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V. DESIKAN and V.R. CHIVATE
Meteorological Office, Pune-411005, India
(Received 3 September 1993, Modified 4 December 1996)

AR — -9 & w9 & 37 A I arae 4 7 AW aftada B ged e B
fafaro 5t Frdfaa &t &1 39 S & aeE A9 & AW 3w R grael 3 A R
o &, ot qo § s o T & | 39 aifga Sl 4 o ofma fA A 85 @ @ AL g B e
§ a9 Fd 21 afaﬁfwar:;maﬁa*‘hz.saaﬁqq.ﬁ.qn.amqaaw-mﬁsmaﬁm.
A, oq. qrn T ¥ | g% e Afusan dget § Hual 8% 36 918 B 2| aafy ad - @ aJd
Wi aw qftada aui & e qan ear 4 T @ e 9 i & E )

ABSTRACT. The effective outgoing terrestnal radiant energy controls the vanations in other metcorological
parameters near the ground surface. In the absence of direct measurements of this energy, the values are derived from other
radiation parameters that are being mcauz;ed at Pune. On an average day the loss of this lencs!riza] energy is n.[ the order of
8.5 MJm. The maximum of 12.53 MJim™ is reached in April and the minimum of 3.87 MJm™* during August. The daily
maximum occurs at noon or just after that. Yearto4ear vanations however depend on the rainfall distribution and the moisture

in the air.
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1. Introduction

Although solar irradiance is the primary source of all
energy transactions in the earth-atmosphere system, a wide
variety of interactions is largely controlled by the earth’s
radiance. The changes in the ambient temperature, humidity,
evaporation etc. are affected by variations in this earth’s
radiance. Because of the low temperatures (compared to that
of the sun) at which the emission takes place, the radiance
occurs at wavelengths of terrestrial radiant energy. The
interaction between this energy and the atmosphere, whose
temperature is not significantly different, is quite complex.
The net solar irradiance is available for heating, directly and
indirectly, the earth and the atmosphere. The thermal radia-
tion is one of resulting transformations of the solar irradi-
ance after absorption by the earth’s surface. The radiative
heating of each successive layer of the atmosphere by this
thermal radiation is equally important. One of the important
effects of this thermal radiation lies on the thermodynamical
aspects leading to the various changes in the atmospheric
parameters, like, temperature, pressure, air flow and cloud
formation. The regular and continuous measurement of the
effective outgoing radiant energy is, however, difficult and
carried out only at limited centres. The present paper deals
with the data deduced from other regular radiation measure-

ments being made at Pune and the variations that take place
over a time.

2. Data collection

In the terrestrial region of electromagnetic spectrum,
the entire environment, including the instrument itself, is
emitting the radiant energy in the same wavelengths moni-
tored. An instrument which will directly measure the terres-
trial radiant energy must be insensitive to the wavelengths
of solar irradiance. Most of the window matenials that are
suitable for such selective transmission do not, however,
have sufficient hardness and are generally hygroscopic in
nature, resulting in abrupt changes in the transmission char-
acteristics of the window materials. Added to this, the win-
dow material itself participates in the energy transactions.
The very few materials which are impervious to the solar
irradiance and weather resistant as well as are prohibitively
costly. Thus the measurement of the effective outgoing
terrestrial radiation is not made on a large network scale. The
measurements are again highly vitiated by the dust deposits
and water deposition due to dew, fog and precipitation. It is
more convenient to deduce the effective outgoing terrestrial

radiation (H] ) from the measurements of global and re-
flected solar radiant exposures and the net total radiant
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Fig.1. Annual March of effective terrestrial radiant energy at Pune

energy. The difference between the global solar radiant
exposure and the reflected solar radiant exposure gives the
net solar radiant exposure. The net total radiant energy is the
algebraic sum of net solar radiant exposure and the effective
outgoing (net) terrestrial radiant energy.

At Pune regular and continuous recordings of global
and reflected radiant exposures and net total radiant energy
are being carried out. The reflected pyranometer (CM-5
type) and the net pyrradiometer (Funk type) are installed on
the ground at the standard height and with the same bare soil
undersurfaces. The global radiant exposure is measured by
a CM-5 pyranometer. The data thus deduced are for a five
year period (1984-88) and the results discussed.

3. Results and discussion

In India, net terrestrial radiant energy (same as ETR) is
being measured on a network scale at few stations using
Angstrom pyrgeometer. These measurements are recorded
as spot values at 00 h and 15 h UTC and restricted to dark
hours as these pyrgeometers cannot be used during day
times. As early as in 1937 Ramdas ez al. (1937) and again
Chacko (1951) during 1945-49 had made specific measure-
ments during the night with the pyrgeometer and discussed
the results. They found that the effective radiance from the
earth decreases with time on a cloudless night and is attrib-

Pressure (hPo)

Month

Fig.2. Mean net terrestrial radiant flux (Wm?)

utable mainly due to the drop in the air temperature. Mani
and Chacko (1963), Mani et al. (1965), De and Gupta
(1964), Swaminathan and Desikan (1967) and Das (1987)
have discussed the results in a limited way based on these
data obtained with pyrgeometer.

Kondratyev (1965, 1969) gives a detailed and delight-
ful account of the terrestrial radiant energy on all its aspects.
He, however, prefers to use computed values to the meas-
ured values as he considers that the methods for measuring

the radiant energy are imperfect. The H) has a simple
diurnal range with a maximum at noon and a minimum just
before sunrise.

3.1. Daily variations of Hi

On an average Pune loses 8.5 MIm™ in the form of
outgoing terrestrial radiant energy every day while it is
nearly 9.8 MJIm? on a cloudless day. Fig.1 gives the annual
variations in Hj on all days and on cloudless days. The
maximum is reached in April (12.53 MJm'z), about 47 per
cent more than the daily average. The minimum loss occurs
in August (3.87 MIm™) being 54 per cent lower than the

annual daily mean loss. In February H\ increases by more
than 25 per cent from 9.44 MIm™? of January on cloudless
days while it is 24 per cent on all days. This is due to drier
air and generally cloudless conditions (more than 15 days
without any cloud) which normally prevail during February.

The upper air net terrestrial radiation field also shows

(Fig.2) that the values of H1 in each layer are higher in
February than in any other period, (Bhagwat 1990,
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Fig.3. Isopleths of H1, (10 Wm™) on all days at Pune
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Fig.4. Isopleths of H} (10°Wm'?) on cloudless days

Jayaraman er al. 1993). Despite high mean temperature in

May, H) decreases by 7 per cent from April 12.53 MIm™
mainly due to increased clouding and moisture incursion.
The vapour pressure increases from 14.8 hPa in April 18.9
hPa in May. With the advent of the monsoon season H\
drops to 6.24 MJm™2 in June which further falls to 3.87
MJmin August when the daily mean temperature is around
24°C and the vapour pressure more than 24.0 hPa. A weak-
ened monsoon activity along with reduced vapour pressure
and lower cloud cover, H] increases to 6.60 MIm™ in
September.

H) is naturally higher on cloudless days. The highest
value is recorded in April with 13.8 MIm™ being lost daily.
The incursion of moist winds brings down this high value
by nearly 9 per cent in May,

. 4 . - *
3.2. Diurnal variations in H|

Kondratyev (1969) states that H] has a simple diurnal
variation with maximum at noon and minimum just before

sunrise. There is a monotonic decrease in H| during the
night from sunset to sunrise and he ascribes the main cause
to the variations in the temperature of the radiating surface.
Chacko (1951) showed from his measurements the good
correspondence with the moisture content. Kondratyev

(1965) states that the maximum H) is reached some time
after mid-day. Fig.3 gives the 1sopleths of hourly values of
Hi on all days. It is seen that the maximum is reached
around noon. March records highest hourly value of more
than 1.20 MJm 2 around the noon. The 1.00 MJm™ isopleth
covers more than 3 hours during the February - May period.
During the monsoon period the day time values are less than
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Fig.5. Diumal variations in H\ on all days at Pune

400 kJm™2. The entire night period during July-August re-
cords less than 100 kIm™ per hour. October records less than
100 kJm 2 before sunrise. The winter values not even reach
1.00 MIm™2 even at noon time.

Fig.4 gives the isopleths of H] on cloudless days. There
is no cloudless day during the monsoon months June Sep-
tember. The isopleth of 1.20 MJIm2 covers three hours
between 12-14 hours during March-April. The isopleth of
1.00 MJm™ encompasses more than five hours during
March to May. The rate of radiative cooling somehow
remains retarded in November at night time unlike October
or December.

The variations in the hourly values for each month are
depicted in Fig.5. Eventhough the data considered pertain to
days which are not necessarily cloudless, the decreasing

trend in H] from nightfall to day break is clearly seen. This
continues even during the monsoon period. Unlike the noon
maximum for global radiant exposure, The maximum oc-
curs generally just after the local noon. The highest noon

maximum in Hi (1240 k.lm'z) Pune occurs in March and
the minimum of 350 kJm™ in August, being about 72 per
cent lower than the March value. As soon as the monsoon
weakens, the noon value increases by more than 86 per cent
to 650 kJm™* in September. The time of occurrence of
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Fig.6. Diurnal variations in H on cloudless days

maximum is around noon time or slightly later, perhaps
depending upon the moist conditions of the soil and other
parameters like evaporation, humidity and temperature pre-
vailing at that time (Smolen et al. 1989) reports that the noon
hourly maximum is highest in August with 0.882 MIm? at
Mlynany. The noon maximum, however, occurs during

April (1370 kJm™2) when cloudless sky conditions alone are
considered and it is least 890 kJm™ in January (Fig.6).
Unlike days of all types of sky conditions, the noon maxi-
mum on a cloudfree day is generally attached at local noon.
The effect of drier atmosphere in February and March is
clearly seen in both Figs.5 & 6. The decreasing trend with
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TABLE 1
Percentage rainfall anamolies for Pune

Period Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Normal 1.9 03 3l 17.6 34.7 102.8 186.8 106.4 127.3 91.9 370 49

(mm)
1984 -100 331 -100 -66 -100 37 39 -51 45 153 -95 -100
1985 -100 -100 -100 -23 -1 -16 -30 -22 -51 87 303 -100
1986 -100 -100 -100 -100 11 153 -64 -2 41 99 -92 610
1987 160 178 -100 -70. 271 -30 -66 119 -81 113 -72 606
1988 . -100 -100 -100 222 -50 -36 68 -17 254 -100 -100 -100

time in the night values of H] is more prominent on cloud-
less days. Smolen et al. (1989) obtained 1.216 MJIm? for
noon hourly maximum in cloudless August. they conclude

that cloudless is the main regulator of H1 .
3.3. Seasonal variations in hourly values

The hourly variations when considered for seasons as a
whole, are found to be lowest during monsoon (Fig.7). The
dry and cloudless conditions of the pre-monsoon season,
which also receives higher solar irradiances, loses maximum

Hi both during the day and the night. The post-monsoon
months lose less than those of winter because of the secon-
dary temperature maximum and persisting moisture in the
air. The noon maximum in monsoon drops to about 500
Km? froma poak value of 1170 kIm 2 of the pre-monsoon
period amoynting to a decrease of about 57 per cent. The
corresponding noon maximum in post-monsoon season is
790 kJm? and that in winter is 930 kJm™. Similarly, the

morning minimum H1 is 180 kJm2 in the monsoon season
and 230 kJm™ during the pre-monsoon period.

3.4. Year-to-year variations

The mean daily values for each month very widely for

H] field over the entire 5-year period (Fig.8). Two striking
features that clearly stand out are the very low values (less
than 2.3 MJm™2 ) in July - August months during 1984 and
the unusually high values of the order of 5.5 MIm™ during
the same period in 1987, The values during 1985, 1986 and
1988 in this period are nearly the same and of the order of
the mean values. Ichiki (1988) made attempts to study the

response of H] to various meteorological parameters and
even could find some statistical relationships.

Table 1 gives the rainfall anomalies from the normal at
Pune. There is enough indication that there is a good rela-

tionship between the changes in H] that occur and the
rainfall occurrence at Pune during a month in rainy season,
between May and October. A study of Fig.8 with Table I

shows variations in H] and the ettent of variations to be
closely connected with the rainfall activity. The causal fac-

tor and the resultant could not be identified. The rainfall
distribution in 1984 and 1985 and the corresponding values

in Hy show such a relationship. Rains in June and July have
a corresponding decrease in H1 in 1984. In view of deficit

rainfall in June-July 1985, H\ are relatively high. This
interrelationship is more evident in the values for August-
October. The rains in 1984 have corresponding low rise in

Hi during September and October in relation to the radia-
tion fields in August. A sharp increase in H} in September

1985 indicates a deficit in rainfall. But in October, H}
decreases following excess rainfall. Similar changes can
also be seen during 1987 as well.

Fig.9 gives the variations in H] on cloudless skies
alone. The values do not very much differ from each other.
It can be seen that the absence of rainfall or deficiency in it

corresponds to higher losses in H] on cloudless days. More
indepth studies taking into consideration, the temperature
and humidity conditions for each day, may perhaps indicate

a better correspondence among H] and other meteorologi-
cal parameter. This study is beyond the scope of this present
exercise.

4. Conclusions

The effective outgoing terrestrial radiant energy Hj is
an important controlling parameter which directly affects
the prevailing atmospheric conditions. The time scale and
the process by which it affects the atmosphere is not exactly
known. The radiative heat exchange at each layer is more
complex. A variety of radiatively active gases and particu-
late matter that are present in the lower layers of the atmos-
phere have quite a contribution in affecting the thermo-
dynamic equilibrium of each layer, thus leading to a series
of reactions in the environment.

The values of H] are maximum during dry and warm
pre-monsoon month, particularly in March and April. The
minimum values are not during winter as it happens else-
where; they are during July- August depending on the actual
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rainfall distribution and its intensity. The daily maximum of
Hi occurs between 12 and 13 hours local time and the
minimum just before sunrise. A steady decrease in H] is
noticed from sunset to sunrise only on cloudless skies.

Under cloud cover, the nocturnal H} varies depending on
the zenith cloud cover, temperature and water vapour in the
air. A study of the rainfall and the mean H] indicates that
they are closely related to each other. More detailed studies
are to be made in this respect.
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