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ABSTRACT. Measurements of albedo of jowar were made during the kharif season of 1970. The

diprnal vanation of crop albedo under different sky conditions is discussed. The average noontime
albedo of jowar was 22 per cent compared to the soil albedo of 11 per cent, There is a strong
dependence of crop albedo on solar elevation under clear sky conditions; the dependence is relatively

weak under cloudy conditions.
cloudiness.

The midday crop albedo values do not change significantly with

The seasonal trend of midday albedo of jowar shows an increase of albedo with crop growth,
till it reaches 25 per cent when the crop was 55 days old, remains steady for 15 days, and decreases
gradually thereafter to about 18 per cent as the crop matures.

1. Introduction

Albedo is an important parameter in radiation
balance studies. 1t is defined as the ratio of
radiation reflected by a surface to the total incom-
ing radiation and is expressed as a percentage.
Measurements of crop albedo are sparse in
tropical areas. For a country of India’s size, and
diversity of crops and cropping patterns, studies
of crop albedo are meagre, the main constrainl
being the lack of radiation instruments at the
agrometeorological observatories. Knowledge of
the reflective characteristics of crops is also
necessary in interpreting and processing data
from remote sensing which is gaining importance
as a technique in crop yield estimates and identi-
fication of crop conditions over large areas.

Quite a good number of studies on albedo of
soil, field crops and forests have been made in
middle and higher latitudes (Rusin 1958, Monteith
1959, Monteith and Szeicz 1961, Graham and
King 1966, Stanhill et al. 1966, Fritschen 1967,

1217)

Piggin and Schwerdtfeger 1973 — for field crops
and Stewart 1971, Mukammal 1971 and De
Wallae and Mc Guire 1973 — for forests).

In the tropics, Chang (1961) studied the
albedo of sugarcane in Hawaii. Subramanyam
and Ratnam (1969) conducted albedo studies in
sugarcane field at Anakapalle, India. Mani
et al. (1975) while discussing aircraft measure-
ments of albedo over India have reported ground
observations of albedo of grass and crops like
sugarcane and groundnut.

The results of short-wave albedo observations
of bare soil and jowar crop at Pune are discuss-
ed in this paper.

2. Site and instrumentation

Continuous recording of incoming short-wave
radiation was made by Molls solarimeter, kept
on the terrace of the laboratory building of the
Central Agrometeorological Observatory at Pune
(Lat. 18 deg. 32" N, Long, 73 deg. 51°E),
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Fig. 1. Diurnal variation of albedo of jowar

Continuous recording of reflected short-wave
radiation from the bare soil was obtained from
an inverted Molls solarimeter which was mount-
ed at a height of 1.5 m above the ground in
the observatory enclosure. Instantaneous values
of reflected short-wave radiation in a jowar
field (50 m from the observatory enclosure) were
measured by using an inverted Eppley Pyrhelio-
meter which was mounted on a cross-bar one
metre above the crop canopy.

The jowar crop was sown on 19 June 1970
and harvested in November 1970. The season
was normal in respect of crop-growth. The rows
were running east-west. The distance between
plants was 15 cm and the row spacing was

45 cm. It is black cotton soil both in the obser-
vatory enclosure and the field.

From measured instantaneous outputs of
pyrheliometer at 12 L.A.T. and the corr¢spond-
ing values of incoming radiation picked from
the records of the Molls solarimeter and those
of reflected radiation from the bare soil picked
from the records of the inverted Molls solari-
meter, the noon albedos of crop and soil were
calculated from 31 July to 7 October 1970.

In addition, a total of about 100 hourly values
of crop albedo were obtained on some selected
days during the period from 3 August 1970 to
1 October 1970.
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3. Discussion
3.1. Diurnal variation of albedo of jowar

e albedo of a crop surface depends on
sol;fr‘h elevation besides crop factors like c:olom;i
moisture conditions, density of crop cover an
leaf geometry. The average albedo of jowar in
the 70-day period under study was 22 per ce;trlllt,
at 12, LAAT. The corresponding value of t 3
bare soil was 11 per cent. The soil a:lbedo varie
between 13 and 10 per cent depending upon the
moisture conditions, The solar elevation at
12 L.A.T. changed from 89 deg. to 66 deg.
during this period. .

The diurnal variation of albedo is presented
in Fig. 1 for three clear days, threc overcast
days and six partly cloudy days along with hour-
ly values of bright sunshine (B.S.S.). The shape
of the curves on clear days is nearly parabolic,
with some asymmetry between forenoon and
afternoon parts, the rate of change of crop
albedo being greater in the forenoon than in the
afternoon. The reason for this asymmetry in
jowar albedo is not clear. '

Mukammal (1971) noticed a similar tgehakur
in a pine forest and attributed the increased
albedo in the forenoon to increased reflection
as a result of trees at the west side of the forest
being higher and more irregular in height than
on the east side.

The diurnal variation which is seen prominently
on clear days, almost disappears on overcast
days. The curves tend to become flat due to a
significant decrease of crop albedo in the morn-
ing and evening under cloudy condltlo_ns._ The
midday values however do not change significant-
ly with cloudiness. On partially cloudy _ days,
there is no definite pattern of diurnal variation.

3.2. Dependence of albedo of jowar on solar
elevation

In Fig. 2 the available hourly crop albedo
values have been plotted against solar elevation
under (a) mainly clear sky coditions (i.e., hourly
B.S.S. 0.8 to 1.0) and (b) nearly overcast condi-
tions (i.e., hourly B.S.S. 0.0 to 0.2). Under
clear day conditions, the scatter of points is less
than under overcast conditions. There is an in-
creasing trend of albedo with decreasing solar
elevation. This trend is more prominent under
clear sky than under overcast sky conditions.
The rate of albedo increase is insignificant upto
about 45 deg. to 50 deg. and progressively in-
creases at lower elevations, Subramanyam and
Ratnam (1969) found sugarcane albedos remained
steady between 21 and 25 per cent for solar ele-
vations greater than 40 deg.

Monteith and Szeicz (1961) observed that
reflection by grass and bare soil was least at mid-
day and increased almost linearly with decreasing
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Fig. 2. Variation of albedo with solar elevation for jowar
under (a) clear and (b) overcast sky

solar elevation, more rapidly over grass than

over soil.

Graham and King (1961) found a similar
dependence of albedo of maize on solar elevation
and suggested that the lower albedo at high solar
elevations is caused by trapping of radiation
beneath the canopy and the effect would be re-
duced at small solar elevatiqns since the direct
solar radiation would not penetrate to such an
extent. According to Rosenberg (1974) major
cause of parabolic relationship is probably the
fact that most natural surfaces reflect specularly
rather than diffusively particularly under low sun
angle,

Stewart (1971) found a pronounced depend-
ence of albedo of pine forest on solar zenith
angle on cloudless days while on cloudy days
there was liitle variation. Stanhill et al. (1966)
could find the trend of increasing albedo with
decreasing solar altitude only in three out of the
eleven natural vegetation and agricultural sur-
faces, studied by them. These three surfaces, viz.,
fish pond, orange orchard and evergreen maquis
forest, showed greater reflection coefficient when
solar altitude was below 30 deg. The degree of
cloud cover had no discernible influence on the
;'alucs of albedo measured for any of the sur-
aces, .

» +

The results of present study in respect of the
differences in patterns of diurnal variation of
albedo of jowar under different sky conditions
are quite similar to those of Piggin and
Schewerdtfeger (1973) for wheat and barley.
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Fig. 3. Seasonal trend of 12 L.A.T. albedo of jowar

According to them, the differences in the angular
distribution of incoming radiation in the presence
of clouds cause the difference in the daily
pattern. On clear days the incoming radiation is
predominantly a point source and varies diurnal-
Iy in both direction and intensity. Under overcast
sky, the radiation is substantially isotropic and
unvarying throughout the day. Scattered cloud
radiation would be intermcdiate between these
two types. They also mentioned that effcclive
mean solar elevation on a overcast day is 40 deg.
to 50 deg. It is of interest to note that the depend-
ence of jowar albedo on solar elevation has
been found in this study, to be prominent at
elevations below 45 deg. to 50 deg. as mentioned
earlier,

3.3. Seasonal trend of albedo of jowar

The seasonal trend of jowar albedo is depict-
ed in Fig. 3 where 12 L.A.T. values of albedo
are plotted against the days after sowing. The
12 L.A.T. albedo values are chosen for the pur-
pose because they do not change significantly,
as already stated, with sky conditions. The mea-
sured albedo in the crop lield can be considered
as a composite of the albedos of, the crop and
the underlying soil surface.

On the day of the first observation on 31 July
1970 the crop had not fully covered the ground.
The albedo then was 20 per cent, Before 31 July
1970 it may be inferred that the albedo increased
from about 12 per cent, which is value of
soil albedo, to 20 per cent with the increase of
vegetative growth. With further growth of the
crop, the albedo increased to 25 per cent when
the crop was 55 days old by which time the crop
had reached almost full cover. The albedo level-
led off at 25 per cent and remained so for another
15 days. This corresponds to the “albedo plateau™
at full crop cover found by Piggin and Schwerdt-
feger (1973) for wheat and barley. The flag leaf
stage of jowar was reached during the plateau
period. Thereafter, the curve showed a gradual
decline in the albedo, reaching a value of 18 per
cent when the crop was about 110 days old.

40 -140
[ /
o
SOIL MOISTURE !
301 N Podok
- St ! i}
= r \ ! o
Lt = 7 v ! i
2 ’ \ a
a \ /
& - f’ \ ' wl
20 p | ! o
p \ ’ e
2 L e \ f @
(1]} - - LY ] Q
@ 2 "W =
SOIL ALBEDO p 2
" ‘V 3
1 L] ] 1 A ] i 1 ! L __J
30 2 34 36 38 40
STANDARD WEEKS
Fig. 4. Variation of soil albedo and surface soil moisture

This decrease can be atiributed to the gradual
drying of lower leaves and consequent greater
exposure of oil as the crop approached maturity.

Fig., 4 depicts the wcekly average values of
12 L. AT. bare soil albedo and surface soil
moisture values measured in the observatory
enclosure. The inverse rclationship of soil albedo
with soil moisture content can be seen from the
figure.
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