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ABSTRACT. Columnar aerosol spectral optical depth data, estimated using a ground based passive
multi-wavelength solar radiometer at the tropical coastal station of Thumba, Thiruvananthapuram (Trivan-
drum) (8.55°N, 77°E) during the period November 1985 1o May 1991, are examined to study the association of
the seasonal variations in the optical depths and their association with the prevailing meteorological
conditions. A systematic seasonal variation has been observed, with the optical depths maximising in the
summer/pre-monsoon season and reaching a minimum in the winter season. Significant association has been
observed between the seasonal variations of aerosol spectral optical depths with those of the (on-shore)

surface wind speed and the rainfall. The implications of the findings are discussed.

Key words — Atmospheric aerosols, Rainfall, Wind, Convective activity, Boundary layer, Optical depth,
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1. Introduction

Atmospheric aerosol optical depth is a measure
of the extinction produced by the atmospheric
aerosols, present in the vertical column, to the
(solar) radiation passing through it. This is a
parameter of importance in atmospheric radiation
budgeting and in atmospheric corrections to the
satellite imageries (Kaufman er al 1990, Halthore er
al. 1992), as well as in the studies on physical pro-
perties of aerosols (King et al 1978) and their
association with meteorological parameters like
wind, rainfall and relative humidity (Peterson et al.
1981, Suzuki and Tsunogai 1988, Moorthy er al
1991). Ground-based solar spectral extinction
measurements using multi-wavelength radiometers
provide estimates of t, as a function of wavelength
(Shaw et al. 1973, Moorthy et al. 1989). The estima-
tion of T, (at multiple wavelengths) facilitates
deduction of the size distribution function by
numerical inversion techniques (Quenzel 1970,
King er al 1978, Moorthy et al 1991) and
columnar loading.

As the physical properties of atmospheric
aerosols (such as, size distribution, shape, refrac-
tive index and water activity) depict large
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variabilities spatially and temporally (due to the
variety of production, sustenance and loss
mechanisms) the aerosol spectral optical depths
also depict spatial and temporal changes. At any
location, the characteristics of aerosols are deter-
mined by a combination of all the above processes
(which could be both natural and anthropogenic)
relevant to the location. Due to the comparatively
short residence times and increased susceptibility
to natural and anthropogenic perturbations,
aerosols in the boundary layer and lower
troposphere exhibit more variability in their
characteristics. Thus, in a natural environment,
where the atmosphere is rather free from any
strong anthropogenic perturbations, the aerosol
characteristics would undergo changes associated
with changes in the atmospheric processes, such
as, winds (Peterson er al. 1981, Hoppel er al. 1990),
precipitation (Junge 1963, Flossmann er al. 1985),
convective activity (Pueschel et al 1972) and
atmospheric parameters, such as, relative humidity
and integrated water vapour content (Mohamed
and Frangi 1983, Garrison 1992). In a coastal loca-
tion, winds and their direction as to whether they
are on-shore or off-shore, also would be important
(Peterson et al 1981, Suzuki and Tsunogai 1988,
Moorthy et al 1991). All these would have their
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Fig. 1. Month-to-month variation of monthly total rainfall over
Thumba (average for last 20 years)

signatures on the aerosol optical depths and their
temporal variations.

In this paper, we present the results of a study on
the (systematic long-term) seasonal variations of
aerosol spectral optical depths and their association
with the seasonal changes in the surface winds and
rainfall at the tropical coastal station, Thumba,
Thiruvananthapuram (8.55°N, 77°E) situated at the
southwest coast of India. The station is far removed
from major industrial activities and represents a
natural coastal aerosol environment [Moorthy et
al. 1993(a)].

2. Data

The data, used for this study, comprise of colum-
nar aerosol optical depths (t;)) at nine narrow
wavelength bands centred at 400, 450, 500, 590, 700,
750, 800, 935, 1025 nm, obtained using a ground
based multi-wavelength solar radiometer (MWR),
for 228 clear days spread over the period November
1985 to May 1991. The details of the instrumenta-
tion and estimation of t,) (from the total optical
depth deduced by the Langley technique) using
climatological models ol neutral atmosphere, ozone
etc. are described elsewhere [Moorthy et al 1989,
1991, 1993 (a & b)] and hence are not repeated here.
The stability of the MWR system over the years has
been ensured by monitoring the Langley (zero-air-
mass) intercept, the variation of which about the
mean has been less than 2% at any wavelength.
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Fig. 2. Top panel : Seasonal variations of mean aerosol optical
depth at two representative wavelengths 450 nm and
750 nm

Middle panel : Variation of seasonal total reinfall.

Bottom panel : Variation of seasonal mean westerly wind
speed.

The vertical bars correspond to standard error.

Data on the prevailing meteorological para-
meters are obtained from the adjacent station.
These comprised of the surface wind (speed and
direction) data obtained at ~3 m above the ground
agd the daily total rainfall in mm, both for the
period November 1985 to May 1991. From the wind
data, the westerly wind speed has been computed.
For the coastal geometry of this station, westerly
wind corresponds to an on-shore wind (from sea to
land) and is taken as positive following the
meteorological convention. Besides these data, the
monthly averaged values of daily mean and maxi-
mum surface temperature, recorded at the station
have also been used.

3. Results and discussion
3.1. Seasonal variations

For examining seasonal variations of aerosol
optical depths, the data for each year has been
grouped into three distinctive seasons relevant for
this tropical (coastal) location. Due to the proximity
to the equator, sharp changes in climate are not
experienced here. Most of the meteorological




parameters do not undergo any significant
changes during an year except the rainfall
associated with the Asiatic monsoon (Rao 1976,
Das 1986). Hence in dividing the year into
different seasons, the monsoon is considered as
the prominent seasonal feature. The month-to-
month variation of monthly total rainfall (mm) for
Thumba averaged over a twenty year period is
shown in Fig. 1.

It can readily be seen from Fig. 1 that more
than 75% of the annual rainfall occurs during the
period June to November and these six months
together are considered as monsoon (M) season
for the present study. The months December to
February are considered as winter (W) season.
This season is characterised by scanty rainfall
(< 5% of the annual). The summer (S) season
(March to May) is characterised by moderate rain-
fall (~ 18%) of the annual, higher land tempera-
ture (typical maximum day time temperature lying
around 34-36°C) and dry surface conditions. The
rainfall during this season occurs mostly in the
afternoon hours, particularly in April-May
months, as brief spells and is a meso-scale
phenomenon associated with pre-monsoon sum-
mer rains.

Based on the above classifications, the in-
dividual day t,, values (at each wavelength A)
obtained in the months of March to May of a year
are classified under summer, those of June to
November under monsoon and those of December
alongwith January and February of the following
year under winter seasons of the year and
averaged to estimate the seasonal average optical
depths (t)) alongwith the standard deviation (o)
and standard error (g;). In the top panel of Fig. 2
are shown the seasonal variation of thé aerosol
optical depths from winter of 1985 (W85) to sum-
mer of 1991 (S91) at two representative
wavelengths; 450 nm and 750 nm. The variations
at the other wavelengths being similar to the ones
shown (Fig. 2) are not included in the figure. The
vertical bars over the points represent the standard
error g),. The main features of the seasonal
variations are the following :

(a) The aerosol optical depths, in any year,
attain the peak values in summer season,
(in 1989 and 1990, the peaks are not well
developed at longer wavelengths) and mi-
nimum in winter season (except in 1987).

(b) The summer peak in optical depths showa
decreasing trend from 1986 to 1990
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followed by an increase in 1991. On the
other hand, the monsoon and winter
optical depths do not exhibit any such
trend and remain more or less at a steady
level

In the middle and bottom panels of the Fig. 2
are shown the variations of seasonal total rainfall
(R) and the seasonal average westerly wind speed
(U) respectively, estimated from the surface
meteorological data (described in the earlier
section). It can be seen from the figure that strong
westerly winds (speeds ranging from 4 to 6 ms™!)
prevail during summer and monsoon seasons
while winter season is characterised by weak wes-
terlies. The rainfall is extensive (~850-1300 mm) in
the monsoon season, weak (200-400 mm) in sum-
mer and scanty (1040 mm) in winter.

Comparison of the seasonal variations of
aerosol optical depths with those of wind speed
and rainfall yields the following points :

The seasonal mean wind speed has an annual
minimum (~2 to 3ms!) in winter season, when t,
also, in general, attains its annual minimum. In
summer season, when t,) reaches its annual peak,
the rainfall is weak and the winds are strong. In
the monsoon season, when both wind and rainfall
are strong, t,) generally is low, tending towards the
winter minimum (exception to the general feature
is the minimum occurring in M87). These obser-
vations are indicative of association between the
seasonal variations of aerosol spectral optical
depth with those of wind speed and rainfall.

3.2. Correlation with wind speed and rainfall

With a view to examine these associations
quantitatively, we have estimated the correlation
coefficients py;, between seasonal mean aerosol
optical depths (t,;)) and the westerly wind speed
(U) and p3, between 1, and seasonal total rainfall
(R) for each wavelength for the entire data period
(spread over seventeen seasons). In Fig. 3 we have
plotted pj; and pj3 for the different MWR
wavel:ngths. The dashed line drawn parallel to the
abscissa represents the 90% significance level of
the coefficient (Fisher 1970). It may be noted that
even though the coefficients, generally, are below
the 90% significance level, the correlation is always
positive with U and negative with R This observa-
tion is. significant in the sense that, it indicates a
depletion in the average optical depths with
increase in rainfall and an enhancement in optical
depth with increase in wind speed.
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Fig. 3. The plot of the total correlation coefficients p;; and py;
against wave'ength. The dashed lines parallel to the
abscissa correspond to the 90% significance level of
the coefficient

The aerosol optical depth over any location
strongly depends on the columnar loading and the
size distribution of aerosols (Kaufman and Fraser
1981, Patterson and Gillete 1977) which in turn are
determined by the cumulative effects of various pro-
duction, removal and transport mechanisms of
aerosols. In the lower atmospheric region, the wind
and rainfall characteristics, as well as the surface
features and convective activity, all would influence
the aerosol properties. Aerosol optical depths/
turbidities have been observed to be strongly
influenced by the prevailing air-mass types (eg.
Mani et al. 1969, Peterson et al. 1981). At coastal
stations increased optical depths are observed
associated with marine air-masses, compared io
continental air-masses (e.g, Hoppel er al. 1990).

Extensive studies of marine aerosols (Peterson ef
al. 1981, Hoppel e al. 1990) have shown presence of
large aerosols (r > 0.5 ym) in the marine boundary
layer, abundance and the size spectrum of these
strongly depend on the wind speed and production
mechanisms involved (Junge 1963, Lovett 1978
Monahan er al. 1983, Andreas 1990, Hoppel & al
1990), Wind speeds exceeding 3 ms™' are found to be
conducive for formation of white caps over ocean
surface and lead to production of aerosols by break-
ing of bubbles and bubble jet action (Lovett 1978,
Monahan er al. 1983). During periods when the
winds are strong and are of a favourable direction
(on-shore) these marine acrosols are found to be
carried over to the coastal and inland locations and
produce characteristic signatures {(Kbemani et al
1984, Suzuki and Tsunogai 1988, Moorthy er al
1991). Being a coastal station, a significant marine
aerosol input would thus occur at Thiruvanan-
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Fig. 4. Same as Fig. 3, but for the partial correlations p)y
and 3

thapuram during the summer and monsoon
seasons when the on-shore winds are strong. This
input would be a minimum during winter season
when the wind speed U also shows the annual
minimum (Fig. 2).

The main removal mechanisms of aerosols are
sedimentation, impaction scavenging and rainout/
washout effects of precipitation (Prospero et al
1983. Jaenicke 1984). In the troposphere, where
90% of the aerosols exist, wet removal (due to
rainout and washout) form the chief depletion
mechanism of aerosols (Jaenicke 1984, Flossmann
et al. 1985). The wet removal is found to be linearly
correlated with the rainfall (Hicks 1977). Theoreti-
-al and modelling studies have shown that num-
her concentration of aerosols is reduced by 48% to
94% through wet removal processes, the reduction
being more for the large particles (r > 0.1 um)
(Flossmann et al. 1985). Reduction in atmospherjc
turbidity associated with rainfall has also been
reported by others (Chacko and Desikan 1967,
Mani e al. 1969, Joseph and Manes 1977). From in
situ measurements of altitude profiles of aerosols
2t Thumba using rockets Jayaraman and Sub-
haraya (1993) have reported significant depletion
in aerosol loading and change in particle charac-
terisiics associated with the monsoon.

The above considerations basically explain the
nature of the observed association of aerosol spec-
tral optical depths with westerly wind speed and
rainfall, being positively associated with the for-
mer and negatively with the latter. However, the
coefficients are not quite significant when the total
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Figs. 5(a &b). (a) Seasonal variation of mean surface RH
(averaged for the MWR observation period)
for Thumba, (b) The partial correlation
coefficients py,,; between RH and 1, after
removing the association with wind and rain-
fall. The horizontal dashed line represents the
90% significance level of the correlation
coefficients

correlations are considered. Moreover, as can be
seen from Fig. 2, the annual minimum tp, occurs
mostly in winter season, whereas the peak in rain-
fall occurs in monsoon season, in fact R is
minimum in winter. During monsoon both rain-
fall and wind speed are high and in winter both
are low, thereby indicating a good association bet-
ween the two.

An estimate of the direct correlation between
these two parameters (I/ and R), using the data for
the seventeen seasons considered in this study,
yields a coefficient p,; = 044 which is quite
significant (> 90% level). In view of this significant
positive correlation between U and R and the
opposite nature of their association with t,, (U
having a positive correlation and R negative) it is
essential to remove the effect of the other
parameter on t, when its association with one
parameter is being investigated. This is accom-
plished by estimating the partial correlation co-
efficients p,, 3 (between t,, and U, eliminating the
effect of R) and p;;, (between t,, and R elimi-
nating the efffect of U)) following the standard
statistical methods (Fisher 1970). These coeffi-
cients are plotted in Fig 4 for the different
wavelengths alongwith the 90% significance levels
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Fig. 6. Month-to-month variations of mean thermal plume
height, mean daily-mean temperature and mean
maximum temperature for Thumba

for the partial correlations. A dramatic increase in
the correlation is evident from Fig. 4 with most of
the coefficients lying above the 90% sighificance
level for py, 3 and p,3, (except p,;, at 750, 800 and
935 nm where they are slightly below 90% level).
This clearly brings out the role of wind as a
generation mechanism of aerosols (leading to
enhancement in tj) and rainfall as a removal
mechanism (leading to depletion in tp).

However, it should be noted that the aerosol
optical depths obtained by using the MWR corres-
pond to the integrated columnar atmosphere while
the various processes discussed above are impor-
tant only in certain atmospheric regions. The rain-
fall, associated with the monsoon, would cause wet
removal in the entire troposphere (e.g.. Jayaraman
and Subbaraya 1993) while the effects of winds for
aerosol production would be more significant in
the boundary layer and lower troposphere. The
abundange and size spectrum of the wind
generated aerosols would strongly depend on the
wind speed (Lovett 1978) while the wet removal is
significant to large and giant aerosols (Flossmann
et al. 1985). This would lead to distinct spectral
variations in aerosol optical depths which are
reflected in partial correlations also.

In addition to the above discussed mecha-
nisms, other processes, such as, mechanical pro-
cesses of the action of wind on land surface,
changes in the convective activity (in the terrestrial
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boundary layer), the changes in the ambient rela-
tive humidity (RH) and the rate of photochemical
reactions leading to gas-to-particle conversion are
also important in producing seasonal changes in
aerosol optical depths (Pueschel er al 1972,
Meszaros 1981). Changes in the precipitable water
vapour content in the atmosphere is known to
cause associated changes in optical depths and
turbidities (Mani et al. 1969, Mohamed and Frangi
1983, Garrison 1992). Seasonal variations of
average surface RH for Thumba for the MWR
observation period [shown in Fig. 5(a)] reveals
fairly high values of RH (> 60%) throughout the
year, as would be expected for a coastal environ-
ment, with a sharp peak during monsoon season.
However, as revealed in Fig. 5 (b), the correlations
with t,, are poor as indicated by the partial cor-
relation coefficients between the two (p,453) after
removing the association with wind and
rainfall.

Height of the thermal plume echoes detected by
ground based sodar is an index of the strength of the
convective activity taking place in the boundary
layer which is an effective means of causing vertical
mixing of aerosols. Strong convection would be able
to sustain more number of large and giant aerosols,
well mixed, for longer duration of time. Studies of
the annual variation of the thermal plume heights
at Thiruvananthapuram (Kunhikrishnan e al
1990) have shown higher values for the plume
height during March to May with peak in April
followed by a broad minimum during June to Sep-
tember months. In Fig. 6 we have plotted the varia-
tion of monthly mean values of (a) thermal plume
height, (b) the daily mean temperature and (c) maxi-
mum temperature along with the standard errors,
for Thumba. It can be seen that the strong convec-
tive activity would prevail during summer season
when all the three parameters show high values
while during monsoon season the convective
activity is quite small. The high land temperature,
weak rainfall and strong surface winds in summer
are conducive for aerosol generation by the action
of wind on dry land surface which are then readily
mixed by the convective activity. There is a decrease
in the mean surface temperature of about 5° to 7°C
and of about 5.5°C in the maximum temperature
from summer to monsoon season. The thermal
plume height also decreases considerably, indica-
ting the decrease of convective activity. The land is
wet and not conducive for mechanical production,
even though winds continue strong. These processes
would result in the observed enhancement in T,
during summer and depletion during monsoon
season.

The winter season is characterised by a low in
the rainfall and wind speed; the prevailing winds
are off-shore (Rao 1976) except for the day time
sea breeze in the coastal boundary layer. This sea
breeze, though adds a westerly (on-shore) compo-
nent to the prevailing winds (Narayanan 1967), the
speeds are quite small (Fig. 2). The ground, left
considerably wet by the monsoon that has pre-
ceded, is not conducive for mechanical aerosol
generation. The photochemical processes leading
to gas-to-particle conversion reactions also would
be weak in winter (Meszaros 1981). Thus the
seasonal production processes being weak and a
substantial wet removal already taken place, the
optical depths, generally, are representative of the
background conditions. Viewed in this perspective,
it is quite interesting to note that in all the six win-
ter seasons considered in this study, the back-
ground aerosol optical depths remain at about the
same value, irrespective of the peak values
attained in the preceding or succeeding summer.
As the location, Thumba, is quite free from any
major industrial activity leading to exhausts
favourable for aerosol generation and is not
urbanized, this observation is significant that in
this tropical coastal region over the years the back-
ground aerosol level appears to remain almost
steady; superposed with systematic seasonal
variations associated with the prevailing meteoro-
logical processes. However, the reasons for the
gradual decreasing trend in the summer optical
depths from 1986 to 1990 and the subsequent
increase in 1991 are not understood at present

Acknowledgements

The raw data on the surface meteorological
parameters used in this study have been provided
by the MET facility of TERLS, Thumba for which
the authors are thankful to Dr. V. Narayanan,
Head and other scientists of the MET facility. The
authors also acknowledge the useful discussions
with Dr. BV, Krishna Moorthy, Director, SPL,
during the course of this work.

References

Andreas, E. L., 1990, “Time constants for the evolution of sea-
spray droplets”, Tellus 42B, 481-497.

Chacko, O. and Desikan, D., 1967, “Atmospheric turbidity
measurements over India”, Indian J Met. Geophys., 16,
649-660.

Das, P. K, 1986, Monsoons, WMQO No. 613, World Meteoro-
logical Organisation.

Fisher, R. A, 1970, Statistical methods for research workers,
Oliver and Boyd, Edinburgh.




(i

AEROSOL OPTICAL DEPTHS & SURFACE MET. CONDITIONS 433

Flossmann, A L, Hall, W. D. and Pruppacher, H. R, 1985, “A
theoretical study of the wet removal of atmospheric
pollutants, Part I: The redistribution of aerosol particles
captured through nucleation and impaction scavenging”,
J. Atmos. Sci, 42, 583-606.

Garrison, T. D., 1992, “Estimation of atmospheric precipitable
water over Australia for application to the division of
solar radiation into its direct and diffuse components”,
Solar Energy, 48, 89-96.

Halthore, R. N., Markham, B. L, Ferrare, R A and Aro, T. O,
1992, “Aerosol optical properties over the mid-
continental United States”, J Geophys. Res, 97, 18765-
18778.

Hicks, B. B., 1977, “An evaluation of precipitation scavenging
rates of background aerosol”, J. Appl. Met, 17, 161-
165.

Hoppel, W. A, Fitzgerald, J. W,, Frick, G. M. Larson, R. E. and
Mack, E. J., 1990, “Aerosol size distributions and optical
properties found in the marine boundary layer over the
Atlantic Ocean”, J Geophys Res, 95, 3659-3686.

Jaenicke, R., 1984, Aerosols and their climatic effects, A Deepak
Publishing. Virginia, USA.

Jayaraman, A, and Subbaraya, B. H, 1993, “/n siru measure-
ments of aerosol extinction profiles and their spectral
dependencies at tropospheric levels”, Tellus 45B, 473-
478.

Joseph, J. H. and Manes, A, 1977, “Secular and seasonal
variations of atmospheric turbidity at Jerusalem”, J. Appi.
Met, 10, 453-462.

hunge, C. E., 1963, Air chemistry and radio activity, Academic
Press, New York

Kaufman, Y. S, anmd Fraser, R. S, 1981, “Light extinction by
aerosols during summer air pollution”, J. Clim. Appl.
Mer, 22 1694-1725.

Kaufman, Y. J, Fraser, R. S. and Ferrare, R. A, 1990, “Satellite
measurements of large-scale air pollution: methods”, J.
Geophys. Res, 90, 9895-9909.

Khemani, L. T, Momin, G. A, Naik, M. S, Vijayakumar, R
and Ramana Murthy, Bh. V., 1984, “Chemical composi-
tion and size distribution of atmospheric aerosols over
the Deccan Plateau, India”, Tellus 34B, 151-158.

King. M. D, Byrne, D. M., Herman, B. M. and Reagan, J. A,
1978, “Aerosol size distributions obtained by inversion of
spectral optical depth measurements”, J. Armos. Sei, 3s,
2153-2167.

Kunhikrishnan, P. K., Narayanan Nair, K., Sen Gupta, K,
Ramachandran, Radhika and Winston Jeeva Prakash, J,
1990, “Sodar echo patterns and study of thermal picmes
over Thumba”, Mausam, 47, 583-588.

Lovett, R. F., 1978, “Quantitative measurement of air borne sea-
salt in the North Atlantic”, Teflus 30B, 358-363.

Mani, A, Chacko, O. and Hariharan, S, 1969, “A study of
Angstrom’s turbidity parameters from solar radiation
measurements in India”, 21, 829-843.

Meszaros, E., 1981, Atmospheric chemistry fundamental
aspects, Elsevier, Amsterdam.

Mohamed, A. B. and Frangi, J. P, 1983, “Humidity and tur
bidity parameters in Sahel: A case study for Niamey
(Niger)”, J. Clim. Appl. Met, 22, 1820-1823.

Moorthy, K. K, Krishna Murthy, B. V. and Prabha R. Nair,
1993 (a), “Sea-breeze front effects on boundary layer
acrosols at a tropical station”, J Appl Mer, 32,
1196-1205.

Moorthy, K. K, Prabha R. Nair and Krishna Murthy, B. V,
1989, “Multiwavelength solar radiometer network and
features of aerosol spectral optical depth at Trivandrum”,
Indian J. Radio & Space Phys, 18, 194-201.

Moorthy, K. K, Prabha R Nair and Krishna Murthy, B. V,
1991, “Size distribution of coastal aerosols: Effects of
local sources and sinks”, J Appl Mer, 30, 844-852.

Moorthy, K K, Prabha R Nair, Prasad, B. S. N, Murali-
krishnan, N, Gayathri, H. B, Narashimha Murthy, B,
Niranjan, K., Ramesh Babu, V., Satyanarayana, G. V,
Agashe, V. V,, Aher, G. R, Risal Singh and Srivastava, B.
N., 1993 (b), “Results from the MWR network of IMAP”,
Indian J. Radio & Space Phys, 22, 243-258.

Monahan, E. C, Fariall, C. W, Davidson, K. L. and Boyle, P. J.,
1983, "Observed interactions between 10 m winds, ocean
white caps and marine aerosols”, Quart. J R Met. Soc.
109, 379-392.

Narayanan, V., 1967, “An observational study of the sea broeze
at an equatorial coastal station”, Indian J Met. Geophys,
18, 497-504.

Patterson, E. M. and Gillete, D. A, 1977, “Commonalities in
measured size distribution for aerosols having a soil-
derived component”, J Geophys. Res, 82, 2074-208).

Peterson, J. T, Flowers, E. C., Berri, C. J, Reynolds, C. L. and
Rudisill, J. H,, 1981, “Atmospheric turbidity over central
North Carolina”, J Appl Met, 20, 229-24].

Prospero, J. M., Charlson, R. J, Mohnen, V, Jaenicke, R,
Delany, A. C, Mayer, J., Zoller, W. and Rahn, K., 1983,
“Atmospheric aerosol system—an overview”,  Rev.
Geophys. Space Phys, 21, 1607-1629.

Pueschel, R. F., Machta, L, Cotton, F. G., Flower, E. C. and
Peterson, J. T, 1972, “Normal Incidence Radiation
Trends on Mauna Loa, Hawaii”, Namure 240, 545-
547.

Quenzel, H, 1970, “Determination of size distribution of
atmospheric acrosol particles from spectral solar radia-
tion”, J. Geophys Res. 7S, 2915-2921.

Rao, Y. P, IW&Suum“anmn,Mq.Momn.Symp.
Met. No. 1/1976, IMD, New Delhi.




434

PRABHA R. NAIR AND K. KRISHNA MOORTHY

Shaw, G. E, Reagan, J. A and Herman, B. M., 1973, “Inves-

tigations of atmospheric extinction using direct solar
radiation measurements made with a multiple wavelength
radiometer”, J. Appl. Mer.. 12, 374-380.

Suzuki, T, and Tsunogai, S., 1988, “Daily variation of aerosols
of marine and continental origin in the surface air over a
small island. Okushin in the Japan sea”, Tellus, 40,
42-49




