremely high when the sun was about to be clouded
or just coming out of a cloud patch. For shallow low
clouds, the variation was within 10-20 per cent, while for
a towering Cu cloud which was about to cover the sun,
the aldedo variation was larger.

Attempts were also made to study the changes that
take place when cloud masses are in very close proximity
to the sun. The strong reflections {rom the sides of the
clouds increase the global and reflected radiation and
hence affect the albedo. The changes depend upon the
type and thickness of the clouds. In specific cases, when
only fair weather cumulus with stratocumulus clouds
was near the sun, the increase in radiation though was of
the order of 8 per cent due to the nearness of cloud, did
not register any change in the albedo values. When
the Cu clouds were larger, the increase in global radiation
was of the order of 9-11 per cent and the albedo also
increased but only by 2-4 per cent. Further intensive
studies are needed to identify the degree of proximity and
the estimate of thickness of clouds and also the angle of
incidence of radiation and then decide on the effect of
increase in albedo due to proximity to the sun of
various clouds.

3.8. Effect of moist soil

Fig. 6 gives the variations in albedo under different
wetness conditions of the soil, curve (a) shows the
albedo values in June whea there was water logging
underncath the instrument. The values were centred
around 6-7 per cent for the whole day. Curve

(c) and (d) indicate the rapid changes as the soil
started drying up. Curve (e¢) shows the mean values
for the month as a whole. The value of albedo is
between 4 and 6 per cent for large water surfaces
and the values shown by (a)are more than this as the
effect of the underlying soil on the albedo of water
is considerable and has to be taken into account.

4. Conclusion

The albedo of any given surface 1s normally a func-
tion of both wavelength and zenith angle and these
functions are in turn dependent on surface character.
Soil moisture and clouds thus play an important role in
the albedo of the surface. While Se¢ clouds generally
lower the albedo, Cu clouds increase it slightly.
Albedo on days with both S¢ and Cu is slightly more
than those with Se clouds alone. The normal albedo of
10 to 14 per cent of bare black soil drops to 6 to 7 per
cent when water logging takes place, with higher value
for wet soil. The diurnal variation due to changes when
only diffuse radiation is present is only 20-28 per
cent.
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