Mausam, (1994), 45, 2, 139-148

551.593.54 : 551.51042

Reaction of radiometric parameters to atmospheric pollution :
Part Il — A comparative §tudy between pairs of stations
V. DESIKAN, V. R. CHIVATE and V.V. ABHYANKAR

Instruments Division, Meteorological Office, Pune
(Received 6 August 1992, Modified 22 July 1993)

W\ T 9 FeA & yan e 3, o Fifres vom o evn @ e 2 e agEesia g # oun o 39 @ 0g d
el e ot T A A SV TR are-ure @ aE O G e R | are: g 3 3 wen gers aeads #1 P wees
S ) g ¥ 4 Pt 2 dhaifives nfafarfa w v oo wu @ frard 221 aaft e it s 38 gf Pt a0
IEA ofteds Tf ot oo ®) e el B ur goll @ Pees el aetrs Rfeoh = 7 =0 & s

frarg 23 %)

ABSTRACT. Inpartl, the effect of atmospheric pollution over time at a given location was discussed. The par-
ticulate matter generated over a place is dispersed to surrounding areas. Thus a comparative study between pairs of
stations is worthwhile. The effect of industrial activity is clearly seen in the case of New Delhi when compared to
Jodhpur. However, the changes are not highly significant in the case of the already developed areas like Ahmedabad
and Calcutta. Almost all stations show a decreasing trend in the net outgoing terrestrial radiant energy.

1. Introduction

To highlight the effect of human interference
with the environment by way of developmental
activities in the fields of both agriculture and indus-
tries and the consequent urbanisation and the ever
increasing population, the stations considered in
part I are paired here in such a way that one station
is affected more than the other with which it is com-
pared. A mere presentation of comparative data
itself is revealing. Mani er al (1973) made such
studies in a limited way. To keep the discussions
brief, only two blocks 1970-71 and 1985-86, common
to all stations are considered and the analysis pre-
sented here.

1.1. Comparison between Jodhpur and Delhi

Jodhpur (26.3°N) and Delhi (28.6°N) are both
located in the same subtropical latitudinal belt and
subjected to the heavy injection of dust load of the
subtropics carried over from the deserts in the west.
Both are affected by the winter rains caused by the
eastward moving extratropical disturbances that
cause large fluctuations in the irradiances depending
upon their relative strength of activities at different
times. Jodhpur is affected more by the deserts due to
its proximity, and has serveral small scale industrial
units but mostly located east of the radiation station.
Delhi has more industrial units and a higher level
of urbanisation and is. therefore, subjected to greater
environmental stresses.

(139)

1.1.1. Pig. 1 gives the comparative values of the
different radiometric quantities studied, viz. H, Hy
S. B and EPt Global radiant exposure H, at Delhi
was consistently lower than that at Jodhpur by at
least 6 per cent and it was lower than 10 per cent or
more during the post-monsoon period. During this
period Delhi 1970-71, measurements were being
made from the Lodhi Complex. 1985-86 picture is
different, Delhi records slightly higher irradiance
levels than Jodhpur. H, at Delhi is substantially
lower only in December to February period. This
may, perhaps, be attributed to the dry conditions
that prevailed over Jodhpur during 1985-86 (26 per
cent less rainfall — Table | of part I).

Though H, was recording in different ways dur-
ing the two periods, diffuse radiant exposure Hy is
always more at Delhi. It was about 28 per cent more
than Jodhpur during 1970-71 and about 13 per cent
during 1985-86. The build up of the dust load over
the period, January to April has been rather slow
during 1970-71 as compared to 1985-86. The percen-
tage difference is uniformly higher in all the months
during 1985-86 as compared w 1970-72.

1.1.2. The direct solar irradiance S was consisten-
tly much lower at Delhi during 1970-71 Tt is loywer
in 1985-86 but the order of difference is less. On an
average, Delhi had remained consistently lower by
about 7 per cent during both the periods, the drop
in § in the individual stations during the period
were also almost by the same percentage, 17-18 per
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Fig. 1. Radiometric quantities at Jodhpur and New Delhi

cent. The annual values of S over Jodhpur and Delhi
are 843 Wm™2 and 781 Wm™2 respectively during
1970-71. These have reduced to-727 Wm~2 and 679
Wm~2 respectively by 1985-86. The turbidity coeffi-
cient B. however, gives a different picture. The value of
B8 has increased by over 60 per cent at Jodhpur during
the 15-year period from 1970-71 while it is about 12 per
cent increase over Delhi. The change of site at Delhi
has some contribution to make. The large differences
in the values of A seen between the two stations in 1970-
/1 has decreased in 1985-86, though the differences
between the two stations are still considerable. The dif-
ference was as high as 44 per cent in April during 1970-
71 whereas itis only 11 per cent but in February during
1985-86.

1.1.3. The net outgoing terrestrial radiant energy
E}t is equally affected by the atmospheric pollutants
by way of absorption and re-radiation to the earth. In
addition to the pollutants, the higher moisture content
in the air over Delhi contributes more to the downward
radiation as compared to that over Jodhpur. The
annual picture gives a somewhat same percentage dif-
ference between the two station — about 18 to 19 per
cent Jodhpur losing more. 1985-86 shows that the per-
centage is more uniform throughout the year as com-
pared to 1970-71.

1.14. Fig. 2 shows these variations in different
parameters in a more apparent way. The higher pollu-
tion content is more evident from the high ratios in p
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TABLE

Percentage differences between pairs of stations

Winter

Pre-monsoon Past-monsoon

Hy

H H, B E* S H H B Et

L

1970-71
1985-86

Jodhpur and
New Delhi

1970-71
1985-86

Bhavnagar and
Ahmedabad

Nagpur and 1970-71
Pune 1985-86

1970-71
1985-86

Ahmedabad and
Calcutta
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Fig. 2. Ratio of radiometric parameters at New Delhi
and Jodhpur

and much smaller fractional values in Eft. That
Jodhpur also has higher pollutants over the decade
and a half is also obvious when we find that the ratios
of almost all parameters do not much change over
the period.

1.1.5. Table 1 gives the seasonal percentage dif-
ferences in radiation parameters at the stations. The
nearly same trends in rainfall quantities during the
pre-monsoon periods (see Table 2) has kept the dif-
ferences in the radiation parameter very small and
nearly the same both during 1970-71 and 1985-86
blocks. The rainfall deficits during the 1985-86 block
have ensured more variation in the sky conditions and
hence higher percentage for Delhi over that for
Jodhpur.

1.2. Comparison between Bhavnagar and Ahmedabad

As mentioned in part I, Bhavnagar (21.75°N) is
on the coastline with plenty of salt extracting farms,
while Ahmedabad (23.07°N) is continental in its
weather. Ahmedabad with its early industrialisation
has a highly polluted air. Bhavnagar on the other
hand has little of the heavy industries but has the
marine salt hygroscopic particles w#h plenty of
moisture brought in by the sea breeze.

1.2.1. The global radiant exposure Hy does not
show any serious difference at the two places
during the January-May period during 1970-71 (Fig.
3). But Ahmedabad surprisingly reads higher
during the post-monsoon months during this block.
It is as high as 18-20 per cent On an average
Ahmedabad was receiving a marginally higher
irradiance on clear days. This picture, however, .
gets reversed during 1985-86 with Bhavnagar receiv-
ing marginally higher irradiance. The period
January to May has consistently low irradiance
over Ahmedabad than that over Bhavnagar. The
post-monsoon difference is very much reduced and
Ahmedabad has only about 7 per cent
higher irradiance.

1.2.2. Unlike Hg, Hy is generally lower over Bhav-
nagar during 1970-71. 1985-86 block shows sharp
increase in Hy; at Ahmedabad. The nearly same
average values of 1970-71 at Ahmedabad and Bhav-
nagar are no more seen during 1985-86. Ahmedabad
receives an 11 per cent excess diffuse ircadiance than
Bhavnagar. The pre-monsoon period has more than 20
per cent of H; at Ahmedabad. However, both places
have responded in a similar way by having a higher
irradiance level for H; during September in 1985-86
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Fig. 3. Radiometric quantities at Bhavnagar and Ahmedabad

when both had poor monsoon rainfall. 40-45 per cent
lower than the normal in each year. The H, values are
still 574 MJm~2 at Bhavnagar and 669 MJIm~2 at
Ahmedabad. A relerence to Figs. 3 & 4 of part I
indicates that both places hac the higher H; during
1985-86.

1.2.3. Fig. 2 shows clearly the atmospheric con-
ditions that existed during 1970-71 and 1985-86.
Ahmedabad was receiving a slightly lower (3 per cent)
direct solar irradiance S during 1970-71. The differen-
ces were predictably of higher order at Ahmedabad
during April-May. Fig. 3 of part I indicates that S has
decreased by 13 per cent over Ahmedabad. Bhavnagar
(Fig. 4 of part I) had a reduction of 11 per cent during

the period 1970-71 to 1985-86. The nearly same percen-
tage decrease over the 15-year period has resulted in
keeping the same differences in S between the two
places over the period.

1.24. Fig 2-again shows a slightly different picture
in the case of variations of B. From the values of B
Ahmedabad appears to be more transparent in the
1970-71 block. A check on the rainfall data shows that
Ahmedabad had a mere 49 mm annual rain in 1970
and 544 mm in 1971 as against the normal 823 mm. On
the other hand Bhavnagar had 1460 mm in 1970 and
534 mm during 1971 as against its annual normal of
661 mm. The obvious inference is that the presence of
copious moisture at Bhavnagar with the hygroscopic
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TABLE 2

Seasonal rainfall in percentage during the two blocks

Winter Pre- Monsoon Post- Winter Pre- Monsoon Post-
monsoon monsoon monsoon monsoon
Jodhpur New Delhi
1970 —100 0.0 +50 —100 +47 +123 +5 —74
1971 —100 +571 —24 —59 —44 +98 +33 —76
1985 —100 +939 —67 —34 —85 —55 -3 +152
1986 =71 +542 —37 —72 +129 +66 —67 —100
Ahmedabad Bhavnagar
1970 —80 —100 —9%4 —95 —63 +65 +136 —100
1971 —100 +86 —35 —33 -100 =77 —11 —98
1985 —100 +163 —18 +129 —100 —99 —40 +188
1986 —100 +42 —45 —100 —100 —100 —47 —100
Pune Nagpur
1970 —100 —5 —36 —16 +1 +43 +44 —98
1971 —100 —46 —21 —67 +198 +23 —10 +50
1985 —100 —63 —33 +21 +54 —a44 —10 +417
1986 —100 —42 —5 —98 +431 —50 —19 —68
Calcutta
1970 —74 —29 —2 +55
1971 +148 +74 +39 +50
1985 —64 —46 +6 —18
1986 —a44 —5 +47 +79

Fig. 4. Rdtio of radiometric parameters at Ahmedabad
and Bhavnagar

nuclei available nearby has caused the transparency of
the atmosphere to decrease. The period 1985-86 shows
that Ahmedabad had a marginal annual rainfall.sur-
plus of 7 per cent in 1985 and a large 46 per cent deficit
in 1986 whereas it was, in the case of Bhavnagar, 27 per
cent deficit in 1985 and 52 per cent deficit in 1986, This
has, perhaps, led to a nearly same values of B almost
throughout the year.

1.25. Fig. 4 shows the ratio of the values for
Ahmedabad with reference to Bhavnagar. The figure

clearly indicates that the variation, if any are marginal
due to increased atmospheric pollution mainly on
account of urbanisation. H; and B respond in a similar
way and are better indication on the sky condition.

1.2.6. The seasonal values (Table. 1) do not show

.any appreciable changes at the two stations. The

global radiant exposure M, and the turbidity B show
that in 1985-86. They are lower in Ahmedabad by 10
per cent and Bhavnagar had a 15 per cent lower Hy
during this block as compared to 1970-71 block. This is
inspite of Ahmedabad having had fairly good pre-
monsoon showers. It was not so in the case of Bhav-
nagar. The 20 per cent higher value of H, at
Ahmedabad had reduced to a just 4 per cent and that
the turbidity B had increased quite large over
Ahmedabad by over 14 per cent. The monsoon rainfall
was less by nearly the same order 40-45 per cent (Table
2) at both the places and both had excess rainfall dur-
ing the post-monsoon period.

1.3. Comparison between Pune and Nagpur

Pune (18.53°N) is on the eastern side (rain shadow
area) of the Western Ghats and has over the years seen
an explosion of industrial and consequent urban
development activities. Nagpur (21.10°N) is"in the
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Fig. 5. Radiometric quantities at Pune and Nagpur

central parts and just south of the Satpura ranges.
There has been some industrial development activi-
ties.

1.3.1. Fig. 5 gives a surprising feature that Pune
and Nagpur receive nearly same H,. Pune receiving a
slightly higher irradiance. In 1985-86. the percentage
dilfcrence has further shrunk between the two cities,
Pune apparently becoming less transparent.

H g4 valués, however, show that on an average
Nagpur had only 4 per cent higher irradiance than

Pune during 1970-71 and this has surprisingly in
creased to 19 per cent in 1985-86. The highest dif-
ference is seen during November to February season.
One possible cause may be that Pune is subjected to
the westerly sea breeze which may carry the dust par-
ticles off to the east of Pune. Such cleansing
mechanism will not be available in Nagpur. Further,
Nagpur has registered a phenomenal increase in
urbanisation around the observational site.

1.3.3. Fig. 5shows the relative values of § at the two
places over the two blocks. Here again Nagpur receives
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Fig. 6. Ratio of radiometric parameters at Pune and Nagpur

much lower irradiance both during 1970-71 block (17
per cent) and 1985-86 block (12 per cent). Even the
fairly well spread rainfall activity over Nagpur (Table 1
of part I) does not cause any increase in S. In addition
to the cleansing westerlies, the higher incidence of §
may, perhaps, also due to the differences in the eleva-
tion above the mean sea level. Pune is 555 m and
Nagpur 308 m. A reference to Figs. 6 & 7 of part I shows
that the annual average value of § at.Pune has dec-
reased by 11 per cent from 850 Wm~2 in 1970-71 to 753
Wm=2 in 1985-86. Nagpur also shows a decrease of 16
per cent from 703 Wm™=2 in 1970-71 to 660 Wm™~2 in
1985-86. However, the percentage differences between
Pune and Nagpur is much reduced during 1985-86 as
compared to 1970-71.

1.3.4. The turbidity coefficient gives a better picture
of the turbid sky over Nagpur The average value of B
over Nagpur, however, remains nearly the same (0.111
in 1970-71, 0.106 in 1975-76, 0.100 in 1980-81 and again
0.113 in 1985-86 blocks). Over Pune, it is, however,
0.069 in 1970-71 and 0.085 in 1985-86, an increase of
over 20 per cent. The B values also show a lower per-
centage difference in 1985-86 as compared to 1970-71.
Pune has recorded an increase in almost all months
over the 13-year period unlike Nagpur which has

6—9 IMD/94.

shown only a marginal increasing trend. Similar
results are reported by Srivastava er al. (1992) as a result
of analysis of the sunphotometer data. They found that
the Nagpur has about 22 per cent higher value of tur-
bidity (0.140) than Pune (0.109). They found a general
increasing trend in the turbidity values at all stations.
They conclude from the frequency distributions some
of the stations show an increasing trend towards
higher values. The higher factor is likely to be due to
anthropogenic contribution.

1.3.5. Itis in the outgoing terrestrial radiant energy
field that the actual changes in the human environ-
ment are clearly seen. Nagpur is consistently having a
lower Eff. The annual difference is 7 per cent, Pune
having 81 Wm~=2 and Nagpur 75 Wm“2. That the Pune
sky gets cleaned quickly by rains and westerly winds is
seen in the steady build up in Eft from September
onwards during 1970-71. Nagpur also experiences
similar trend but to a lesser degree. The 1955-86,
however, shows an entirely different picture, Pune haw
ing Eftaslow as 56 Wm~2 for its annual value as com-
pared to a 55 per cent higher value of 87 Wm~2 at
Nagpur. The decrease in Eff seen in Nagpur during
April-June due to good pre-monsoon rains is also
reflected here. Pune which on an average looses 81
Wm~2 during 1970-71 has only 56 Wm~2 in 1985-86, a
drop of 31 per cent. Perhaps, this is something to be
kept in view for future monitoring.

1:3.6. The ratio of the values between Pune and
Nagpur with Nagpur as reference clearly bring out the
effect of the developments at Pune. The marginally
higher Hy at Pune has started showing signs of becom-
ing Iowcr than Nagpur. The values of Hy though nearly
stable shows the increasing trend at Pune, S and f
show appreciable changes very clearly. The ratio in §
has reduced from an average of 1.2 to 1.1 while f ratios
show sharp increases at Pune. The longwave radiant
energy makes it evident that in 1985-86 more energy is
being trapped in the atmosphere at Pune and returned
to the earth.

1.3.7. The seasonal values also show drastic depar-
tures in 1985-86 when compared with those of 1970-71.
(Table 1) The deteriorating environment condition in
1985-86 is rather evident. Pune of course had less rain-
fall during both the blocks (Table 2).

1.4. Comparison between Ahmedabad and Calcutta

Ahmedabad (23.07°N) and Calcutta (22.53°N) are
located within the same latitudinal belt but one in a
semi-arid region in the western parts of the subconti-
nent and the other, Calcutta in the Gangetic delta with
good and well distributed rainfall. The annual rainfall
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Fig. 7. Radiometric quantities at Ahmedabad and Calcutia

is of the order of 823 mm at Ahmedabad and 2211 mm
at Calcutta. Located in the delta region and much
nearer the coasts, Calcutta has more precipitable water
in the atmosphere. Both places have had industrial
activity over long periods, Calcutta having more heavy
industrial installations. The population is also denser
over Calcutta.

14.1. Considering the background conditions of
the two places, global solar radiant exposures Hy for
Calcutta should be very much less than that at
Ahmedabad (Fig. 7). However, it is only 7 per cent
lower on an average at Calcutta. An interesting feature
is the large differences seen in the post-monsoon

period, October-December, Ahmedabad receiving 10
per centor more of Hy. As the season advances, the two
places receive nearly the same radiant energy.

1.4.2. The diffuse component H, gives the better
idea about the relative conditions. Hy at Calcutta was
as high as 36 per cent on an average as compared to
that at Ahmedabad. The build up of dry dust over
Ahmedabad is so high in the pre-monsoon period that
Hy is just 17 per cent lower than that at Calcutta. The
presence of dust particles and abundant water vapour
keeps the atmosphere more turbid in Calcutta as com-
pared to the efficient washing out by the monsoon
rains of the dust particles over Ahmedabad. The rapid
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Fig. 8 Ratio of radiometric parameters at Calcutta
and Ahmedabad

urbanisation at Ahmedabad later has caused Hy to
increase, the average difference between Calcutta and
Ahmedabad reducing to 13 per cent during 1985-86.
The winter fogs, however, cause more diffused energy
at Calcutta as compared to that at Ahmedabad.

1.4.3. Measuring the solar irradiance S at normal
incidence is a direct index of the attenuation properties
of the atmosphere. The attenuation of the Calcutta sky
is higher and the irradiance is about 10 per cent lower
than that at Ahmedabad (831 Wm~2). The higher dif-
ferences noticed in Hy during the post-monsoon
season is reflected in values of S also. 1985-86 picture,
however, shows that the differences between Calcutta
and Ahmedabad are uniformly high, of the order of 29
per cent. The period November-March have the dif-
ferences higher than 30 per cent, Calcutta receiving the
lower irradiances. The 15 per cent difference in May at
Calcutta may, perhaps, be due to the prevalent thun-
dershowers at Calcutta and the absence of them at
Ahmedabad. The larger attenuation is seen to be
rather more at Calcutta—a drop of over 30 per cent
from 746 Wm~? during 1970-71 to 516 Wm~? during
1985-86. The decrease at Ahmedabad during the cor-
responding period is about 13 per cent only.

144. Angstrom turbidity coefficient B at Calcutta
is almost double that at Ahmedabad (Fig. 7) during
1970-71. The higher values of B during the post-
monsoon period condition continues to be the same
but the differences have reduced to some extent pre-
sumably due to the increased pollutants, dry in nature,
at Ahmedabad. At Ahmedabad B has increased by
more than 70 per cent while it is only 55 per cent in the
case of Calcutta. This approximately agrees with that
of diffuse component but is in variance with that of S.

A possible explanation for the large attenuation in S at
Calcutta without corresponding increase in B or Hy is
that the hygroscopic particles grow in size and later
absorb the irradiation as water droplets in the infrared
range rather than act as scattering particles. This may
have to be verified by measurements in more spectral
bands.

1.4.5. The phenomenal increase in the atmos-
pheric pollutants over Ahmedabad has been attributed
in the previous paragraphs to be the cause for the
“higher than 70 per cent” increase in f§ and the nearly
20 per cent increase in Hy over the 15-year period {rom
1970-71 to 1985-86. This is reflected in the terrestrial
radiant energy (E}?) field as well. Ef* on an average
had decreased by 14 per cent over the period. The 1970-
71 block shows a 30 per cent lower loss in Eft over
Calcutta (58 Wm-?) than that at Ahmedabad
(83 Wm-?). The post-monsoon differences arc
again high.

The 1985-86 block, however. gives a different pic-
ture. Calcutta consistently (except in January) records
a much higher loss (87 Wm~=?) as compared to that at
Ahmedabad (71 Wm~?). This would require a further
study in depth. '

14.6. The ratios of H, values at the two places
show that they are of same order during both the
periods (Fig. 8). H; values, however, are affected. This
is amply supported by the lower ratios of B in 1985-86.
S values, however, show much sharper decrease at
Calcutta during the period. The poorer environmental
condition at Ahmedabad is better reflected in the
values of E}. The average ratio of 0.70-0.75 of 1970-71
has increased to more than 1.00.

14.7. A study of changes in the seasonal values
(Table 1) supports the trend in the deterioration of the
environment at Ahmedabad. S had decreased by more
than 30 per cent. H;, however, shows varying degrees in
the trend. Rainfall distribution (Table 2) has been
uneven during 1985-86. The good pre-monsoon
showers at Ahmedabad had reduced the difference
which otherwise would have been more because of the
lack of rainfall activity at Calcutta during the season. A
good monsoon rains at Calcutta and a poor season at
Ahmedabad has helped in reducing the differences
in Hy.

2. Concluding remarks

The “developmental” activities leading to-urbani-
sation enhance the injection of more particulate
matter and the trace gases into the atmosphere. This is
in addition to the dust load due to the natural
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phenomena like dust storms and dust raising winds
and due to the loosening of soil matter degraded by the
over use of the soil by increased population of an area.
These pollutants are carried by wind to arcas far away
from the place of their origin. The radiometric studies

offer good indications on these spreadings. Some of

salient leatures thus seen are

(i) The ratio fI,/H, also shows an increasing

trend. It has increased from 0.24 in 1939-61
to 032 in 1985-86 at Delhi. This ratio.
however. remains nearly constant at places
with higherindustrial activity. around 0.22 at
Ahmedabad and 030 a1 Calcutta. Bhav-
nagar also has a steady value. around
0.22.

The comparative studies bring out the
impact ol industrialisation fairly well over
that of urbanisation particularly in the case
of Delhi and Jodhpur.

The changes in the values over the 13-year
period are not highly significant in the case
of industrially  developed  areas  like
Ahmedabad and Calcutta. Dogniaux and
Sneyers (1972) conclude that there is no
significant changes in the radiation para-
meters over Uccle over a long period. Per-
haps. this is due to the fact that the
atmosphere over Uccle had already reached
high levels of particulate matter concentra-
tion and further activities have only
marginal effect in increasing the acrosol
content.

indicate that the magnitude of outgoing
terrestrial energy shows a steady decrease
over the period. This means more and more
of the energy is getting trapped in the
atmosphere. The changes in Delhi and
Jodhpur are marginal: in the case of Pune. a
drastic reduction of over 25 per cent in Ef
over 15-year period has been” naticed. A
more detailed study of £} obtained in the
network may be worthwhile and. perhaps.
provide some indication of the trends

Changes in both the polluting and scaveng-
ing mechanisms in the atmosphere are res-
ponsible for the observed variations in the
global. diffuse and oulgoing terrestrial
radiant energy. There is every likelihood that
these variations are the [orerunners of poss-
ible climatic changes that are slowly creep-
ing in. Since the time scales involved in such
climatic changes are quite large, a close
monitoring of the changes in all aspects of
solar radiation is absolutely essential. This
could enable us to take notice of undesirable
trends in hivman activity and take corrective
action well in time to aveid catastrophic
damage to the atmosphere. On the other
hand. it could also help us to detect trends
which may be lavourable for life on carth
and utilize them to benefit all forms of life
on earth. The results reported in this paper
highlight the need lor sustained efforts to
gather continued., high quality radiation
data from number of locations in the
tropics.

(iv) Bombay data were not used [or comparisons References
with those of Pune because the regular sea
breeze over Bombay is likely 1o blow away
the dust over to the mainland.
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