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Terrestrial radiant energy exchanges across tropopause over Pune
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ABSTRACT. Fortnightly atmospheric soundings with radiometer are being made at Pune after the sunset. The
data obtained over an eight year period, 1978-1985 and on occasions when these soundings reached stratosphere
have been studied in order to obtain a picture of the terrestrial radiant energy exchanges (infrared radiative flux
exchanges) across the tropopause. It is found that the tropopause generally loses energy almost throughout the year
except during the monsoon period. The net loss in radiant energy by the tropopause is 1.4 Wm ~ 2, The losses in the
pre-monsoon and the post-monsoon periods are respectively 3.4 Wm™" and 4.2 Wm™*, whereas the gain during the
monsoon season is 5.2 Wm ™. Winter losses amount 10 6.6 Wi ™. These values, however, vary widely in individual

cases depending upon the sky cover. and the depth of water vapour column.

Key words — Terrestrial radizant energy, Variations. Seasonal effect of clouds and humidity.

1. Introduction

The concept of tropopause as a layer of discon-
tinuity in lapse rate of temperature is very meaningful
in the studies of upper atmosphere. The height and the
temperature of the tropopause varies with synoptic
situations. The tropopause layer separates regions of
the atmosphere with different sources of driving
energy. “The region below the tropopause receives its
energy principally from surface heating. which is then
distributed throughout the troposphere by convective
motions of the atmosphere. Above the tropopause.
energy is absorbed in a bulk fashion by atmospheric
interaction with solar and terrestrial radiant flux”
(Webb 1966). The heat input due to these sources are
closely related to the radiative thermal field as well as
to the atmospheric absorbing parameters. In addilion
the absorption of solar irradiances do affect to some
extent. The results of the study on the terrestrial
radiant energy measurements at Pune over an eight
year period are presented here.

2. Data source

Regular fortnightly measurements of the vertical
profile of the terrestrial radiant energy during the night
time are being made at eight locations in India using
balloon borne radiometers. The radiometer used is an

(361)

economic Soumi-Kuhn radiometer and has two
independent surfaces. Two rod thermistors attached to
thin aluminised foils on either side of an expanded
polystyrene head to sense the equilibrium temperature
arising out of the exchange of radiant energy with the
surrounding by the aluminium foils. Balloon borne
measurements of the radiation field are being made
regularly at Pune since 1963. The data up to 1969 have
been published by Srivastava and Srinivasan (1969,
1971). Bhagwat (1990) studied the radiant energy
across the-tropopause for two years. The radiometer-
sonde data obtained at Pune over the eight year period,
1978-1985 have been analysed. The measurements
obtained when the sondes reached sufficiently high
levels well beyond the tropopause are only chosen
and studied.

If Ejgt represents the radiant energy reaching the
bottom layer of the tropopause from the troposphere
and Ejpl is the radiant energy emitted into the
troposphere by the bottom layer. E*p=E;zt—Eg
gives the net radiant energy at the bottom boundary of
the tropopause. Similarly E*7=Ej;4—E;pd gives the net
radiant energy at the top of the tropopause layer,
where, subscript T stands for the top boundary. Ej; is
the energy entering into the tropopaues, being the sum
of Eigt and Ejpd. E, is the energy exiting out of the
tropopause given as the sum of E;gl and Ejt. The
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Fig. 1. Mean radiant energy across the tropopause
TABLE 1 TABLE 2

across the tropopause

)

Pre-monsoon

Monsoon

Post-monsoon

Winter

E, E, E*
2957 2991 -34
2345 2293 52
2736 2778 -42
2877 26943 -66

Mean seasonal values of radiant energy (Wi °)
in the tropopause

Bottom boundary

Top boundary

Egt Egd E*p Eft Ert E%p
Pre-monsoon 2744 239 2504 2752 214 2539
Monsoon 2076 262 1814 203.1 269 1762
Post-monsoon 2484 289 2195 2489 2354 2237
Winter 2632 273 2359 2670 245 2426
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TABLE 3

Terrestrial radiant cnergy (Wm™°) across fropopause under clear
sky conditions

Depth of water
vapour column

Lower boundary Upper boundary

Ept Egpb E* Est Efd E*

2991 295 2696 2949 171 2778 dry

2794 246 2547 2775 257 2518 S0U-800 hPa
2857 17.8 2680 2856 163 2694 T00-800 hPa
2793 261 2532 280.8 360 24438 600-700 hPa
2020 138 1882 48 152 1896 > 400 hPa

difference between Ej; and E,. i.e. Ef* = Ej — Ej, will
determine if the radiant energy is lost by the
tropopause or retained in it

3. Results and discussion
3.1. Mean radiative energv across the tropopause

31.1. Fig. 1 gives the radiant energy entering into
(Ey) and exiting out (Ej,) of the tropopause layer and
the net radiant energy (£;*) retained in the tropopause.
Negative values of E;* indicates that the tropopause is
losing radiant energy. Also plotted is the pressure
thickness of the (ropopause layer over the entire 1978-
1985 period. It is seen that the radiant energy entering
into the tropopause is less than that is passing out, par-
ticularly in the pre-monsoon and post-monsoon
periods. During the monsoon period, however, the
radiant engrgy is retained in the tropopause leading to
E* being positive. E; remains nearly constant within
about 280-290 Wm~2 during January to May when E,;.
is around 300 Wm~—2, March, however, records a
higher value of 314 Wm~2 for Ej; and 307 Wm™2 for
Ej,. The total thermal energy, both Ej; and Ej, are
reduced quite sharply during the monsoon. Ej; reduces
by 11 per cent from 287 Wm~2 in May to 254 Wm~2 in
June and then to 216 Wm™= in July. The fall in Ej, is
more with 19 per cent drop, 302 Wm~2 of May to 245
Wm~2 in June. July again records the lowest 205
Wm~2. After the monsoons the values increase again
in October by about 20 per cent.

3.1.2. Fig 2 gives the mean values of the radiant
energy passing through the top and bottom of the
tropopause layer. A striking feature is that the values of
downward radiant energy E;d4 and Ejgl are both too
small—around 10 per cent of the upward or the net
component. Kihn er al. (1959) found that E4 > Ej.
They advocated that Ej* can be equated to Ef at the
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tropopause and above than finding Ej* from EA—EJ.
This means that the upward terrestrial radiant energy
is alfected only slightly by the stratosphere. It is seen
that the radiant energy emitted by the top layer is more
than that at the bottom, perhaps, due to the higher tem-
perature of the air at the top of the tropopause. During
the monsoon, however. the bottom layer emits more -
than the top layer. In the case of net radiant energy E*,
the trend is of the reversed order, the monsoon shows
higher values for the top surface than that for the bot-
tom surface of the tropopause.

3.1.3. A study of the seasonal values of the radiant
energy [ield shows that about 1.4 Wm™=.is lost by the
tropopause annually. Table 1 shows the mean total
energy received and lost by the tropopause layer dur-
ing the different seasons of the year. The tropopause
looses radiative heat of about 3_Wm‘2 during the pre-
monsoon season. It receives 296 Wm =2 and gives out
299 Wm~2 during this season. It is one of gaining of §
Wm 2 during the monsoons. It receives 235 Wm~—2 as
against the loss of 229 Wm™2,

Table 2 gives the radiant energy passing through
the top and bottom surfaces of the tropopause layer.
267 Wm~2 is the upward terrestrial radiant energy £74
from the top of the tropopause in winter while 263
Wm ™= enters it from the troposphere, giving rise to a
loss of 4 Wm~2 in the radiative energy. Compared to
this 27 Wm~=2 is emitted to the troposphere from the
tropopause and the layer receives 25 Wm~2 from the
stratosphere leading to 2 Wm~2 loss of energy. The
total loss of 6 Wm™=2 to the surrounding agrees well
with the measured value of 7 Wm~2. Similarly the
upward fluxes cause a net loss of 4 Wm~—2 and the
downward fluxes a 3 Wm™2 loss. The total loss of 7
Wm~2 compares well with 8 Wm~2 as measured. Dur-
ing monsoon it was a gain of 5 Wm ™2 frora the upward
fluxes and 1 Wm~2 from the downward fluxes. The
total gain of 6 Wm™2 agrees with the measured 5
Wm~2, The 1 Wm™~2loss due to the upward fluxes add
up with the downward flux loss of 4 Wm~2 in the post-
monsoon season to give a net loss of 5 Wm~2 as
against the measured value of 4 Wm™2

3.2. Variations from year 1o vear

Large variations from the mean values are seen in
the radiative energy transactions across the tropopause
when individual years are considered. Almost in 21l
years, the first four months of an year show (Fig. 3) very
high values for Ej, or Ej;, values being around 300
Wm~2. During the monsoons the values come down
very low, around 200 \:Vm'_z. The values after 1982
are, however, specifically much lower, around 150
Wm~2 during July. In a different study |Desikan et al.
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Fig. 2. Mean radiant energy in the tropopause over Pune

1994 (a & b)) one of the authors discusses the possible
role of the atmospheric pollutants on the relative
values of the components of radiant cnergy. A par-
ticular feature to be seen is the near uniform fluxes
around 270 Wm~2 almost during the whole year of
1982 except for December 1982 and January 1983. The
rains were very much below normal during 1982 — 16
per cent deficient. The associated clouding activity is
obviously not strong to reduce the radiative exchanges
resulting in ncarly uniform radiant energy fluxes
across the tropopause throughout the year.

3.2.1. No such grouping is possible when the sky
is cloudy, particularly when medium clouds are pre-
sent. Table 4 gives the specific values of the radiant
energy at the lower and upper boundaries of the
tropopause alongwith the levels up to which water
vapour measurements were possible. The values have,
however. been arranged in two sets. one with Ac tops
and the other with 4s tops. The gradation seen in the
values with the extent of depth of moisture and when
there was no clouds. is no more possible. Obviously
besides the genera, the amount of radiant energy
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Fig. 3. Isopleths of radiant energy (Wm™) in the tropopause
TABLE 4
Terrestrial radiant energy (Wm™°) at tropopause over Pune under cloudy conditions
Lower boundary Upper boundary Water
- vapour
Date Pres- Egt Egl E*y Pres- Est Ed E E, E, E* Cloud available  Rainy
sure sure type upto condition
(hPa) (hPa) (height in
hPa)
9 Mar 78 100 2043 230 1813 81 2077 78 1999 2121 2307 —186 AC; — Rain on 8th
30 May 85 100 2637 1.1 2626 82 2600 82 2518 2719 261.1 10.8-CuAC; 400 Nil
21 Jun 79 100 2293 318 1975 80 209.1 247 1843 2540 2409 131 SGC,AC,Ci; 250 Nil
17 Jul ’79 100 2487 345 2142 82 2521 149 2372 263.6_ 286.6 —23.0 SC,AC, 500 Nil
17 Jul "80 103 2474 114 2360 91 2546 219 2327 2693 2660 33 SCAC, 300 Rain on 16th &
18th
23 Mar 84 125 161.1 510 1101 89 151.1 480 1030 2091 2021* 7.0 SCGAC, 450 Rain ,on 23rd &
24th
24 Sep 81 103 2184 215 1969 89 2208 204 2004 2388 2423 -35 SC,AC, 400 Rain on 24th
5 Sep ‘85 115 1612 153 1459 90 1593 218 1375 1830 1746 84 SCAC,Ci, 300 Rain on 5th & 6th
20 Nov 'R0 113 131.6 384 932 108 1038 220 818 1536 1422 114 SC AC CSg 300 Rain on 20th
12 Dec ‘RS 100 1923 214 1710 75 1476 186 1290 2109 169.0 419 ACCi, 300 Nil
21 Dec 'RS 100 2534 596 1939 60 2619 159 2494 2693 3215 -522 AC, 650 Nil
18 Jun '81 102 1881 207 1674 95 1927 371 1555 2252 2134 11.8 SC,AC,AS, 250 Rain on 1%h &
20th
19 Jun ‘80 103 2462 186 2277 89 2395 164 2231 2626 2581 4.5 SCAS, 400 Rain on 18th
31 Jul 79 103 1272 368 904 93 487 659 =172 1931 855 1076 SC,AS, 250 Rain on 30th & 1,
2 Aug.
12 Jul "84 125 1808 456 1352 97 1648 —12 1660 179.6 2104 -30.8 SC,AS, 250 Rain on 13th
25 Jul "85 125 11,0 388 722 102 1028 429 599 1539 1416 123 SC;AS; 350 Rain on 24, 25, &
26th.
1 Aug 80 98 1885 446 1439 80 1977 241 1736 2126 2423 -297 SC;AS; 300 Rainon 31 July & 1,
2 Aug
8 Sep 83 110 1387 562 825 97 1346 399 947 1786 1908 —122 SC;AS; 250 Rain on Sth
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Fig. 4. Radiant energy in the tropopause in individual years
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reaching the tropopause is possibly very much depen-
dent on the cloud depth and its moisture content.

Taking the case when Ac clouds formed the upper
layer. the values of upwaf'd and net terrestrial energy
are seen to be generally higher whenever there had
been no rain on the day of measurement or on the
following day. On three occasions Ac clouds were the
only clouds. When only one octa of Ac cloud was pre-
sent. the radiant energy reaching the tropopause from
below is high. 253 Wm™2, as if there was no clouding.
The depth of moisture is up to 650 hPa and this com-
pares well with the values in Table 3. The humidity
sensor did not function properly in the case of March
sounding. when Ac was covering 75 per cent of the sky.
With Ci"clouds overlaying and the moisture present at
least up to 300 hPa. the upward energy has come down
to 192 Wm~=2

If there had been precipitation around the day of
measurement. As clouds in the upper layers seriously
disturb the values near tropopause. When there had
been good. rain on the previous day. the June value of
Eggt (19 June 1980) had reached 246 Wm =2, the mois-
ture extending up to 400 hPa. E;gl values are much
lower (less than 190 Wm™—2), on the other hand, when
.there had been rains on the day or on subsequent to
the day of measurement. The downward radiant
energy Ejgl. however, are generally higher than that
when the sky is clear or when it had an Ac ceiling.

A study of Fig. 4 indicates that the net terrestrial
radiative flux E/* in the tropopause layer generally
increases whenever there is an increase in the pre-
cipitation on the next day. Of course this is restricted to
April-November period only. Because of the two or
three measurements in each month'and since not all
balloon ascents reached the tropopause level. there are
few discontinuities in the data. This puts a restraint in
a positive statement on-the possibility of any connec-
tion between the net radiant energy field of the
tropopause and the precipitation at the earth’s
surface.

4. Tropopause radiant energy under different sky
conditions

The terrestrial radiant energy in the atmosphere is
highly affected by variations, amongst other, in water
vapour, carbon dioxide and dust particles. Of these the
role of water vapour is very important. It is to be expec-
ted that the depth of water vapour column is likely to
reduce the effective terrestrial radiant energy loss.
Table 3 gives few examples of the different situations
obtained as means of few balloon borne measure-
ments. A lower energy transaction is seen in the

tropopause even when the moisture content as
measured was restricted to layers below 800 hPa. A car-
eful study into individual ascents showed that the
freezing point of water was reached at heights much
lower than 550 hPa; two of the measurements were
made during winter. More interesting point is the very
low values seen when the moisture depth extends to
great heights even to levels higher than 400 hPa.
Incidentally it is worth mentioning that while it was a
clear sky on 8 November 1989, the depth of moisture
was so much (giving rise to higher amount of precipit-
able water) that it caused precipitation on subsequent
two days. In the case of dry atmospheric condition
given in the table, the surface air had only 17 per cent
relative humidity.

5. Concluding remarks

The tropopause occurs over Pune at a pressure
altitude of about 100 hPa. They show a marginal lower-
ing by about 10 hPa during the monsoons. The terres-
trial radiant energy entering into it is on an average
245.0 Wm~2 from the troposphere while about 2444
Wm~2 leaves it towards the stratosphere. This
amounts to about 0.6 Wm™2 being retained by the
layer. Stratosphere sends down only 24.7 Wm~2on an
average into the tropopause which'is just 10 per cent of
whalt it receives from the latter. Troposphere, however,
receives 264 Wm~2 from the tropopause, being 10.8
per cent of its supply to tropopause. The downward
flux thus results in a loss of 1.7 Wm™2, the net radiant
energy lost by the layer amounting to 14 Wm™2
only:

The monsoon season shows a retention of radiant
energy by the layer as compared to the losses during
the other parts of the year. This picture does not hold
good in individual years. Depending on the depth of
moisture, the degree and nature of clouding and the
rainfall distribution, the values of net energy change.
During the two years 1982 and 1985, when there had
been deficiency in rainfall during the monsoon season
(June-September), the tropopause was seen to be los-
ing energy 25.0 Wm~2 during 1982 (rainfall 17 per cent
below normal) but it gained 16.1 Wm~2 during 1985
(rainfall 30 per cent below normal). A check on the
rainfall distribution shows that distribution was more
even during 1985 which probably ensured even mixing
of water vapour in the atmosphere. The late heavy
rainfzll of September 1982 has possibly affected the net
energy of tropopause to become positive in October-
November period. Similarly the excess of rains in
November 1985 had caused a higher energy resider e
in the tropopause during winter — 31.5 Wm—2.

When the skies are clear the terrestrial radiant
energy fluxes are seen to be higher than those under
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cloudy conditions. However. these fluxes vary with the
depth of moisture. A dry (humidity less than 20 per
cent) condition in the troposphere contributes 299
Wm~2 to the tropopause while the presence of mois-
ture reduces it. When the depth of moisture extended
beyond 400 hPa. the upward energy reaching the
tropopause was reduced to 202 Wm™2. Skies with
altrostratus (A4s) ceiling clouds were found to cause a
much diminished radiant energy al the tropopause as
compared with conditions with Ac cloud cover.

Possibly a more frequent and careful probing of the
atmosphere with radiometers would give a clearer pic-
ture of the energy transactions between the two distinct
atmospheric layers—troposphere and stratosphere
and the linkage between them provided by the
tropopause.
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