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Comprehensive investigations during the last decade
have clearly established that aerosols have a signifi-
cant impact on the climate. No serious attempts were
made to characterize the aerosols over the Bay of
Bengal, despite its role in the regional climate sys
tem. This paper reports the results of the measure-
ments of aerosol spectral optical depths made over
the Bay of Bengal and compares them with those
made over the equatorial Indian Ocean and the Ara-
bian Sea, on-board the oceanographic ressarch ves
sel, Sagar Kanya during its cruise #161-B in March
2001. The aerosol optical depth was found to
decrease with digance from the coast with an expo-
nential scale distance of ~1000km for visble wave-
lengths  and ~1600km for near infra-red
wavelengths, A dgnificant dominance of small parti-
ce concentration near the coast is observed both
over the Arabian Sea and the Bay of Bengal. The
mean aerosol optical depth was higher over the Bay
of Bengal compared to the Arabian Sea, at the
shorter wavelengths. Over the equatorial Indian
Ocean regions, aerosol optical depths were much
lower compared to the Arabian Sea and the Bay of
Benga and showed lessr wavelength dependence.
The rdative dominance of small particles is more
over the Bay of Bengal compared to the Arabian Sea
Back-trajectory analyss shows that during the
cruise period, the Arabian Sea was mainly influ-
enced by air masses from the countries lying north-
west of India, the Bay of Bengal by air masses from
the eas coast of India and the equatorial Indian
Ocean modly by the west coast and central India
The observed features are compared with long-term
climatology of aerosol optical depth observations
from the eat and west coas of India and an idand
gation in the Arabian Sea.

IN recent years, there has been a substantial increase in
interest in the influence of aerosols on the climate,
through both direct and indirect effects"?. Many inves-
tigators have observed that the aerosol negative forcing
downwind of major source regions exceeds the positive
forcing due to greenhouse gases’. Aerosols alter the
magnitude of solar radiation through both scattering and
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absorption, also caled the drrect effect. They also en-
hance the cloud albedo by acting as cloud condensation
nuclei and thereby producing an indirect effect on radia-
tion.

Aerosols are of natural and anthropogenic origin. On
a global scale, the natural sources of aerosols are three
to four times larger than the anthropogenic ones, but
regionally this factor can change significantly*®.
Downwind of major source regions, anthropogenic
sources can be as much a factor of three to five times
larger compared to natural sources’. Although making
up only one part in a billion of the mass of the atmos-
phere, aerosols have the potential to significantly influ-
ence the climate. The global impact of aerosol is
assessed as the change imposed on planetary radiation
measured in W n2, which alters the global temperature.
Estimation of aerosol radiative forcing is more uncer-
tain than the radiative forcing due to well-mixed green-
house gases, because of their short lifetimes and the
highly inhomogeneous spatial distribution. A descrip-
tion of aerosol forcing with comparable accuracies as
that of greenhouse gas forcing requires a better under-
standing of the aerosol size distribution, chemical com-
position, vertical distribution and an incorporation of
these relevant properties accurately in radiative transfer
models. The current estimate® of the globally averaged
aerosol radiative forcing is about —3W m?, which is
comparable with the greenhouse forcing of about
+28W m?. This may not hold well on a regional
scale, especialy for regions downwind of major source
regions. Aerosol forcing can be even positive in cases
where absorbing aerosols are present in sufficient
amounts’. Although the aerosols have potential climate
importance they are poorly characterized in climate
models because of the lack of comprehensive database.
The international efforts to better understand aerosols
include Aerosol Characterization Experiment (ACE-1
and ACE-2)'%' Smoke, Clouds, Aerosols, Radiation—
Brazil (SCAR-B)°, Tropospheric Aerosol Radiative
Forcing Observationa Experiment (TARFOX)'? and the
recently  concluded Indian ~ Ocean  Experiment
(INDOEX). The INDOEX was a massive international
effort to gather data on aerosols over the tropical Indian
Ocean, a data-void region’. In India, extensive aerosol
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studies are being pursued under the Aerosol Climatol-
ogy and Effects (ACE) Project of ISRO/DOS
Geosphere Biosphere Programme (GBP), aming at
evolving empirica models of the optical and physical
properties of atmospheric aerosols over distinct envi-
ronments over India™>°,

Comprehensive  observations  conducted  during
INDOEX and ACE (ISRO-GBP) have resulted in a rea
sonably good amount of information on aerosols over
the Indian subcontinent, the Indian Ocean and the Ara
bian Sea. The results from the above experiments dem-
onstrated clearly the importance of aerosols on the
radiation budget and climate. What about the Bay of
Bengal? None of these experiments have made meas-
urements over the Bay of Bengal. In fact the aerosol
optical depth measurements over the Bay of Bengal are
few or \wirtually non-exdgent. Nevertheless, investiga
tions have shown that the Indian monsoon depends on
the Bay of Bengal heat budget'®. A good part of the
rainfall associated with the Indian monsoon is generated
by the westward-moving depressions or low-pressure
systems in the Bay of Bengall’. Despite the important
role played by the Bay of Bengal region on the Indian
climate and monsoon, no serious observational efforts
have been made to make measurements in this region;
notwithstanding the understanding of aerosol impact on
radiative forcing.

In this paper we present the features of aerosol spec-
tral optical depths (t,) estimated over the Bay of Bengal
and compare them with similar features over the tropi-
cal Indian Ocean and the Arabian Sea. Spectral optical
depths are used to infer about the size distribution of
aerosols. The results are examined in the light of earlier
available knowledge from the ACE (ISRO-GBP) and
INDOEX and the implications are discussed.

Instrument and data

Aerosol optical depths

The investigations have been carried out on-board the
Oceanographic Research Vessel Sagar Kanya during its
cruise #161-B, which was mainly meant for the valida-
tion of the Indian Remote Sensing Satellite, IRS-P4.
The instrument used for measuring aerosol spectral op-
tical depths was a multi-spectral hand-held solar radi-
ometer (manufactured by EKO, Japan), which makes
measurements at four wavelengths centred at 368, 500,
675 and 778 nm, selected using narrow-band interfer-
ence filters with band width (full width at half maxi-
mum) between 5 and 6 nm (Table 1). The band-selected
radiation, after passing through the field-limited optics,
is detected using a photodiode. The field of view of the
optics is 2.4°. A ‘peak hold’ facility in the instrument
helps to lock to the peak output, thereby enabling meas-
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urements from moving and unstable platforms like the
ship deck; even under fairly rough sea conditions. The
output of the EKO radiometer (obtained as a function of
time) has been analysed following the Langley plot
method to estimate the total optical depth of the atmos-
pheric column from which aerosol optical depths (de-
fined as the aerosol extinction coefficient integrated
over a vertical column of unit cross-section denoted by
t,) are retrieved using atmospheric models. The details
of this standard technique are well documented™®® and
its application to EKO sun photometer data is discussed
elsewhere’®. A detailed error analysis, considering in-
strumental and model uncertainties has shown the typi-
cal error on the estimate of t, in the range 0.009 to
0.011 at different wavel engths?°.

A typica Langley plot obtained for the data on 20
March 2001 (Arabian Sea) is shown in the Figure 1.
This method was mainly adopted to eliminate errors due
to the deviations or changes in calibration constants of
the instrument with time. However, the aerosol optical
depths estimated using EKO photometer were compared
side by side with measurements with a new calibrated
Microtops-Il sun photometer (manufactured by Solar
Light, Inc., USA) a Bangaore (immediately after the
Ccruise).

Table1l. Specifications of photometer filters

Band width
Instrument Wavelength (nm) (FWHM) (nm)
EKO photometer 368+ 2 5-6
500 £ 2 5-6
675+ 2 5-6
778+ 2 5-6
Microtops-11 photometer 340+0.3 2
380+04 4
500+ 15 10
675+ 15 10
875+15 10

20 March, 2001
1.5 - x=05 pm
slope = -0.39; intercept = -1.095
-2
°
2 25
1=
|
-3
-3.5
-4 ‘ T ‘ ‘ ‘
0 1 2 3 4 5 6 7

Relative airmass

Figure 1. Typical Langley plot obtained for the data on 20 March
2001.
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Microtops-ll is a 5-channel hand-held sun photometer
for measuring the aerosol optical depth from individual
measurements of direct solar flux, using a set of internal
calibration constants. Direct solar radiation at 5 discrete
wavelengths is measured. A Global Positioning System
(GPS) receiver attached with the photometer provided
information on the location, altitude and pressure. The
wavelengths are centred about 340, 380, 500, 675 and
875nm, with a full width half maximum band width of
2 to 10nm at different wavelengths (Table 1). The field
of view of the Microtops radiometer is 2.5°. A compari-
son of aerosol optical depths from the two instruments
has shown a mean difference of ~0.09 in aerosol opti-
cal depth, at the common wavelength of 500 nm.

The ORV Sagar Kanya sailed-off from Chennai on 2
March 2001 and after cruising the Bay of Bengal, the
Indian Ocean around the peninsula and the Arabian Sea,
reached Goa on 22 March 2001. The cruise track is
shown in Figure 2, with circles denoting the position of
the ship on the date shown beside. The filled circles
correspond to days when spectral optical depths were
estimated. Accordingly, aerosol optical depth data were
obtained on 18 days. Based on geography and proximity
to land, the cruise track is divided into three major sec-
tors as the Bay of Benga (Sector-I; 2 to 7 March; 6
days of data), the tropical Indian Ocean (Sector-Il; 8 to
15 March; 5 days of data) and the coastal Arabian Sea
(Sector-I11; 16 to 22 March; 7 days of data). The fewer
number of days of data over the Indian Ocean is mainly
due to the adverse sky conditions during that part of the
cruise, close to the equator.

In addition, continuous spectral optical depths were
measured using a 10-channel multi-wavelength radio-
meter (MWR)'® at the coastal location Trivandrum
(TVM in Figure 2) on al clear days and these data have
also been used in this study.

Meteorology

The general synoptic meteorological features over the
study area correspond to the transition from the north-
ern winter to spring. The synoptic meteorological condi-
tions during the cruise period were quite similar to
those known to prevail over the oceanic regions adja
cent to the Indian subcontinent during March'’. During
this period, the synoptic scale winds experienced over
this region are mostly low-speed northerlies or north-
easterlies; directed from the continental land mass over
to the ocean and are associated with the Indian winter
monsoon. Rainfall is scanty and the oceanic regions
around the peninsula are generally free from any major
weather phenomena. The winds gradually start shifting
to south-westerlies during April/May, associated with
the south-west or summer monsoons. During the present
study also there were no major weather systems, except
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some weak disturbance south of the equator (when the
ship was cruising near the equator). The sky conditions
were generaly clear and cloud-free for many days. On
some days frequent cloud patches were encountered and
only few observations were possible. The surface mete-
orological data (mean wind speed, wind direction, air
temperature, relative humidity (RH) and pressure) were
obtained at 5min interval on-board the ship, along with
its location in latitude and longitude. All these show
features in general conformity with climatologically
expected pattern. However, we examine the surface
wind fields, as they have the potential to transport aero-
sols from continent to ocean and vice versa, besides
contributing to local production of sea-spray aerosols.
In Figure 3, the mean wind vectors are plotted along the
cruisetrack. Each vector isan average for a6 h period.

In sector-1 (Bay of Bengal) rather strong north-
westerly winds prevailed, directed from the east coast of
India from Chennai to Visakhapatnam. The high-speed
winds facilitate rapid transport of nascent continental
aerosols to the oceanic regions. It may be borne in mind
that the east coast of India is largely industrialized and
these winds will carry effluents aso along with them.
Formation of new sub-micron aerosols is likely to occur
over the oceanic environment (which provides ample
RH) through secondary (gas-to-particle) production
processes and these aerosols will grow by taking water
from the ambient oceanic air, which is richer in humid-
ity. The winds become calmer as the ship sails down
and then pick up speed in open ocean regions (tropical
Indian Ocean; Sector-1l). However the winds reaching
here can be back-tracked to farther continental regions,
i.e. the winds reaching here have a longer seatravel.
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Figure 2. Cruisetrack of Sagar Kanya, cruise # 161-B.
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Or in other words, these air masses are not highly influ-
enced by the adjacent continents, as has been the case in
Sector-I. Cam easterly winds are encountered in Sec-
tor-1l1 (Arabian Sea) till the ship approaches coastal
regions of the peninsula. Regions north of ~8°N experi-
ence winds of higher magnitude and coming from vari-
ous directions, N-W regions of Indian continent,
northwest of India, Pakistan and the Gulf countries and
aso small westerly components traceable backward to
northeast regions of Africa. These changing wind pat-
terns will provide corresponding signature in aerosol
characteristics, as can be seen in | ater sections.

Trajectories

In addition to the direct surface winds, the air trajecto-
ries also assume importance in transport of aerosols and
pollutants’®?*?. To examine this we have estimated
seven-day back-trajectories. The back-trgjectories trace
the history of air parcels, which influenced the aerosol
characteristics at the location of observation, back in
time. These were obtained from the Hysplit (Hybrid
Single-Particle Lagrangian Integrated Trajectory) model
of National Oceanographic and Atmospheric Admini-
stration (NOAA). The Hysplit model is the newest ver-
sion of a complete system for computing simple air-
parcel trajectories. Hysplit is a very useful tool to com-
pute the simple forward or backward trgjectories. The
National Centre for Environmental Prediction (NCEP)
runs a series of computer analyses and forecasts, opera-
tionally and NOAA’s Air Resources Laboratory (ARL)
routinely uses NCEP model data for use in air quality
transport and dispersion modelling calculations. Typical
trgjectory plots are given in Figure 4a, b and ¢, when
the ship was cruising over the Bay of Bengal, the Indian
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Figure 3. Mean wind vectors plotted along the cruise track.
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Table2. Origin of surface air masses encountered during the experiment

Date

March 2001  Sector Latitude (°) Longitude (°) Air mass

02 | 131 81.5 Oceanic; Bay of Bengal

03 | 13.8 83.75 Oceanic; Bay of Bengal

04 | 15.9 84.95 East coast of India

05 | 131 86.08 East coast of India

06 | 10.8 86.0 East coast of India

07 | 7.75 85.45 Northeast India; Bangladesh
08 1 4.8 84.25 Central India; Bangladesh

09 1 24 82.2 East coast of India; Bangladesh
10 1 0.1 80.08 Sri Lanka; southern India

11 Il 0.8 77.1 Bay of Bengal

12 Il -2.0 75.0 Bay of Bengal

13 1 -0.8 72.17 West coast of India

14 1 2.14 715 Arabian Sea; northwest India
15 11 5.15 70.99 Arabian Sea

16 11 8.38 70.95 Arabian Sea

17 11 10.5 70.95 Arabian Sea

18 11 10.65 72.65 Northwest India; Arab countries
19 11 12.66 71.09 Northwest India; Arab countries
20 11 15.8 71.0 Arabian Sea

21 11 15.0 72.0 Arabian Sea

22 11 145 73.0 Arab countries

Ocean and the Arabian Sea, respectively. The traecto-
ries show that the Bay of Bengal is mostly influenced by
the air masses from the central and east coast. The north-
ern Indian Ocean (Sector-1I) was aso mostly influenced
(at least during the cruise period) by the same air masses,
which originated from the east coast of India, but had a
much longer sea-travel. The Arabian Sea (Sector-I1l) on
the other hand, was influenced by air masses originating
from the regions northwest of the Indian continent. On
some occasions air mass from the Indian region aso
passed over the Arabian Sea. A detailed day-by-day
back-trajectory analysis is given in Table 2. The genera
features of the trgjectories are similar to those of the sur-
face winds shown in Figure 3, suggesting a rather stable
meteorol ogical condition during the cruise.

Results and discussion

Spatial gradients

The temporal variations of aerosol optical depth, t,, at
three wavelengths (near UV, visible and near IR) are
shown in Figure 5. On examining aong with the cruise
track in Figure 2, the three sectors are clearly discern-
able with distinct optical depths characteristics. High
optical depths are encountered at both the UV and visi-
ble wavelength (368 and 500 nm) in both Sector-l and
Sector-Ill, while the tropical Indian Ocean (Sector-II)
shows distinctly lower values. It can also be noticed that
there is, in general, a decrease in t, with distance from
the coast. A decrease in t, a the visible wavelengths
from about 0.6 to 0.2 and near IR wavelengths from 0.3
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to 0.2 was observed from Sector-l to Sector-Il. If we
assume an exponential decrease in t, with distance es-
timated aong the mean wind direction following the
previous investigations?®, the scale distance for visible
wavelength aerosol optical depth is about 1000 km and
for near IR aerosol optical depth is about 1600 km. This
is because the decrease is more significant at shorter
wavelengths (due to reduced source impacts), while at
the longer wavelengths the decrease is not very signifi-
cant, as local production of sea-spray aerosols by the
strong surface winds partly replenishes the loss?®. In
this estimation, the measurements over the Arabian Sea
are not included since as the trajectories show, their
origin is not mostly from the nearest continent (India),
but from other locations al so.

The spatial variation of aerosol optical depths over
the Arabian Sea and the Indian Ocean has been studied
in the past'®?, when the synoptic scale winds were
from the Indian subcontinent. A scale digance in the
range ~ 1700 to 2400km at different wavelengths was
reported. During subsequent investigations in 1998 and
1999, the scale digance was found to be ~1200km
(ref. 24) and especially shorter scale distance was en-
countered when near-coastal optical depths were higher.
Over the Bay of Bengal, a smaller value for the scale
distance is indicated. This means that either the resi-
dence time of the aerosols found over the Bay of Bengal
is less compared to that over the Arabian Sea or the
near-coastal optical depths are higher. Another possibil-
ity is that the transport mechanism may not be as effi-
cient over the Bay of Bengal as over the Arabian Sea.
Moreover the present cruise was confined more to
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tropical locations, whereas the INDOEX cruises reached
farther oceanic regions.

Size distribution

It is well known that aerosol spectral optical depths
contain information pertaining to their size distribution.
Following the inverse power law representation of the
spectral variation of aerosol optical depth of Ang-
strom?®,

t, = bg?, @

where a is the wavelength exponent, b is the turbidity
parameter (Angstrom coefficient) and | is the wave
length in mnm. The value of a depends on the ratio of the
concentration of large to small aerosols and brepresents
the total aerosol loading in the atmosphere'®. For the
case where the aerosol number size distribution follows
the inverse power law form

n(r) = nor?, @)

where n(r) is the number concentration of aerosols in an
infinitesimal radius dr centred at r, ny(r) is a constant
depending on the total aerosol concentration and gis the
power-law index, a and g are related through the ex-
pression

g=a+3. 3

Higher values of a thus indicate a sharper aerosol size
spectrum, more dominated by smaller aerosols. The
values of a and b are obtained by linear least square
fitting of ty —1 estimates on a log-log scale. For this,
we have used sector mean values of ty . These are ob-
tained by averaging the individual mean values of ty
falling within each sector considered in this study.

Evolving a least sguare fit of these ty —1 values to
eg. (1), a and b are estimated separately for each of the
three sectors (Figure 6a and b). Relatively higher

09

[ | &
§ o7 | R
0.6
a5 1
0.4 e 3
o
g o3 ° o 1
402 e o ®oa

-

0.1 4 o

P I

26-Feb

® 353 nm o 500 nem & T7E nm

Optical De

A0-Mar 15-Mar
Date in 2001
Figure 5. Temporal variations of aerosol optical depth at three

wavelengths (near UV, visible and near IR).

a-Mar 20-M4ar 253-Mar

1622

1.4

0.8

0.8

0.4
0.2

Bay of Bangal Irecian Ooean Arabean Sea

0.3

0.25

na2

e 0.15

0.1

0.05

Hay of Bangal Indian Ocean Arabian Sea

Figure 6. Mean values of (a), & and (b) b, separately, for each of
the three sectors.

0.45

—e— Coastal --=--Ogean

Aerosol Optical Depth
(=1 (=]
ba = i =
0 [ o -

=
—
&n

0.1 —
0.3 0.4 0.5 0.5 o7 0.8

Wavalength {um)

Figure 7. Spectral variation of aerosol optical depth averaged over
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dominance of small particles is observed both over the
Bay of Bengal and the Arabian Sea sectors compared to
the Indian Ocean sector, as indicated by the higher val-
ues of a The value of a over the Indian Ocean sector is
less than half the value over the Bay of Bengd. Exam
ining this with the optical depth values shown in Figure
5, it is evident that this decrease in a over the Indian
Ocean is caused more by the rapid decrease in aerosol
optical depth at the shorter wavelengths than at longer
wavelengths, where t, remains more or less around the
same value. This indicates that the fine sub-micron
aerosols contributing to t, at shorter wavelengths are
more of continental origin and dominate over the oce-
anic regions of the east and west coast. But as we move
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further away, their concentration decreases due to re-
duced impact of the sources, as there are no significant
sources of these fine aerosols over the ocean. On the
other hand, a major share of large super-micron aerosols
is produced rather locally over the ocean surface by sea-
spray?® and hence their abundance does not decrease as
rapidly (as also seen from the higher value of scale dis-
tance). Consequently, the size spectrum broadens and a
decreases. A nearly flat optical depth spectrum is typi-
cal to pristine ocean environments, as has been shown
during the INDOEX studies™*°. This is further corrobo-
rated by the almost similar values for b over al the
three sectors (Figure 6b). As b is more sensitive to su-
per-micron aerosols, the above observation indicates
that the concentration of larger particles does not show
significant spatial variations. However, there is a sig-
nificant enhancement in the concentration of sub-
micron aerosols in the near-coastal regions and the de-
crease as the ship moves away from the coast is sharp.
Further, it is also seen that the value of ais higher over
the Bay of Bengal than over the Arabian Sea.

The size distribution of aerosols over the Arabian Sea
and the Indian Ocean has been studied in detail by
Moorthy e al.?®. Also in a simple way (using the Ang-
strom parameters), the size characteristics over the Ara
bian Sea are reported in Satheesh and Moorthy®°. The
value of a reported by them for the Arabian Sea ranges
from 1.2 for near-coastal regions to 0.6 in remote oce-
anic regions. In the present study, the value of a for
near-coastal regions of the Arabian Sea is about 1.2 and
is consistent with the above findings.

— e Minicoy o
0.8

As the cruise was confined only to the coastal region,
the study cannot be extended to deeper oceanic regions.
The mean value of a for the Arabian Sea is about 0.8,
which is in agreement with the previous values. For the
Bay of Bengal, the near coastal value is as high as 1.8.
The mean value for the Bay of Bengal is about 1.2.
This implies that the Bay of Bengal region has a
steeper aerosol size distribution compared to the
Arabian Sea, which could be either due to closer prox-
imity to the source regions or due to large abundance or
both.

The large values of a over the Bay of Benga could
be due to the direct impact of the anthropogenically
influenced east coast of India (source of sub-micron
aerosols). The smaller values of a over the Arabian Sea
are probably due to the longer sea-travel of the corre-
sponding air masses. Moreover, since the Arabian Sea is
influenced by the northwest regions of the Indian sub-
continent, it carries larger dust particles to the Arabian
Sea which make the value of a smaller. Almost flat
spectral variation of aerosol optical depth over the
Indian Ocean is representative of the far oceanic re-
gions.

Effect of continental proximity

In order to examine the effect of the continent on the
aerosol optical depths, the values have been averaged
over two regions. The first one is a region of the Bay of
Bengal and the Arabian Sea which are closer to the con-
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Figure 8. Long-term variation of the aerosol optical depth at 500 nm measured at three |ocations — Visakhapatnam
(east coast of India), Thiruvananthapuram (southwest coast of India) and Minicoy (an island station in the Arabian

Sea).
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Figure9. Spectral variation of t, at Thiruvananthapuram. Continu
ous line with solid circles represents the mean t, — | for the cruise
period and dashed line with open circles represents the mean values
for March 2001.

Table3. Mean Angstrom coefficients for Thiruvananthapuram

ar 1.09 + 0.46 b* 0.235
Smean 0.94 £ 0.05 Binean 0.25

tinent and the second region is the equatorial Indian
Ocean which is farther away from the continent, such
that an air mass from the continent would take several
days to reach there, under normal conditions. Figure 7
shows the spectral variation of aerosol optical depth
averaged over these regions. The vertical bars represent
the standard deviations. The large difference in the near
UV and visible optical depths is clearly due to the small
particle effect discussed earlier.

The features along the west coast of India have been
investigated earlier (during INDOEX)?*?’. Similar en-
hancement in the near UV and visible aerosol optical
depths near the coast has been reported. Since this
enhancement is mainly due to the anthropogenic aero-
sols, a similar observation over the Bay of Bengal
should not come as a surprise. However, the higher
values of a observed over the Bay of Bengal indicate
a possible difference between the aerosol characteri-
stics over the Bay of Bengal and those over the Arabian
Sea.
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Comparison with inland and island observations

As a part of ISRO-GBP, continuous observations of
aerosol optical depth have been made at different re-
gions over continental India'®. Here, we have compared
the ship-borne data with these observations. Figure 8
shows the long-term variation of the aerosol optical
depth a 500nm measured at three locations—
Visakhapatham (east coast of India), Thiruvananthapu-
ram (southwest coast of India) and Minicoy (an island
station in the Arabian Sead). The climatological values
are comparable with the present near-coastal observa
tions.

During the cruise period, a multi-wavelength radio-
meter was in regular operation at Thiruvananthapuram
(85°N, 77°E) on all clear days. The data collected from
this represented the scenario that prevailed over the
coastal region during the cruise time. Figure 9 shows
the spectral variation of t, a Thiruvananthapuram,
where continuous line with solid circles represents the
mean t,—1 for the cruise period and the dashed line
with open circles represents the mean values for March
2001. The vertical bars are the standard errors. The
spectral variation is typical of that observed for a re-
mote continental coastal station and resembles quite
well that seen over the Arabian Sea. The values of a
and b are computed using the ten t,—1 values for al
the individual days and the mean value of a(@*) and
hb*) are estimated. a and b are aso estimated for the
mean curve (solid) shown in Figure 9. These are listed
in Table 3. It is seen that the values of a and a* are
very similar to those observed for the Arabian Sea, but
are larger than those for the Bay of Bengal.

Conclusions

1. The atmosphere over the Bay of Benga was
found to be more turbid than that over the Arabian
Sea.

2. Aerosol optical depth decreases with distance from
the coast with an efolding scale digance of ap-

proximately ~1000km for near UV and visible
wavelengths, and ~1600km for near IR wave
lengths.

3. A comparison of the near-coastal values of aerosol
optical depth with ocean values shows a large differ-
ence in near UV and visible wavelengths compared
to near IR wavelengths, which clearly shows
the relative dominance of small particles near the
coast.

4. Traectory analysis showed that the Bay of Bengal
was mainly influenced by the eastern coast of India,
the Indian Ocean mainly by the Indian subcontinent
and the Arabian Sea by the northwest of India and
countries lying northwest of India.
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