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Measurements of radiation balance components
over a water surface

R. R. KELKAR and T. D. PRADHAN
Meteorological Office, Pune
(Received 23 November 1976)

ABSTRACT. Results of measurement of solar and infra-red radiative fluxes in the upward and downward direc-
tions over & 20 m? evaporimeter tank are presented. The diurnal and seasonal variations of each component of the
radiation balance are discussed. A numerical relation between hourly values of net radiation and global solar radiation
is obtained. It is, however, found that the net radiation is greater in the afternoon than in the forenoon for a given
amount of global solar radiation.

1. Introduction located on the outside, are blackened and form
A characteristic feature of global maps of met  the upper and lower receiving surfaces. They are
radiation at the earth’s surface is the disconti- protected by hemispherical polyethylene domes,
nuity in the isopleths over the coastal regions and radiation shades of 30 em diameter are pro-
(Kondrat’ev 1973). The amount of net radiation vided.
over the surface of oceans, seas and lakes is sig-
aificantly higher than that over adjoining langd The thermo-voltages generated by the upper and
ardas. This is due $o differences in surface albedo lower thermopiles are continuously monitored on
and land-sea temperature contrasts, Thus for a recorder. However, to compute the radiation
interpreting the spatial differences in net radiation, fluxes from the thermo-voltages, the temperature
it is important to examine the relative magnitudes of the inactive junctions is required to be known.
of the various components of radiation balance For this purpose, the instrument temperature is

rarerit ¥ Sitkace, also continuously recorded by another copper-
g constantan thermopile which has its active jun-

Studies of the radiation balance over water ctions inside the aluminium cylinder and inactive
surface also have a practical application, since junctions buried 1 m below the ground surface.
such information is required as an input in the The temperature at this depth varies little with
estimation of evaporation from lakes and reser- time and is measured with a suitable soil thermo-

voirs by the energy-budget method (Gangopa- meter.
dhyaya 1966). ; = 2
In this paper, results of measurement of solar Sherdiietioie, LENEn ST UES, SO T

: Gy ; thermo-voltages, which is a measure of the net
and infra-red radiative fluxes in the upward and flux, is also recorded continuously as a separate

downward directions over &« 20 m? evaporimeter parameter, A schematic circuit diagram of the

tank are presented. The diurnal and seasonal Sohnles Radintion Balisoe Maber 'ta ahowa 5
variation of these parameters and of the net Fig. 1.

radiation are analysed and discussed.

2. Instrumentation 2.2, Measurement of global solar radiation
2.1. Measurement of all-wave radiation The Moll's Solarimeter employs a constantan-
The Schulze Radiation Balance Meter records manganin thermopile mounted under two con-

the upward and downward radiative fluxes on a centric hemispherical glass domes on a metal

horizontal surface in the 0-3 to 60 u wavelength base (11 em height) which is prevented from being
region. The sensor essentially comprises two heated by radiation by means of a 30 cm diameter

constantan-silver thermopiles (26 mm long, 5 mm screen. The gize of the sensitive surface is 12

wide, 10 mm high) which are mounted on the top 11 mm. The glass domes filter out long wave ra-

and base of a solid aluminium cylinder (8 em diation of wavelengths longer than 4 u and allow

diameter, 4 em height). The active junctions, only the shorter wavelengths to fall on the sur-
349
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Fig. 1. Schematic diagram of Schulze radiation
balance meter

face. The thermopile output is thus proportional
to the global solar radiation on a horizontal
surface and is continuously recorded.

2.3. Measurement of evaporation

The 20 m? evaporimeter tank is cylindrical in
shape with a flat base, having diameter 5:04 m
corresponding to a 20 m? surface area, and depth
2 m. The tank is sunk in the ground with the 1im
about 7+5 cm above the surface. The water level
is maintained approximately at ground level.
The drop in the water level due to evaporation is
measured by means of a simple volumetric device
which is placed within a still-well.

8. Notation and sign convention

The radiation balance equation is expressed as
FNot —F 8olar § +Fsolart + FIRY

+ F 1R 4 (3-1)

where, e LY
Fgolar | = global solar radiation incident

at the surface,
Fgolar 4 = solar radiation reflected from the
surface,
= aFgolar§, ¢ being the surface
albedo,

Firy = infra-red radiation received at the
surface from the atmosphere and
clouds,

Firt = infra-red

surface.

= e o T2 where ¢ is the emissivity

of the surface (=1), o is the Stefan-

Boltzmann constant and 7', is

the temperature of the surface in
OK’

emission from the

Fxet = all-wave net radiation.

Fluxes in the downward direction are consi-
dered to be positive and those ‘in the upward
direction to be negative. Fyet is thus an ale
gebraical sum of the four quantities on the
right hand side of equation (3-1) Fy, is positive
or negative depending upon its direction,

4. Observations and analysis of data

The Schulze Radiation Balance Meter was in-
stalled at a height of 1-5m above the water
surface of the 20 m? evaporimeter at the Central
Agricultural Meteorological Observatory, Pune,
in the year 1972. Data recorded in four repre-
sentative months January, April, July and Octo-
ober, were considered for the purpose of the pres-
ent work. Continuous records of the upward,
downward and net all-wave flux were analysed
The values were first averaged over successive
15 min intervals and then summed up to get the
fluxes in ly/hr. Global =solar radiation Fgola,
in ly/hr was likewise obtained with a Moll’s Solari-
meter installed permanently at the Observatory.
Fsolar + was evaluated as o Fgolar | after taking into
account the diurnal variation of the albedo & of
the water surface. By subtracting FSolar, and
Fsolar+ from the corresponding values of down-
ward and upward all-wave fluxes, F1r ; and Fig ¢
were computed. Monthly averages of Fiet,
Fsolar | Fsolart, F1R, and Fir 4 for each hour
of the day were then derived and are presented
in the subsequent discussion.

5. Resulls
5.1. Diurnal and seasonal variations

The monthly means of the hour-to-hour flux
values for thefour months January, April, July
and October 1972 are plotted in Figs. 2-b respec-
tively. As per the sign convention adopted
Fsolar , and FR , are always positive while Fsjar 1,
and Fir ¢ are atall times negative, FNet is positive
during the day and negative at night; but its
24-hr total remains positive.

During daytime, the global solar radia‘ion
FSolar, is the most dominant factor in the radia-
tion balance. The diurnal variation of Fsojar
averaged over the month, takes the form of a smoo-
th, bell-shaped curvein January. In other months,
however, small asymmetries are superim-
posed due to the fluctuations in cloud amount and
type during the day. The highest value of Fsolar |
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is 80-7 ly/hr during 1100-1200 LAT in April. The
noontime value is lowest not in January but in
July (52-2 ly/hr) because of the strong reflection
taking place at the cloud tops during the monsoon
season, the average daytime cloud cover being
2 oktas in January and 7 oktas in July.
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Figs. 2-5. Diurnal variation of flaxes over water

The albedo of a water surface is greatly depen-
dent on the inclination of the incident radiation,
ranging “from 7zero for mnormal incidence to
100 per®cent for parallel incidence. However,
since direct solar radiation is maximum at noon
and minimum near about dawn and dusk, the




352 R. R. KELKAR axp T. D. PRADHAN

product of direct solar radiation and albedo re-
mains negligibly small throughout the day. Tor
each of the four months considered, the average
hour-to-hour position of the sun was taken into
account to determine the water albedo. Although
these albedo values are, strictly speaking, valid
in the case of direct solar radiation only, they
were, as an approximation, used to obtain the
reflected radiation Fggur4+ from the global solar
radiation Fgolur). As seen from Figs. 2-5, Fyolar4
makes an insignificant contribution to the radi-
ation balance (<2 ly/hr) at any time of the day
Or year.

In April and October, the diurnal variation of the
downward atmospheric radiation Fg 4 1s char-
acterised by a maximum hetween 1500 and 1700
LAT, a rapid fall upto 2000, a gradual decline
upto 0700 and an increase thereafter, Nigh-time
valuesof Fir, areof the order of 32 ly/hr and
the diurnal range (maximum minus minimum)
is 12-2 ly/hr in April and 81 ly/hr in October. In
January, decrease in air temperature and moisture
content in the troposphere results in an over-all
decrease of Fir , with a diurnal range of 6+2 ly/hr.
In July, with a persistent cloud cover and low
cloud bases, F1R , remains nearly constant, around
37 ly/hr. The dependence of Fir, on cloudiness,
water vapour content and temperature has been
discussed in detail on numerical considerations in
an earlier study (Kelkar ¢/ al. 1970).

The emission from the water surface Firyis
constant (about 40 ly/hr) throughout the night
(1900-0500 LAT) in any month. Day-time values
are higher by about 4 ly/hr but the maximum is
not pronounced and is spread over a few hours’
period (1000-1600 LAT). This tendency is att-
ributable to the high heat storage capacity of
water bodies.

Since Fip  and Frr 4 are of the same order of
magnitude but of opposite sign and Fg. 1 is
insignificantly small, Fy,y very largely follows
the same diurnal trend as Fgolar , during the day.
In the dark hours, however, only two factors Frg |
and Fir+ operate and Fy,: is then merely the
small negative difference between them. Night-
time Fiet is approximately 6-9 ly/hr showing
a very gradual fall with time. During July,
however, it is about 4 Iy/hr thronghout the night.
The eross-over from negative to positive
takes place between 0600-0800 LAT whereas
the reverse occurs between 1700-1900, the exact
time depending upon the month.

5.2. Relationship between global solar radiation
and net radiation

Numerous studies have been made on the
nature of. the relationship between daily totals

of global solar radiation and net radiation over
different types of surfaces. It is now well-known
that the relationship can be generally put into
the form

Fxet — 6. FSglary, —b (5-1)

where a, b are constants, and that Fyet and Fg 1. :
are very highly correlated (Linacre 1968). Such
empirical equations serve a practical need in view
of the dearth of net radiation measurements,

In the present work, the mean hourly values
of Fsolar , and Fet  over water surface were found
to have a correlation coefficient of 0.99. The
following regression equation was also derived:

Fyet = 0-958 Fsolary —6-681  (5-2)

where fluxes are expressed in ly/hr. A detailed
examination of the relation between these two
factors, however, revealed that it is influenced by
the time of the day, i.e., the position of the sun,
Assuming that Fgolar incident on the water
surface isthe same for symmetrical positions of
the sun before and after local noon, Fixet is almost
always greater in the afternoon than in the fore-
ngon (Figs. 6-9). For equal amounts of
Fsolar ;, the afternoon—forenoon differences of
F'Noy, are highest (=10 ly/hr) in April and smallest
in July (<1 ly/hr). These results are opposite to
those of Monteith and Szeicz (1961) and Nkem-
dirim (1973) who measured higher net radiation
over vegetated surfaces in the morning than in the
afternoons for similar sun positions. This is due to
the fact that over a water surface, the diurnal
change of Fir+t is small and quite symmetrical
about local noon, whereas Fii ¢+ is maximum in
the afternoon and minimum in the early morning.
It is not, therefore, sufficient to derive a single
regression cquation between Fgolar vand Fyet,
but many such equations for different times of the
day are needed if accurate estimation of hourly
Fyxot values are desired. ‘

5.3. Comparison of radiation” balance of water
surface and bare soil

In an earlier investigation at the Central Agri-
cultural ~ Meteorological ~Observatory, Pune
(Venkataraman et al. 1973), net radiation in ly/day
was studied over bare soil from 1964 to 1968. In
order to compare these measurements with those
made over water in 1972, the Fx. values were
normalised with respect to Fgjur 3 (Table 1). In
all the four months January, April, July and
October, the ratio Fiqt/Fsolar 4 was found to be
higher over water than over bare soil. In July,
for example, 44 per cent of the global solar
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Figs. 6-9, Net radiation in relation to global solar radiation
[Supersoribed numbers represent hour ending (LAT)]

radiation incident at the surface in a day is availa-
ble as net radiation to the soil, but as much as 72
per cent of it becomes available to a water body.

5.4. Latent and sensible heat fluzes

FXot is the net amount of energy available for
abzorption by the systet and must balance the
net dissipation, v.e,,

Fyet=Lu + Su (5.3)

where Ly is the energy utilized in the process
of evaporation from the waterbody and Sy is the
net sensible heat flux across the air-water inter-
face. Table 2 gives the monthly averages of eva-
otation & (mm/day) from the 20 m? tank. Va-
ues of Ly are computed as Ly = L.E. where
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TABLE 1
Fpet 304 Fsolap , Values over water surface and bare soil

Pune (1064-68)

Pune (1972)
Bare soil (Venka-

Water surface

Month (Present Work) taraman ef al,)
(1972) . A \ —_— A
Fxet FSolar | FNet) FNet Fsolar| _FNet/
S l ) i I
(Iyfday) O (Iy/day) " ¥
Jan 198 436 045 143 440 0-33
Apr 382 5756 0-66 2563 610 0-41
Jul 285 396 072 166 380 0-44
Oct: 281 458 0-61 213 501 0-43

R. R. KELKAR axp T. D. PRADHAN

TABLE 2
Latent and sensible heat components over water surface

Evaporation L ¥ N
Month from 20 m?® (=L Lﬁ e = Fr?et
(1972) tank "‘LH}

E (mm/day) (ly/day)
Jan 34 198 -9 198 -1 —0-8
Apr 7.1 153 3823 —330
Jul 44 257 4 284 6 272
Oct 5-0 292 -5 280 -6 —119

L is the latent heat of evaporation, wiz., 58-5
ly/mm at 25°C. The sensible heat exchange S is
obtained as the difference between Fnet and
Ly. Itisseen that only during the monsoon
season, Sy is positive, meaning that there
is a net transport of sensible heat from water to
air. In all other seasons, the sensible heat trans-
fer is in the opposite direction. It may be men-
tioned, however, that in the present study, latent
and sensible heat fluxes were not actually mea-
sured, nor was any exchange of heat between the
sunken tank and the surrounding soil taken into
account. It is further important to note that
even an error of 0-1 mm/day in the measurement
of evaporation E, which is not unlikely, is equi-
valent to an error of 5-85 ly/day in the computed
value of Ly.

6. Conclusion
The study has shown that (i) the contribution

of the reflected solar radiation to the total radia-
tion balance of a water surface is negligibly small,
(17) the emission o7, * from the water surface is
constant, about 40 ly/hr, throughout the night
in any month, (¢7) the net flux very largely fol-
lows the diurnal trend of the global solar radia-
tion during the daytime and (iw) the net fluxis
greater in the afternoon than in the forenoon for a
given amount of global solar radiation, particu-
larly in April.
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