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Radiation and energy budget components over cropped surface
and bare soil during LASPEX-97
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ABSTRACT

Radiation components, profiles of temperature and wind af two tower sites {10
and 30 m) of Anand recorded during intensive obsarvational period (10F) of May, July,
September and December months during LASPEX-27 experiment have been used to
study radiation and energy budget variations over cropped and bare soil surfaces. Thea
diurnal variation of these components dus to variation in surface characteristics such as
bare soll, arops/vegetation type and its density have been studied. Results reveal that
the net radiation varies with crop density, Reflectivity of short wave is reduced in
cropped field. During May and December, sensible heat flux was more and during July
and September less, Latent heat was more during monsoon phase. Partitiomng of net

radiation into other components is also given,
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The thermal environment status of crop
canopies is determined by the net energy
available for utilization in net exchange
processes of latent, sensible, soil heat fluxes;
heut stored in plant organs, and heat utilized
for transpirationfrespiration and metabolic
activity, Climate near the ground layer strongly
depends on the various components of energy
and water balance in the system. The
raudiation properties, such as albedo and
emissivity of the surface, determining net
raciation are important in determining climate
near the ground.

The radiation received by bare ground
and the radiation budget over lush grass cover
and through different crop species are
different. The quantity of light penetrating to
the ground as well as its diurnal variation
depends on height, density and structure of
Lthe plant cover,

Wetting of the subsurface due to

precipitation or irrigation reduces the short-
wave reflectivity (albedo) and increases
absorption of short-wave radiation by the
surface. The latent heat flux (L) bacomes an
important component of the surface cnergy
budget, while sensible heat flux to air (H) is
considerably reduced. In the present paper,
the effect of bare land and over cropped
surface on radiation and energy fluxes in the
different I0P months have been examined.

MATERIALS AND METHODS

For the present study, the slow response
tower data and fast response Sonic
anemometer data for the months of May, July,
September and December 1997 al two sites
(10 m and 30 m tower sites) of Anand were
used. At 10 m tower Metek Sonic
anemometer was installed during 10Fs. Both
sites have same type of soils whose physical
characteristics are loamy sand type, with
average bulk density of -1.5gem”, During
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Table.1 : Surface characteristics at two sites al Anand {Values in parenthesis mdicate height of

crops).
Tower Sites | May July September December
|0 Short grass Sun hemp Bare Wheat
{ 10em) i 1lem) {12em)
J0m Bare Groundnut Groundnu Bire
(1 2em) {35cm)

different seasons, there was variation in the
canopy cover as follows: (Table 1

Erergy budget

The energy balance equation can be
written as

En=H+L + G+ (P+M)

Where, H ix sensible heat flux, L is
latent heat flux. In the present study, the
latent heat flux was calculated by energy
balance equation (L. = Rn-H-G). G is ground
heat flux, P & M are energics stored or used
in photosynthesis and metabolic activity. P
& M can be neglected in comparison to H,
L and G.

The sensible heat flux H was computed
by eddy correlation method at 10 m tower
site using fast response Metek sonic
anemometer, whereas at 30 m site it was
computed by profile method, The ground heat
flux, G was measured by soil heat flux plate,

RESULTS AND DISCUSSION
Radiation budger

The diurnal variations of different
componcents of radiation budget in the different

seasons qare depicted n Figs. 1{a-d) which
were influenced by different crop surfaces.

During May at one site it was short
grasses and at the second site it was bare soil
surface. Incoming short wave radiation was
practically same at both the sites and the peak
reached at around 13 to 135 hrs of the day and
itwas of the order of 920 W=, The reflected
short wave radiation did not vary much over
grass and bare soil as during May the grasses
were mostly dry. However the net lang wave
radiation was higher over grasses resulting in
higher net radiation over grasses than on hare
soil,

During July one site was covered with
sunhemp (Table 1), a fibrous crop used  for
green  mannuring, and the second site was
covered with groundnut crop. There were
slight fluctuations in incoming short wave
radiation (Fig. 1-b} which may be due 1o
cloudiness. The maximum incoming short
wave radiation of 700 Wim? was received at
14-15 hrs, The reflected short wave radiation
also did not vary much over the 1wo crap
surfaces. The diurnal variation of net long
wave radiation showed large fluctuations ever
groundnut crop, which may be due to uneven
coverage of the surface by crop where as
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Fig. 1 (a-b) : Diumnal variation of radiation budget under crop (-»-) and bare (-x-) surface
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Fig. 1(c-d) : Diurnal varistion of radiation budget under crop (-=-) and bare (<x-1 surfice
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Table 2 : Average (24hrs average) radiation balance components In bare and cropped

surface (in Wm) during 10P

May July September December
Radiat
" or;l:plnj::sgts Bare Grass | Sunn it Bare G'nut Bare | Wheat
hemp

Shortwave-
incoming (SW1) | 307 307 198 199 217 217 218 | 218
Shortwave
reflected (SW2) 4 G5 41 40 50 3 44 41
MNet rad (Bn) 126 |32 127 118 146 154 70 91
Net long wave
[ NLW) -108 110 -32 -4 =24 -26 =122 =BG
Albedo (%) 22 21 21 20 23 17 20 L]

the sunnhemp, which was very dense crop
with uniform canopy, showed less fluctuation,
This resulted in net gain in radiation i.e. net
radiation was higher over sunhemp than
groundnut. The significant differences in net
radiation over two crops were observed during
nighttime.

During September (Fig. 1-c) one site
was kept bare as the sunhemp crop was
embudded in soil for green mannuring and al
pther site gl'oundnul crop was at pl:ld
development stage (height 30-32 cm). During
nighttime no differences in reflected short
wave radiation and net long wave radiation
over two surfaces were observed. Over
groundnut crop once again large fluctuations
in net long wave radiation was observed in
comparison to bare soil. with higher net
radiation over groundnut crop.

During December, the site, which was
kept fallow during September, was covered
with wheat crop under irrigated condition
whereus the other site was having bare soil

due to harvesting of groundnut crop. The
incoming shorl wave radiation was seen 1o
reach its maximum value (650 Wm ™) at 14
hrs (Fig. 1-d}, Since the crop was only 15
days old, there were not much differences in
different radiation components, The reflected
short wave radiation was slightly higher over
wheat crop.

The 24 hr average valves of different
radiation components during all the seasons
are summarized i Table 2.

The incoming short-wave radiation was
maximum at 920 Wm? (May) and 675 Wm™=
(December) respectively at the peak hour for
these periods. The short wave radiation
received at ground was more during May and
was less in monsoon season. A 235 per cent
decrease in incoming short-wave radiation
was noticed from May to December (307
Wm* to 218 Wm=),

The reflected short wave radiation, was
strongly affected by the plant structure, and
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Table.3: Average (24 hrs average) energy balance components (Wnr?) during four season's

IOP
Components | May(grass) | July(sunhemp) | Septemberibare) Diecember{wheat)
H 6 3 42 38
L a0 58 74 12
G 42 39 30 41
En 132 127 146 91

Table 4 : Percentage contribution of H, L and G to net radiation.

'_Cmn POMENS May July September | December
H 45 23 29 42
24 4l 2l 14
G 31 3l 20 R

its density, and was lower over the cropped
surface than that over the bare soil surface.
[t shows strong diurnal variation as the
mcoming short wave radiation. During May,
on the short grass field, the average reflected
short wave radiation was 69 Wm? per day
{Table 2) and over bare surface 65 Wm™,
Thus the reflectivity over short grass field was
21% which is in agrement with Kalma and
Badham {1972), Albedo during monsoon
periods decreased due to wetness of the soil.
During September, over groundnut crop
field. the crop density increased which
absorbed more incoming short wave radiation
and reflected less. It was in the order of 37
Win= with surface albedo 1 7% whereas over
bare soil surface, albedo was 23%. The result
ts in consonance with Sellers (1965), Results
thus show the combined effect of surface

wetness due to soil moisture availability (due
to rain} and crop density.

Nel radiation was the lowest in
December over bare soil (70 Wm?) and the
highest over groundnut (154 Wm?) cover in
September, The net long wave radiation for
bare ground was more during summer and
winter seasons but for cropped surface it was
higher at night. This might be due to the
moderating effect of evaporative cooling on
the leaf surface temperature and/or a relativel ¥
higher atmospheric emissivity due to high
vapour content (Oke, 1978).

Energy budget

During summer season (May) the
sensible heat flux (H) was positive during
daytime with strong diurnal variation, As the
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Fig. 2: Diurnal variation of energy compoenents under different conditions
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day progressed, surface became hotler, the
advection also mereased with maximum
senstble heat at modday {190 W), at around
[3 hrs. During the late alternoon hours, H
was directed towards the surface due to mild
advection of sensible heat (Kim et al, 1989),
At night when the twemperature gradient was
positive, the sensible heat was observed 1o
have negative value, i.c. directed from
atmaosphere to the surface. The nighttime
sensible heat fux was -20 Wm?. The latent
heat flux was observed to be very close o
sensible heat flux during summer (May ). The
maximum davtime Litent heat [ux was 200
W whereas the minimum nighttime latent
heat s was -1 20 Wi ?, The Tatent heat flux
should be less during summer, but chilli and
bajru crops were grown surrounding the tower
sites and irrigation was given during those
pertod in these plots.

During active monsoon season (1 uly ), the
green manure crop sunhemp was grown near
the tower; the maximum sensible heat was
abserved between 13 to 15 hrs with a value
120 Wm~, During this period, the nighttime
H was observed to be - 10 Wm2, Latent heat
fluxes increased during wet condition ie.,
during monsoon peried. Similar result was
observed dunng September, when the surfuce
wis bare bur wet due to rains.

Puring winter (December) the field was
covered with wheat crop with 10-1lem during
the observational period. Sensible heat was
mare than that during the monsoon with
davtime maximum ol 170 Wm* and mighttime
mmm 20 Wm Y, respectively. Latent heat
flux was also high during Deécember,

The hourly values of radiation
components for 24 hour period were averaged
and are presented in Table 3. It may be seen
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that average net radiation was maximum ( 146
W} during September in contrast 1o general
belief of being in summer (May) when it was
132 Wi followed by July 127 W™, Duning
May maximum energy is in the form of sensible
heat flux (60 Wm™) whereas in July and
Seplember it was latent het Muxes 58 Wm®
and 74 Wm™ respectively, During winter
season the ground heat flux contributed
maximum (41 Wm=} in the energy balance
followed by sensible heat flux (38 W),

Both ground heat flux and sensible heat
fMux were less in monsoon but latent heat fux
was more during these periods. Partitioning
of net rachation into latent heat flux in monsaon
moenths was more than in others,
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