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"ABSTRACT

The variations noticed in the atmospheric electric field recorded at Pune (18°32'N, 73°51'E, 559 m ASL). a tropi-
cal inland station located in Deccan Plaieau, Indiz, during the period 1930—1987, have been ¢xamined in relation 1o
the variations observed in the Angstrom turbidity coefficient (§) and selected meteorological parameters. The month-
ly and annual mean valves of the atmospheric electric field, Angstrom urbidity coefficient {f), rainfall, temperature
and relative humidity for the years 1930-1938, 19571958, 1964-1965, 1973—1974 and 1987 were considered in the
study.

The results of the above study indicated gradual increases in the atmospheric electric field over the period of
study (1930—1987) which is statistically significant at less than 5%level. The increases noticed during different periods
varied from 30 10 109%. The increase noticed during the period (1930—1938) and {1973-1974) was maximum {109%).
The Angstrom turbidily coefficient also showed systematic increases during the period of study, which is consistent.
The diurnat curve of the atmospheric electric field at the station by and large, showed a double oscillation, which is

generally observed in the continental environments.
{. INTRODUCTION

A study of the variations in atmospheric electrical parameters in relation to atmospheric
acrosols and meteorological parameters collecied at any station over a long pericd would be
of significant importance for the climate related studies. A long series of systematic observa-
tions of atmospheric electric fizld were recorded at a tropical inland station, namely, Pune
(18°32'N, 73°51’E, 559 m ASL), since 1930. In order to examine the long term variations in
almospheric electric field, the monthly data for the period 1930-1938, 1957-1958,
1964—1965, 1973~1974 and 1987 were examined. The observations of the atmospheric electric
field during the period 1930—1965 were cartied out by India Meteorological Department, at
the Meteorological Office, Pune. The Indian Institute of Tropical Meteorology, also carried
out similar observations at the same site during the years 1973—1974. Also, similar observa-
tions were carried out by the Institute at its new campus located about 3 km sonthwest of the
earlier site. The results of the study undertaken utilizing the data for the period 1930 to 1969
were reported (Choudhuri and Gopinath, 1968; Mani end Huddar, 1972). Since idenlical in-
struments were used for recording the atmospheric electric field during the entire period
(1930—1987), it was considered worthwhile to examine the data for any possible long term va-
rialions. Also, the diurnal variations in the atmospheric electric field were examined. In addi-
tion to (he atmospheric electric field, data of other parameters obtained from the observations
recorded at the Meteorological Observatory, Pune during the corresponding period were also
considered. These inciude (i) Angstrom turbidity coefficient () which may be an index of the
suspended particulates in the atmosphere; (i) Rainfall (iii) Temperature (iv) Relative humidi-
ty. The resuits of the study are presented below.
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1. DATA AND ANALYSIS

For the study of long term variations in the almospheric electric field, analysis of the
continuous data series for the entire period 1930—1987 is required. However, the present in-
vestigation is restricted to the analysis of the atmospheric electric field data for the five epi-
sodes viz., 1930—1938, 1957—1958, 19641965, 1973—-1974 and 1987 since these daia could on-
ly be procured for the study.

The monthly mean values of atmospheric electric field for the periods 1930~1938,
1957-1958, 19641965 were taken from the publication of Choudhuri and Gopinath (1968).
The atmospheric electric field data for the periods 1973—1974, 1987 were extracted from the
records of the Institute. The atmospheric electric field in both the above cases was recorded
using a radioactive sensor and an electrometer (Choudhuri and Gopinath, 1968; Mary Selvam
et al., 1980). The minimum value of the electric field which the instrument can record is 2
Vm™' in the highest sensitivity range. The data of atmospheric electric field recorded on fair
weather days were only considered in the study. This would minimize the local effects, if any,
on the long term variations of the atmospheric electric field at the station. The monthly data
of Angstrom turbidity coefficient (B}, rainfall, temperature and relative humidity were ob-
tained from the India Meteorological Department, Pune. The data of Angstrom turbidity
coefficient (ff) were not available for the period 1930~1938, Hence data of § for the four epi-
sodes, namely, 1957~1958, 1964—1965, 1973—1974 and 1987 could only be considered and the
variations noticed in f with respect to 1957—1958 were computed and the results are presented
in the Tables 1,2,3 and 4. Also, the data of § during the monsoon season were not available
on many days. During the monscon season due to cloud—formation, it is not possible to un-
dertake the solar radiation observations required for the computation of £ on many days.
Hence, (he variations noticed in £ during the monsoon seasons could not be studied.

11, METEQOROLOGICAL CONDITIONS

A brief summary of the existing meteorological eonditions duﬁng the four seasons is giv-
en below.

(i) Pre—monsoon {(March—May}

The weather is very hot with daytime maximum temperature reaching 40°C., Surface
winds are mostly gusty and cumulonimbus development takes place during afternoon / eve-
ning hours when synoplic conditions are favourable. The dust content in the atmosphere is

maximum during this season.
(i} Monsoon (June—August)

The air flow in the lower troposphere is westerly which brings a large influx of moist air
from the Arabian sea. Under the influence of large—scale convergence due to synoptic
systems, the region gets light continuous / intermittent rain, from cumulus and strato—cumu-
lus type clouds. Prominent weather developments take place in the area when there is a trough
of low pressure off the west—coast. The atmosphere is relatively free from dust during this

S£ason.
(ill) Post—monsoon {September—October)

The weaterly flow weakens in the lower troposphere and the gasterly flow sets—in
accompained by a rapid fall in the mihimum temperature by the end of October.
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(iv) Winter {November—February)

Fair weather condilions exist with clear skies. The relative humidity is very low. Surface
winds are light and least gusty. The daily surface minimum temperatures occasionally go
down to 3 or 4°C when incursion of dry polar continental air takes place into the region in
the wake of low—pressure system (western disturbances) moving across the far north western
parts of the country, Low—level inversions are present during morning and evening hours and
dust haze occurs during morning hours.

IV, RESULTS AND DISCUSSION

The annual mean values of atmospheric electric field, Angstrom turbidity coefficient (f),
rainfall, temperalure and relative humidiiy for the years 1930—1938, 19571958, 1973—1974
and 1987 are given in Table 1. The seasonal mean values ot the above parameters for the same
period are given in Table 2. The percentage variations noticed in the above parameters during
different years and seasons as compared (o the values observed during 19301938 were com-
puted and the results are given in Tables 3 and 4 respectively. The diurnal variations of at-
mospheric electric field observed during different seasons for the same periods (19571958,
1964—1965, 1973~1974 and 19%7) are shown in Figure 1. The data of humidity and Angstrom
turbidity coefficient for the period 1930—~1938 were not readily available and hence they could
not be considered in the present study.

The variations noriced in differeni parameters are discussed below.

Table.l. Annual Mean Values of Different Parameters Recorded al Pune during Differeni Petiods

Period
Parameters 1930-38  1987~58  1964~65 197374 1987
Atmospheric Electric Field (Vm™'} 67 63 87 140 97
Angstrom Turbidity Coefficient (#) NA 0.002 0.051 0.105 0.058
Rainfall (cm) 73.0 T0.0 62.0 78.0 720
Temperature (T) k1] 323 EyAll 36 3.0
Relative Humidity (%) 620 61.0 610 alo 65.0

NA: Data not available

() Atmospheric Electric Field

The annual mean values of atmospheric electric field showed consistent increase, over the
years 1930 to 1987 (Table 1). The average value during 1930-1938 was 67 Vm™' and it
showed a gradual increase over the years since 19641965 reaching 140 vm™' during
1973—1974. The lower value of the atmospheric electric field (97 Vm ' ) observed during 1987
may be atiributed to the change in the observational site as mentioned in Section 1. The per-
centage increases noliced with respect to (he initial period (1930-1938) were in the range from
30 to 109% (Table 3). The maximum increase of 109% (significant at less than 5% level}) was
observed during the period 1973—1974 as compared Lo the value of 1930—1938. This increase
in atmospheric electric field may be attributed (o the variations in the atmospheric electric
conductivity resulting from urban effects over-the period 1930-1974. Since the measurements
of atmospheric electric field were carried out at the same location and using the identical in-
struments, the variations noticed in the electric field cannot be attributed to uncertainties
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involved in the measurement or local conditions surrounding the site of observations.

The electric field during winter and post—monsoon seasons showed systemalic increases
{Tables 2 and 4). The increases noticed during the winter season would be representative of
the fair weather conditions exjsting in the atmosphere. During the pre—monsoon and mon-
soon seasons the variations noticed are not systematic. This may be due to some local effects
on the atmospheric electric field resulting from the thunderstorms forming during the
pre—monscon and layered type clouds forming during the summer monsoon season. Also, the
number of fair weather days is small during the above two seasons particularly during the
SUMINET MONSOON SEas0n.

The increase noticed in the atmospheric electric field during the winter season of
1973—1974 was maximum, namely, 191% which is significant at 5% level. The maximum in-
crease noticed in the atmospheric electric field during winter could be attributed to the in-
creases in the dust load in the lower atmosphere (Khemani et. al., 1985). The results of the
present study are in agreement with those reported by Choudhuri and Gopinath (1968) and
Mani and Huddar (1972). These studies also indicated increasing trend in the atmospheric
electric field recorded at Pune during the period 1930—1969. Results of the simultaneous
measurements of atmospheric acrosols, atmospheric electric field, small ion concentration
and atmospheric electric conductivity made during 1967-1969 at Pune were repored by Mani
and Huddar (1972). The results showed marked increase in the atmospheric electric field and
aerosol concentration; and a decrease in small ion and conductivity which are in agreement
with the present study.

Also, the results of the present study are in agreement with those of Cobh and Wells
(1970} who had shown that over the past half century the atmospheric electric conductivity
decreased by at least 20 per cent in the North Atlantic and attributed to an increase of the
fine—particle aerosol poflution in the area. The results of the present study are further corrob-
orated from the variations noticed in the Angstrom turbidity coefficient {#) which is an index
of the suspended particulates in the atmosphere (Table 3).

Table 3. Percentape Yariations Noticed in Different Parameters during Different Years

Period
Parametcrs 195758 1964-65 1973-74 1987
Atmospheric Electric Field (Vim ™) % +30 +109° +24
Angstrom Turbidity Coefficient {ff) NA +3450 +51507 +2000°
Rainfail {cm) -4 —15 +7 -2
Temperature{T ) +3.0 +1.5 +0.3 —L.5
Relative Humidity (%} -1 -2 -2 +5

+ Signiftcant al less than 3% level

As already stated in Section 2, the variations noticed in fi could only be studied for the
four episodes, namely. 1957~1958, 1964—1965, 1973—1974 and 1987. The mean values of §
showed large variations ranging from 0.002 during 1957—1958 (o 0.105 during 1973-1974.
The large variations in § could partly be due to the clouds present during the time of observa-
tion of the solar radiation. The values of § are particularly high during the pre—monsoon and
posi—monsoon seasons (Table 2), which may be due to the cloudy sky conditions al the time
of observations. As a consequence, the percentage variations in § (Tables 3 and 4) are also
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Fig.1. Diurnal variation of atmospheric electric field during difterent seasons / periods.

very high. This point is lo be kept in view while interpreting the resulls in respect of f. How-
ever, there is a systematic increasing trend in the value of £, which may be attributed to the
increase in the atmospheric pollution over the peried of observations 1957-1987. The varia-
tions observed in B are consistent with the variations noticed in the atmospheric electric field.

The diurnal curve of the aimospheric electric field (Figure 1) showed, by and large, a
double oscillation which is generally observed in the continental environments (Chalmers,
1967: lsracl, 1973; Mary Selvam et. al.. 1980). The diurnal pattern over the period of the study
shows no significant change. However, an increase in the amplitude is evident during the win-
ter (Figure 1),

(il) Meteorological Parameters

The annual rainfall was maximum during 19731974 and minimom during 19641965
{Table 1). There is no definite trend in the variation of rainfall which could be attributed to
climatic scale fluctuations. The lemperature appears 1o indicate a small decreasing trend
(1.3°C) during the period 1957-19%7 {Table 1), The humidity data did not show any signifi.
cant variations during the period of the study (Tables 3 and 4).

Y. CONCLUSIONS

The study of the atmospheric electric field, Angstrom lurbidity coefficient () and se-
lected meteorological parameters recorded at a tropical inland station during 1930—1987 sug-
gested the following.

(1) The electric field shawed significant gradual increase over the period of study
{1930~1987). The increases noticed during different periods varied from 30 to 109%and the
maximum increase of 109% (significant at less than 5% level} was noticed during the periods
(1930~1938) and (1973—1974).

(2) The Angstrom turbidity coefficient () also showed systematic increases during the
period of study which is consistent with the variations noticed in the atmospheric electric
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field. The variations noticed in the metecrological parameters are not systematic.
{3) The diurnal curve of atmospheric electric field showed, by and large, a double
oscillation which is generally present in the gontinental environments.
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