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Abstract. The transport of aerosols and pollutants from con- respectively) over BoB, exhibiting similar AOD andspatio-
tinental India to the adjoining oceanic areas is a major topictemporal variation.

f concern an veral experimental campaigns havi . .
of concern and seve al experime tal campaigns have be.eIQeywords. Atmospheric  composition and  structure
conducted over the region focusing on aerosol characteris;

tics and their climate implications. The present study ana_(AerosoIs and particles)
lyzes the spectral aerosol optical depth (AOD) variations over
Bay of Bengal (BoB) during Winter-Integrated Campaign for
Aerosols, gases and Radiation Budget (W-ICARB) from 271 Introduction

December 2008 to 30 January 2009 and investigates the in-

fluence of the adjoining landmass to the marine aerosol field Tropospheric aerosols affect the radiation budget by scatter-
High AODsgg values &0.7) occurred over northern BoB due ing and absorbing the incoming solar radiation (direct effect)

to outflow of aerosols and pollutants from the densely pop-and by modifying the cloud albedo and droplet size distri-
ulated Indo-Gangetic Plains (IGP); low A@g (0.1-0.2) bution, thereby changing the radiative properties and life-
was observed in central and southern BoB, far away fromtime of clouds (indirect effect) and suppressing precipita-
the mainland. The Angstrom exponem”“was observed tion (lPCC, 2007) The influence of aerosols on climate is
to be high ¢1.2) near coastal waters, indicating relative much more complex than those of greenhouse gases because
abundance of accumulation-mode continental aerosols. ORAf different sources and production mechanisms and short
the other hand, over southern BoB its values dropped belovtmospheric residence times, from less than a day to more
~0.7. National Center for Environmental Prediction (NCEP) than a week. Thus, the radiative forcing and the resulting
reanalysis data on winds at 850 and 700 hPa, along with airclimate impact due to atmospheric aerosols remain largely
mass trajectories calculated using Hybrid Single Particle La-Uncertain, primarily due to inadequate data representing the
grangian Integrated Trajectory (HYSPLIT) model, suggestedspatio-temporal heterogeneity of the aerosol properties and
transport of continental aerosols from central and northerrfo the poor understanding of the aerosol-cloud interactions
India over the BoB. On the other hand, when the ship was(Patadia et al., 2008). More systematic measurements of at-
crossing the eastern BoB, the aerosol loading was stronglynospheric aerosol properties, together with numerical mod-
affected by air-masses originating from Southeast Asia, causeling and data assimilation, are needed to reduce the uncer-
ing an increase in AOD and. Biomass_burning episodes tainties (Diner et al., 2004; Yu et al., 2006; Mian Chin et al.,
over the region played an important role in the observed2009).

aerosol properties. Terra/Aqua Moderate Resolution Imag- Over the Indian subcontinent and surrounding oceanic re-
ing Spectroradiometer (MODIS) AQJgp and cruise mea- gions, a number of observational campaigns, viz., Arabian
sured AOR3so showed good agreemert{=0.86 and 0.77, Sea Monsoon Experiment (ARMEX), Indian Ocean Exper-
iment (INDOEX), Land Campaigns (LC) LC-l and LC-II,

and Integrated Campaign for Aerosols, gases and Radiation

Correspondence tdS. K. Kharol Budget (ICARB) were conducted to investigate the role of
BY (shaileshan2000@yahoo.co.in) aerosols in altering the atmospheric radiation budget (e.g.
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[ Sagar Kanya 254 Cruise Track | vertical structure of aerosols over the Marine Atmospheric
e e e S ————— Boundary Layer (MABL) via balloon and aircraft measure-
H L (WICARB Cruise Bangladesh ] ments, respectively, while Sinha et al. (2011a) focused on
2 o2 e 2. 7 aerosol concentrations and particle size at the sea level and
0 - Kochi, 30" January 2009) 25 o7 Myanmar Kumar et al. (2010) on aerosol chemical compaosition. In a
18 - India /3531 North Bol = recent study, Kaskaoutis et al. (2011) aimed at classifying the
Z 16| o L i”% LM ] aerosols over BoB into specific types, focusing also on the
S ul o ﬁ TR L (SN ] modification of aerosol processes in the marine atmosphere.
:'g . Chennai 57 Al [N 2 i REas{BoB \ 1 Their results highlighted a large anthropogenic (fine-mode)
Eﬁ Wl Ko ¢, Central BB |1 . é aerosol component over nearly the whole BoB. The present
i A B - work aims at identifying the sources for such large anthro-
8r » @l 61 w i BN pogenic aerosol component, either originated from continen-
6 51 Tm Lzz.l T B ] tal India or Southeast Asia — two regions that seem to pro-
4ar m = — duce aerosols of different types and characteristics. BoB,
2 South BoB 1] being surrounded by the rapidly developing Southeast Asian
9 P Y Y Y U I B T N regions, provides an excellent laboratory to analyze the conti-

70 72 74 76 78 80 82 84 86

Longitude(°§:8) % 92 9% 9% 9 100 nental fluxes. Systematic sun-photometric measurements us-

ing MICROTOPS-II (MT) were performed over the oceanic

Fig. 1. The cruise track of Sagar Kanya 254 in the Bay of Bengal .research vessel (Sagar Kanya), spanning 35 days and cover-

during the W-ICARB, 27 December 2008-30 January 2009. Theld the whole BoB. Furthermore, Terra and Aqua MODIS

arrow shows the track of the ship while the circles show the positionobservations were used for comparison with the ship mea-

of the ship at 10:30 LST for each day. The entire BoB is divided in Surements. In contrast to the pre-ICARB campaigns, the

5 sub-regions, namelia) west, (b) north, (c) east,(d) central, and  large spatial coverage allows us to highlight the highly het-

(e) south. erogeneous aerosol field, both in spatial and temporal do-
mains, and to provide some useful information about the con-
tinental (Indian and Southeast Asian) influence. Section 2

Ramanathan et al., 2001; Moorthy et al., 2005, 2008; Japrovides information about the cruise track around BoB, the

yaraman et al., 2006). Despite the above campaigns, othefata set used are described in Sect. 3, while Sect. 4 presents

few field experiments were limited to cruises along the Indianthe meteorological conditions during the cruise campaign.

coasts and coastal northern BoB (e.g. Sumanth et al., 2004rhe results are discussed in Sect. 5, while Sect. 6 summa-

Vinoj et al., 2004; Ganguly et al., 2005) and focused mainly rizes the main conclusions.

on columnar aerosol optical depth (AOD) and ambient to-

tal mass concentration measurements. The first ICARB was

conducted during the pre-monsoon season of March-May@ W-ICARB cruise track

2006 over the Indian subcontinent and adjoining oceanic re- . . Lo

gions, e.g. Bay of Bengal (BoB), Northern Indian Ocean The cruise track during the W-ICARB campaign is shown

(NIO), and Arabian Sea (AS). The main results of this cam-" Fig. 1. The _arrowheads_ denote the direction of ”?‘? ship
paign have been highlighted in numerous studies included inovement, while the red qrcles show the mean position of
the special issue of Journal of Earth System Science (Vol-the ship at 10:30 h (Local Time) on each day. The ship started
ume 117, S1, July 2008). However, dedicated ship-born

Jrom Chennai port (131N, 80.2 E) on 27 December 2008,
measurements to explore the aerosol characteristics in th@nd during its return journey, it passed Sri Lanka on 28 Jan-
entire BoB were almost nonexistent, since the eastern Bo

glary 2009 and returned back to Kochi (9N, 76.2° E) at
had remained fairly unexplored during ICARB-06. In con- AS_O” 30 Janu_ary 2009. The particular configuration of the
tinuation of the previous campaign, ICARB during winter cruise track (Fig. 1) enabled measurements on the coastal

season (W-ICARB) was conducted from 27 December oppghaters adjoining the anthropogenically-dominated mainland

to 30 January 2009 over Indian mainland and BoB aiming toand far off oceani.c regiqns in rapid succession (Moorthy
explore the BoB in finer detail, including the northern, east- ! al., 2010). This provided a nearly homogeneous spa-

ern part and also NIO, focusing on the physical and opticaltia"y gridded aerosol database within a time span of about

properties of atmospheric aerosols, trace gases and aeros%lmomh’ durmg V_Vh'Ch _the a_erosol characteristics are cons_|d-
chemistry over the region. ered to be statistically invariant (Moorthy et al., 2009). This

In the present study, we have analyzed the variations iwas also corroborated by the prevailing meteorology, which

. . -~ was devoid of any major synoptic weather systems, such as
spectral AOD and aerosol optical properties over BoB durmgc clones, depressions, or extensive cloud cover during the
W-ICARB, focusing on the influence of continental fluxes Y » 4ep ' 9

. . _measuring period.
over the oceanic area using columnar aerosol properties.

Sinha et al. (2011b) and Sreekanth et al. (2011) analyzed the
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3 Datasets and methodology In addition, we used Cloud-Aerosol Lidar and Infrared
Pathfinder Satellite Observation (CALIPSO) images for the

High temporal resolution{10 min) measurements of direct- backscatter coefficient at 532 and the depolarization ratio in
beam solar radiation were made using two (sun-photometes specific day of the cruise in order to present the intense out-
and ozonometer) handheld MICROTOPS-II (Solar Light flow of aerosols and pollutants from Indian sub-continent to-
Company, USA). The one provides the AOD at 5 chan-wards BoB. CALIPSO provides new insight on the role of at-
nels (380, 440, 500, 675, and 870 nm), while the other themospheric aerosols and clouds in regulating Earth’s weather,
AOD at 1020 nm, the columnar water vapor and the columnclimate, and air quality by providing their vertical distribu-
ozone, using three UV and two IR bands, one of them betion. As part of the A-train satellite constellation, CALIPSO
ing 1020 nm. The sun photometer works on the principle ofhas a 98-inclination orbit and flies at an altitude of 705 km,
measuring surface-reaching solar radiation intensity at specand can observe aerosols over bright surfaces and beneath
ified wavelength bands and calculates corresponding opticahin clouds with vertical resolution of 30m. The CALIPSO
depths by knowing the respective radiation intensities at toppayload consists of three instruments: the Cloud-Aerosol Li-
of atmosphere (TOA), using its internal calibration. The Full dar with Orthogonal Polarization (CALIOP), an Imaging In-
Width at Half Maximum (FWHM) bandwidthis.2+0.4nm  frared Radiometer (IIR), and a moderate spatial resolution
at 380 nm channel and #91.5 at the other channels. The Wide Field-of-view Camera (WFC). CALIOP provides pro-
accuracy of the sun-targeting angle is better thaf.0The  files of aerosols at 532 and 1064 nm, as well as two orthog-
errors in the AOD estimation could result from diffuse radi- onal (parallel and perpendicular) polarization components at
ation entering the optical channel, computation error in rela-532 nm. A detailed description about CALIPSO instruments,
tive air mass, calibration coefficient variation with time, and operation, and measurements can be found elsewhere (Pow-
uncertainty in the optical depths due to Rayleigh scatteringell et al., 2009).
and absorption by § NO,, and water vapor (Shaw, 1976).  |n order to identify the source regions as well as the trans-
Furthermore, we have applied the Cachorro et al. (2004)ort pathways of the air parcels arriving over BoB during the
technique of correction to each wavelength for eliminating cruise campaign, we have used the Hybrid Single Particle
the diurnal artifact of the AOD. The absolute error in the de- agrangian Integrated Trajectory (HYSPLIT) model. Five-
rived AODs is aboutt0.03 (Morys et al., 2001), with larger  days back trajectories at 3 atmospheric levels are considered:
values in the UV. The MT instrument was factory calibrated (a) 500 m (within the MABL), (b) 1500 m (above the MABL
atregular interval, while more details about the measuremengut below the trade wind inversion), and (c) 3000 m (in the
protocol and accuracy of the AOD retrievals can be found injower free troposphere).
Kaskaoutis et al. (2011).

Ship-borne measurements of air temperatdrg atmo-
spheric pressure, relative humidity (RH), wind speed (WS),4 Prevailing meteorology during W-ICARB
and direction have also been carried out on an hourly ba-
sis. In addition, sea surface temperature (SST) measurementhe NCEP/NCAR reanalysis meridional and zonal wind
were taken using the bucket thermometer from a few cen{ields at the pressure levels 850 and 700 mb have been used
timeters below the sea surface. The measured WS was cote ascertain the synoptic meteorological conditions during
rected for the velocity of the ship using the method proposedhe study period. Figure 2 shows the mean composite vec-
by Smith et al. (1999). A global positioning system (GPS) tor wind at 850 and 700-mb levels, respectively over South
onboard provided continuous information on time and posi-Asia for the period of 27 December 2008 to 30 January 2009.
tion of the ship. The arrowheads show the wind direction and the length of

The MODIS AOD;s0 and as50-865 (Over ocean) values arrow corresponds to the mean wind speed, which is also
were also used to analyze the spatial distribution of therepresented by the colored scale. The winds at 850 mb were
columnar aerosol properties. The MODIS data correspondelow~4 ms™! over continental India, having larger inten-
to collection 5 (C005) level 3 (Levy et al., 2007) from both sities over BoB, mainly over its southern parts. The stronger
Terra and Aqua satellites. The level 3 was selected in ordewinds over southern BoB may be responsible for the pro-
to cover the whole movement of the ship on each day. Thusduction of coarse sea-salt aerosols (Kaskaoutis et al., 2011;
the MODIS data correspond to the averaged value of som&inhaetal., 2011a). The low level anticyclone prevailed over
pixels (depending on the daily ship movement) covering anthe Indian mainland led to a continental outflow from Indo-
area ranging from 102 100 km to 300< 300 km along the  Gangetic Plains (IGP) over the northwestern BoB. In further
ship track. The MT aerosol measurements in a time intervakontrast, the eastern and southern parts of BoB were under
of £30 min around the MODIS overpass were used for thethe influence of easterlies from Southeast Asia. Note also
comparison with the MODIS data. It was found that the usethe very low winds, indicating absence of continental advec-
of level 2 (10x 10 km) MODIS data are strongly correlated tion in northeastern BoB (close to Myanmar coast) where the
with the level 3 ones K = 0.92) for both Terra and Aqua AODs are the lowest (see following sections). Similar syn-
(Sinha et al., 2011a). optic wind pattern prevailed at 700 mb, even composed by

www.ann-geophys.net/29/1423/2011/ Ann. Geophys., 29, 1¥233-2011



1426 S. K. Kharol et al.: Influence of continental advection on aerosol characteristics over BoB

27 Dec 08 to 30 Jan 0%-850mb level 27 Dec 08 to 30 Jan 09-700mb level
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Fig. 2. Mean synoptic wind patterns (in m$) at 850 mb (left) and 700 mb (right) over South Asia during W-ICARB (27 December 2008
to 30 January 2009). The data were obtained from NCEP-NCAR reanalysis.
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Fig. 3. Day-to-day variation ofa) sea surface temperature (SST),

(b) relative humidity (RH){(c) air temperature andd) wind speed
(WS) over BoB during W-ICARB.
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stronger &7 ms1) northwesterly winds over the northern
BoB.

Measurements of several meteorological parameters dur-
ing the cruise campaign were taken using multiple sensors,
which were kept at~10m a.m.s.l. onboard the ship. Most
of the days were cloudless or partly cloudy, while the av-
erage convective mixed layer height ranged frerh00 m
to ~1.7 km with a mean of~710m as determined via ra-
diosonde temperature profiles. Figure 3a—d shows the daily
mean variation of SST, RH;, and WS, respectively, during
W-ICARB. The SST was varying between 24 and 28C.

As expected, the lowest SST values were observed in the
northern BoB (31 December 2008, 7 January 2009) and the
highest in the south BoB and NIO (last days of the cruise),
creating a pronounced latitudinal gradient. The RH was
ranging between 49-80 %, with the lowest value5Q@ %) to

be observed on the first days of the cruise (28—30 December),
probably affected by the drier continental air masses. Low
RH values were also observed in the eastern BoB (11, 15-16
January 2009), while in some parts of north (e.g. 7 January)
and especially in south BoB, the RH was above 70-75 %.
During the cruise campaign the daily mean air temperature
(T) varied from 24.3C to 29.3C, while the lowest and
highest values were observed in the northern BoB (31 De-
cember, 7-8 January) and in the southern parts (last cruise
days), respectively. The WS showed considerable fluctua-
tions during the cruise period, ranging from lowZms™1)

to high (~12 ms1) values. The mean synoptic wind pattern

www.ann-geophys.net/29/1423/2011/
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over BoB comprised of northwesterly winds{ms™1) over
the northern and western BoB, while stronger easterly winds
(>8ms1) prevailed over eastern and southern BoB.

80 82 84 8 88 90 92 94 96 98

5 Results and discussion
5.1 Aerosol optical properties over BoB

Spectral AOD in all the clear-sky days were carried out us-
ing MICROTOPS-II sun photometer at five wavelengths (i.e.
380, 440, 500, 675, and 870 nm) tA10-min time inter-
vals. Figure 4a—c shows the spatial distribution of A
Angstrom exponent: and turbidity coefficients, respec-
tively. These figures have the disadvantage of providing a
spatial distribution where the measurements correspond to a
fixed location at a defined time interval. However, it was
found that no significant temporal variability exists over the 80 82 84 86 88 90 92 94 96 98
time period of one month able to strongly affect the pre- 21 L

sented spatial distributions. The AG$3 exhibits large day- ig b)
to-day variation with a sharp latitudinal gradient and simi- ¢
lar spatial distribution to that observed in the pre-monsoon
ICARB-06 campaign (e.g. Moorthy et al., 2008). Thus, the
present results show that the continental outflow over BoB
is also significant in winter, whereas the aerosol field in the
two seasons (winter and pre-monsoon) is composed of differ-
ent types, having larger coarse-mode fraction and aerosols
of desert origin in pre-monsoon (Kalapureddy and Devara, 7
2008). Very high AORy (0.7 to >1.0) occurs close to
the northeastern Indian coast due to direct influence of the
coastal urban centers and the long-range transport of con- 3
tinental aerosols. Lower AO4gg values (0.1-0.2) occur in 80 82 84 86 88 90 92 94 96 98
central BoB, far away from the coasts, and in a small area in Longitude (degrees)

the northeastern part of BoB close to Myanmar coast. The 6 55 @ 65 4B B 5P BF S5 68
latter is somewhat unexpected, but the air masses were rather
clear (fast moving from the west and/or of marine origin)
when the ship was cruising in this area. Agypvalues rang- >
ing from 0.4-0.6 and 0.2-0.5 are observed over eastern and 7 1 -7 035
southern BoB, respectively. A mean A@dg of 0.41+0.14 ¥

Latitude (degrees)

80 82 84 86 88 90 92 94 96 98
Longitude (degrees)

21

19

17 1.35
15
13 105

11 11 e

Latitude (degrees)

1 Il 21
Myanmar

w15 - 15 0.30
over coastal-central BoB was reported during a limited cruise 8
campaign in February 2003 (Vinoj et al., 2004); more specif- & '° | -
ically, they found mean AOEyo of 0.54+0.05 near the coast _§ " - 020
and 0304 0.05 in central BoB, which are very close to the T g | L9 -

present results. The mean Agdg during W-ICARB was
found to be B8+0.21, thus exhibiting large spatial hetero-

geneity. This mean value is comparable in magnitude with S W pi0
that (0364 0.12) found over BoB during ICARB-06 (Kala- 3 - \ 3 0.00
pureddy and Devara, 2008). The little higher winter value 80 82 84 8 8 90 92 94 965 98

(this study) is mainly attributed to some extreme AfQ® Longitude (degrees)

measured over northwest BoB on 2 Januanp3i-0.17).

On that day the sun photometer observations were limitedFig. 4. Spatial distribution of(a) AODsqq, (b) Angstrom wave-
only in morning hours (till-11:30 LST) and were not used length exponenta(zgo-g70) and turbidity coefficient ) obtained
from other studies conducted over the region (e.g. MoorthyPy MICROTOPS-II over BoB during W-ICARB. The line shows

et al., 2010). The weather conditions in early morning werethe ship’s movement and the dark points the sun photometer mea-
hazy with the formation of thin clouds at noon. Based on surements.

www.ann-geophys.net/29/1423/2011/ Ann. Geophys., 29, 1¥233-2011
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041 3 > tal origin (Moorthy et al., 2010). The mearso_g70 Was
L 02¢ R =083, R7y,=0.85 found to be 114+ 0.24, slightly lower but with larger varia-
S o0k tion from the value 21+ 0.11 found over BoB, and larger
% 02¢ than that ((®0+ 0.18) reported over AS during ICARB-06
S04l (Kalapureddy and Devara, 2008). This indicates that in both
= -0.6 L seasons, BoB is affected more by anthropogenic emissions
g T from continental India and Southeast Asia than the AS. A
o 08t I R Y T RPN SR S T S S T significant finding revealed from the spatial distribution of
1.6 _ « is an eastward increase for latitudes betweé&h &nd
Lar 15° N, which was not established in the ICARB-06 cam-
1.2 T/E [ | E T V= paign, since the far eastern BoB remained unexplored. The
2 (1)8 - I I I f e~ spatial distribution ofg seems to follow that of AOEByq,
§ 0.6 C \/ since their between correlation is associated with 89 % of the
3 04 : variance. Thus, Iowf€0.15) values are obgerveq near the
02 F : Myanmar coast and in central BoB and higher in northern
00F 1t (0.4<) and western (0.2-0.3) BoB. Thizvalues are larger
] near coastal India than in the far eastern BoB, although these
1.0 | regions present similar AQ{go. This indicates a stronger
08 [ influence of mixed aerosols, having a larger coarse fraction
s L over coastal India, while over eastern BoB the aerosols are
a 06} of fine mode (Kaskaoutis et al., 2011). During the campaign,
% 04 [ B was found to be A7+0.09, larger than that (@44 0.08)
02 [ reported during ICARB-06 (Kalapureddy and Devara, 2008).
L The results of numerous campaigns suggested that both
0.0 ; : "1 : (Is : ; : 1'0 : 1'2 : 1'4 : 1'6 : 1'8 : 2'0 : 2'2 ' AOD anda values are higher over BoB compared to those
over AS and NIO, having also a more absorbing nature (e.g.
Latitude (degrees) Satheesh et al., 2001; Moorthy et al., 2009). A direct com-

parison between aerosol characteristics measured over BoB
Fig. 5. Mean latitudinal variation of AOBpo, @3go-g7o and  during W-ICARB and those of previous cruise campaigns is
Coefficientaz over BoB during W-ICARB. The linear and ex- included in Moorthy et al. (2010) The |arge values of AOD
ponential fits shown in the graph are: [AGE =036+  andy over BoB differentiates this marine environment from
0.001exp™¢/3.79)], kr3go-g70= —0.002v +1.19], fap = —0.03r + an open oceanic one due to intense anthropogenic outflows,
%?Ségafaﬁgsoaiﬁl:fﬁglgfgzhégvlvﬁ%@ﬂ?;::éf the latitude. as major industries are located along the coastal re_gion of
BoB at Chennai, Kolkata, Visakhapatnam, etc., which in-
cludes cement factories, coal based thermal power plants,
steel plants, etc. W-ICARB, being the most extended cruise
the .st'rict criteria appligd ir) qukaoutis et al. (2011) abOUtcampaign over the region in winter season, highlights a pro-
avoiding cloud contamination in the sun photometric mea-noynced continental influence not only over northern BoB,

surements, the morning hours of 2 January that are used iyt also over its southern parts as has already been shown in
the present study are not considered as cloud contammategre_monsoon (Nair et al., 2010).

but as high turbid.

The,&ngstrbm wavelength exponenkf and turbidity co- 5.2 Latitudinal dependence of aerosol properties
efficient (8) were estimated in the wavelength band 380—
870 nm using the least squares method. The high values dEven though the oceanic environment is less heterogeneous
a (>1.1) along the east Indian coast, northern and easterecompared to land, several studies have shown large aerosol
BoB indicate relative abundance of fine and accumulation-heterogeneities over oceanic regions, even over reasonably
mode aerosols. The central and southern BoB showed lowesmall spatial scale (e.g. Kaskaoutis et al., 2010). Atmo-
a values (below 0.7), suggesting dominance of coarse-modsgpheric dynamics and thermodynamics as well as long-range
particles. These particles could be associated with additionaransport play a vital role on aerosol loading and its variations
production of sea-spray aerosols due to stronger winds oveover BoB (e.g. Moorthy et al., 2009). In this respect, Fig. 5
this area (Figs. 2, 3) affecting the concentrations of supershows the latitudinal variation of AGIgo, «3g0-s70, and co-
micron particles (Sinha et al., 2011a) at the sea surfaceefficientay, which indicates the curvature in the InAOD vs.
However, no significant correlation between columnar pa-Ini plot [INAOD =ax(Inx)? 4 a1lnx +ag]. The coefficient
rameters¢ or AOD) and sea-surface WS was found, since ap can be used along with for the discrimination of dif-
there is possibility for elevated aerosol layers of continen-ferent aerosol types, while positive values of it correspond

Ann. Geophys., 29, 1423438 2011 www.ann-geophys.net/29/1423/2011/
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to size distribution dominated by coarse-mode particles and Besides the clearly defined latitudinal gradient, a rather
vice versa (Kaskaoutis et al., 2010, 2011). The latitudinalvariable longitudinal one was found (not presented) depend-
step is defined to 1 degree, while the vertical bars provideing strongly on the latitudinal belt. Thus, over northern BoB
the standard deviation of the mean value due to longitudinal>19° N) there is a strong longitudinal gradient with decreas-
variation of each parameter. The AgHg increases steadily ing values of AO3gpand increasing values offrom west to

with latitude for areas northern tharil2° N associated with  east (see also Fig. 4). Betweer? N2and 17 N, the AOD5q0
increasing in standard deviation. This latitudinal variation anda present larger values near the Indian coast, which are
can be accurately fittedk€ = 0.97) by an exponential growth  continuously decreasing in the central part and increasing
function of the formy(x) = x,exp{/xp) + B. In this form, again in the far east BoB>(92° E), while in southern BoB

x is the latitude (in degreesy, is the latitude independent and NIO (<8° N) both AODs5gp anda exhibit insignificant
component, andp is the scaling distance (in degrees) cor- longitudinal variation. A previous study (Ramachandran,
responding to an e-fold changeyrn(AOD) in degrees of lat- 2004) showed that the spectral AOD presented a steep lon-
itude. The scaling distance is commonly used for such studgitudinal gradient, as the ship was moving from the Indian
ies in order to reveal how steep the variation is in aerosolcoast towards the pristine oceanic region, thus highlighting
properties as a function of latitude or of the distance fromthe reduced anthropogenic influence in central BoB.

the coast (Ramachandran, 2004). The results show a scal-

ing distance of 38°41.7°, which is much lower than that 5.3 Aerosol and pollution transport over BoB

(10.6) found by Moorthy et al. (2010) over the same area

during W-ICARB. The difference is mainly attributed to the In order to identify the sources of high aerosol loading over
use of the very high morning AOD values on 2 January 2009the northern BoB, Terra/Aqua MODIS true color images are
in the present study, which leads to higher AODs in the north-shown on 7 January 2009, when the ship was crossing the
ern latitudes, as well as to the use of the AOD value fornorth BoB (Fig. 6). An intense hazy-aerosol layer over IGP
21° N, which is not used by Moorthy et al. (2010). Exclud- and Bangladesh is clearly shown by satellite images, indicat-
ing these two values, the scaling distance was found to béng a strong continental outflow towards the marine environ-
8.9° £1.3°, which is much closer to the value reported by ment. During W-ICARB such aerosol layers are transported
Moorthy et al. (2010). In great similarity with the present re- towards downwind direction over northern BoB, resulting in
sults, the long-term (2000-2009) MODIS A@f latitudinal ~ dramatic increase in AO§3o and 8 values on 31 Decem-
variation over BoB (for latitudes greater thahM) in Jan-  ber 2008 (068+0.07, 025+0.03), 2 January (53+0.17,

uary showed an exponential growth with scaling distance 0f0.67+0.09), and 7 January 2009.{®+0.06, 031+0.03)
3.4°£1.2° (not shown). In contrasiyago_g7o does not show  and limitation of visibility.

any remarkable latitudinal variation during W-ICARB ex-  Such dense fog and hazy conditions are very common over
cept of the lesser values fer8°. Previous observations dur- IGP during winter (e.g. Singh et al., 2004; Ramachandran
ing ICARB-06 (e.g. Kedia and Ramachandran, 2008) haveet al., 2006; Gautam et al., 2007; Das et al., 2008), which
shown a strong south-to-north gradient of increasing AODtraps the aerosols and pollutants near the ground. The large
ando over BoB. The latitudinal variation of from Fig. 5  amount of water-soluble aerosols over IGP provides the nec-
seems to be somewhat different to that observed in the spaessary condensation nuclei for the formation of fog near the
tial distribution of this parameter (Fig. 4b), This inconsis- ground, especially when the RH is high (Badarinath et al.,
tency is attributed to the limiteglsgo_g7o values for latitudes  2007b). These thick aerosol layers have attracted scientific
below & N. For example, at ®N the availability of data is  interest in recent years, described as “Atmospheric Brown-
limited over the southwestern BoB (note the black dots inish Clouds, ABC” (Ramanathan et al., 2005; Lawrence and
Fig. 4), thus leading to smallergg_g7o than that at 4 and Lelieveld, 2010) that are comprised mainly of Black Car-
5°. The curvaturedy) exhibits a continuously decreasing bon (BC), sulphate, ammonium, and nitrate. Burning of bio-
trend towards northern BoB, which is an indication of fine- fuels, such as wood, agricultural waste, and dried animal ma-
mode aerosol dominance. The scaling distance was foundure in cooking stoves, is the largest source of BC emissions
to be 15.3, with the exponential decay function presenting in India, contributing 42 % of the total (Venkataraman et al.,
high accuracy (0.86). The, values in southern BoB and 2005). The ABC can be even 3-km thick and can be trans-
NIO are characteristics of super-micron particle size (posi-ported several kilometers downwind, affecting south India
tive a2), while those for latitudes larger thafd 8 for accu-  and the adjoining oceanic regions (Ramanathan et al., 2005).
mulation and fine-mode aerosols. Similarly to our results,Furthermore, they absorb the solar radiation heating the at-
Moorthy et al. (2010) found that the latitudinal variation of mosphere, thus causing a temperature anomaly over northern
the accumulation mass concentration and accumulation madsdia (Gautam et al., 2010) able to cause the melting of the
fraction can be simulated by an exponential growth functionHimalayan glaciers (Prasad et al., 2009; Menon et al., 2010).
with high accuracy R? = 0.96 and 0.92, respectively) and  Although MODIS sensors can clearly detect the aerosol
scaling distance of18°. These results show a consistency loading over IGP and BoB, its thickness and vertical ex-
between columnar and MABL aerosol characteristics. tend cannot be monitored. For this reason, lidar systems on
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(a) Terra MODIS | g : (b) Aqua MODIS

Fig. 6. True Color Composite images of Terra/Aqua MODIS on 7 January 2009 over the northern BoB.

board satellites (such as CALIPSO) have been increasingly
available in the last years in order to identify the vertical
extent of aerosols. A typical example of the vertical distri-
bution of the aerosol plume over BoB on 1 January 2009 is
shown in Fig. 7a, b for total attenuated backscatter coeffi-

1ol cient and depolarization ratio at 532 nm, respectively. The
gt nighttime CALIPSO overpass moving southwards covers Ti-
[1/1/2009, 20:07-20:21 UTC] i betan Plateau, eastern IGP, and northwestern BoB. On that
day the ship was crossing the northwestern BoB (18,3
B o2 86.9 E) while the daily mean AOB;o andasgp-g7o values
aerosol layer were 049+ 0.05 and 128+ 0.09, respectively.
The thick aerosol layer, extending from surface up-&
km altitude, is quite detectable by CALIPSO, covering IGP
nird and northwestern part of BoB; this aerosol layer is devel-
:: oped just below the foothills of the Himalayas, into the
ggm topographic low basin of Ganges river. The backscatter

profile is characterized by large attenuation values (0.002—
0.005 knTtsr-1) within the aerosol layer. A significant
finding revealed from CALIPSO observations is the slightly
larger vertical extend of the aerosol layer over IGP, whose
thickness is reduced over BoB { 2 km). The larger height

of mixed layer over land compared to the shallower MABL

o1 seems to play a vital role in the vertical extend of aerosols as
o8 well as the gravitational settling of the particles for large dis-
tances of their source regions. Thus, the aerosol layer shows
03 a continuous attenuation towards south BoB-& N, 82°—

oz 83 E), consistent with the results of Moorthy et al. (2010).
The depolarization ratio is defined as the ratio of the perpen-
dicular and parallel components of the attenuated backscat-
Lt by cEL R ter signal (Liu et al., 2008), and is a good proxy to distin-
=T i 3 231 guish between spherical (e.g. sulfate) and non-spherical (e.g.
cloud droplets, dust) aerosols; higher values correspond to
Fig. 7. Total attenuated backscatter profiles (khsr—1) at non-spherical particles. The depolarization ratio values are
532nm(a) and depolarization ratio valuéb) for nighttime con-  below 0.1 within the thick aerosol layer both over IGP and
ditions on 1 January 2009 obtained from CALIPSO observations.BoB, indicating a homogeneous layer of pollution and fine-
In the bottom of the figures the latitude (above) and the longitudemode aerosols.

(below) of the CALIPSO trajectory are also given.

Except for the CALIPSO observations on 1 January, the
CALIPSO extinction coefficient at 532 nm showed much
larger values0.17—0.22 km stt) within the MABL in the
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Fig. 8. Five days back trajectories by means of HYSPLIT model at 500 m, 1500 m, and 3000 m, for all the days of the W-ICARB campaign.
The cruise track period has been divided into 4 parts depending on the ship location (west BoB, north BoB, east BoB and south-central BoB).

north and west BoB than those (0.05-0.1 kmi$robserved
over the other BoB sub-regions (Moorthy et al., 2010). More-

over, distinct elevated aerosol layers were noticed over wesf, order to understand the various aerosol sources 5-day
and north BoB at altitudes between 0.5km and 2 km, Wh'Chisentropic air mass back-trajectory analysis was used by

are consisted with the aircraft-based observations over thé,aans of HYSPLIT model (Draxler and Rolph, 2003) at
east coast of India (Babu et al., 2008; Satheesh et al., 2009?:00m, 1500m, and 3000m a.m.s.l. For better analysis,

This indicates that the outflow of aerosols over the northemy,e BB has been divided into the 4 sub-regions (a) west,
parts of BoB is confined both within the MABL and in the (b) north, (c) east, and (d) south-central (Fig. 8a—d).

middle troposphere affecting the atmospheric heating rates

and the aerosol forcing over the area (Moorthy et al., 2009). 'F‘ general,.thg back-trajectories can be_ d|V|ded_|nt0 four

. . . . main sectors: (i) northwest, for trajectories coming from

The elevated aerosol layers observed in variable intensity " . . T : -

. . .. “continental India and IGP; (i), east, for air masses originat-

over the whole BoB contribute to the vertical heterogeneity. T :

. - . . ing from Southeast Asia; (iii) south, for air masses trans-
in aerosol load and characteristics over the region (Sinha e . . .

al., 2011b) ported from the tropical Indian Ocean; and (iv) west, for

air masses coming from arid regions in the Middle East and
then crossing continental India before reaching BoB. Differ-
ent types of aerosols are expected for each individual sec-
tor. Thus, for the northwest and east sectors the air masses

5.4 Influence of air-mass trajectories
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over, since the coastal eastern India shows largaues, this
kind of aerosol transport is responsible for the- 1.4 over
the northeastern BoB.

When the ship was crossing the eastern BoB, the air
masses at all levels (except very few) originated from South-
east Asia (Fig. 8c), carrying anthropogenic aerosols over
the region, contributing significantly to the enhanced AOD
= - : anda values. The role of such transport in increasing the
AOD at shorter wavelengths and BC mass concentration in
the eastern BoB has also been reported by long-term ob-
servations (Moorthy and Babu, 2006). Furthermore, Moor-
thy et al. (2003) reported larger AOD andvalues at Port
Blair (eastern BoB) when associated with air masses com-
ing from Southeast Asia. However, the eastern BoB presents
lower AODs compared to the northern and western parts,
since Southeast Asia does not contain such large amounts

: . L _ ) _ of aerosols as IGP.
Fig. 9. MODIS-derived active fire locations over South Asia during

11-20 January 2009, when the ship was crossing the eastern BoB, n Ce.mral and Southerr.l BO.B (Flg'. Sd)’ .the air masses
are mainly from eastern directions, originating from coastal

Southeast Asia and spend a large time over the marine envi-

. ) ronment. This justifies the lower AOD-Q.2) and the mod-
carry mainly anthropogenic aerosols from densely populatet,ate values of (0.8-1.0) over the region as a result of a

regions. Large consumption of fossil fuels and biomass burn; aiher mixed aerosol type consisting of coarse (sea salt) and

ing are the major sources of the anthropogenic aerosols proghe (anthropogenic) aerosols. The dominance of the oceanic
duced in these regions (Reddy and Venkataraman, 2002} masses associated with the larger WS in the south BoB
The tropical air masses carry marine coarse-mode aerosolgye the indicators of producing coarse-mode sea-salt aerosols
while the west air masses contain dust particles mixed withyyer this region. Air masses of marine origin were also found
anthropogenic ones. during ICARB-06 when the ship was cruising the south BoB
During the first days of the cruise (27-31 December (Nair et al., 2009), resulting in lower AOD andvalues.
2008), the air masses are from western/northwestern direc- |n order to further explain the large AOD andvalues
tions (Fig. 8a) originating from desert regions in Iran, Pak- over far eastern BoB, daily datasets of MODIS fire counts
istan, and northwestern India (mainly at 3000 m). These aifwere analyzed for active forest fire locations, which are sig-
masses are crossing continental India before reaching oveificant sources of aerosols over South Asia (e.g. Venkatara-
BoB. Despite the anthropogenic-aerosol transport, they camnan et al., 2006). Figure 9 shows the active fires as detected
also carry (mainly above 2 km) dust from the arid landscapesrom MODIS fire response systerht{p:/rapidfire.sci.gsfc.
in the west under favorable atmospheric conditions. How-nasa.gov/firemapsbver Southeast Asia during the period
ever, the dust outbreaks are rather rare in winter, affecting 1-20 January 2009 when the ship was crossing the east-
more the northern AS and not so much the BoB (Badarinathern part of the BoB. The open fires are mainly detected in
et al., 2010). As the altitude decreases the air masses origsoutheastern Asia and in some locations in central and west-
inate from IGP carrying anthropogenic aerosols and pollu-ern India, whereas very few exist over IGP. It was found
tants over the coastal BoB, resulting in higher abundance ofhat the fire spots in Southeast Asia present a slight increas-
sub-micron aerosols mixed with natural ones under the dei-ng trend towards the end of the cruise period_ Thus, when
velopment of the dense fog conditions. the ship was crossing the eastern BoB (10-18 January), the
In the north BoB (Fig. 8b), the air masses seem to have aasterlies (Figs. 2, 8c) transported biomass-burning aerosols
more complicated pattern, with the western and northwestover this area. However, MODIS images did not show
ern sector dominate, providing conduits for transport of con-any severe fires in Southeast Asia able to cause a dramatic
tinental aerosols. The lower air masses are originated fronincrease in AOD values on a specific day. Despite this,
IGP, carrying significant amount of aerosols over the regionthe fires seem to significantly affect the accumulation-mode
which accounts for the observed high AODs (Fig. 4a) andabundance over eastern BoB and, more specifically, near
accumulation-mode dominance (Fig. 4b). The northeasteritoastal regions as indicated by the largel(@) « values.
BoB exhibits the lowest AOEyo (Fig. 4a) and the highest This is the reason for the clear dominance of the fine-mode
a (Fig. 4b). When the ship was crossing this region, theaerosols (anthropogenic-pollution type) found over BoB by
air masses indicated mainly from costal India (3000 m) andKaskaoutis et al. (2011). Far away from the fire locations, in
coastal Myanmar (500 m, 1500 m) and devoid of significantcentral and south BoB where the air masses remained from
continental advection, being mainly oceanic in nature. More-eastern directions (Fig. 8d), there is significant reduction of

Bay of Bengal -

Indian Ocean
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Fig. 10. Mean spatial distribution of Terf@) and Aquab) MODIS

AODs550 over BoB during W-ICARB (27 December 2008-30 Jan- Fig. 11. Same as in Fig. 10, but for the Angstrom exponent
uary 2009). The MODIS data correspond to collection 5 (C005) a550_g65-

Level 3 (° x 1°).

)e considered qualitative and not quantitative. The mean
ODIS AODs5g shows enhanced values over northern BoB,
along the east Indian coast, and in the far east BoB in close
5.5 Comparison between MICROTOPS-Il and MODIS agreement with the ship-borne measurements. Note also the

similarity between satellite and ship-borne observations re-
The AODs00 and aago_g7o Spatial distributions (Fig. 4a, b) 9garding the lower AOBso in central-south BoB and close
were prepared using the whole set of measurements onboat Myanmar coast. Furthermore, the daily Terra and Aqua
a moving platform; thus, we cannot have the spatial distribu-MODIS AODsso values are similar with a correlation coef-
tion of the aerosol optical properties over the entire BoB atficient of 0.9 and mean values ofd5-+ 0.12 for Terra and
the same time. Therefore, one can believe that these grapfs32+0.12 for Aqua.
consist of a degree of arbitrariness and the presented figures Similarly, Fig. 11a, b shows the mean spatial distribution
cannot be representative for the whole duration of the W-of Terra/Aqua MODISuss0-865 Over BoB using the ocean
ICARB cruise, since the measurements can be changed atigorithm. Higherusso-_ges values are observed over north,
a specific location depending on time and prevailing meteo-west, and east BoB, but lower (in genekad.7) values in
rology. In this respect, Fig. 10a—b shows the spatial distri-central and southern parts of BoB and NIO, consistent with
bution of Terra/Aqua MODIS mean AQjgp over BoB dur-  the cruise observations (Fig. 4b). The two MODIS sen-
ing W-ICARB. The comparison of the Figs. 4a and 10a, b sors reveal a similar spatial distribution and mean value of
reveals a general consistency between the A§@Bpatial  0.99+0.18 for Terra and ®8=+ 0.19 for Aqua; their be-
distributions obtained from onboard measurements and thoseveen correlation is associated with 75% of the variance,
from satellite observations; however, such comparisons mudbwer than that found for AOBo.

the biomass-burning influence due to subsidence and dispe
sion of the aerosols.
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@) ;¢ the cruise is attributed to cloud formation over the ship loca-
1 M 040250257 tpn at the time of Terra and/or Aqua overpass. I_n general,
14l T 3.19+()71éo ship-borne anq satellite observatllons reveal a.S|m|Iar tempo-
a MT . ~0.35340.122 ral pattern during the whole duration of the cruise campaign.
12+ AquI:li)O‘304iO.144 The peaks in MT AOIgsp (31 December 2008, 2 January
I and 7 January 2009) are well represented by MODIS despite
1.0 i the larger differences in the values. The MT AgPparound
Zosk - %’gr;l(’f’o UTO) the Terra overpass is higher.40+ 0.26) compared to that
8 . e MT (13:30 UTC) of Aqua overpass (85+0.12). The relative large differ-
< 06} —o0— Aqua ence is attributed to the unavailability of data on the same
0o R o days and ship locations, mainly due to formation of clouds,
0.4+ /%Xu -\ '\D%O'\ !/' i.e. exclusion of the high AOExg value at 10:30 on 2 Jan-
02} ﬁ;g/aﬂ u/:jgfg D\D/Q . uary (not available at 13:30) will reduce the morning MT
L AODs50to 0.36. The correlation between the MT A@ig
oob——rt values in a time interval of3 h is R2=0.6. It is worth not-
05 OROF I T W g 8 G W W W e ing that the 10:30 MT AOBxg is larger than the respective
Day one at 13:30. when the ship was cruising wester.n gnd north-
®) ¢ ern BoB, _wh|le. in eastern.and southern BoB this is nqt the
| 063006 X 1+ 0.05G0.03) ' case. This indicates that. in coastal watgrs .the AOD diurnal
14F | R=086 (Tema) variation follows the cc_)ntmental one, WhICh is comprised t_)y
I higher values at morning hours reducing due to aerosol dilu-
1.2+ Yj0~96(10-02)X-0-05(i0-005) tion at local noon (e.g. Badarinath et al., 2007a). The scatter
- [ [R=0.77(Aqua) g plot between Terra/Aqua MODIS and MT AQEy (Fig. 12b)
Q* 1.0 i suggests a good correlatioR{= 0.86 and 0.77, for Terra
2 08l and Aqua, respectively). The vertical and horizontal bars
22 . correspond to the standard deviations revealed by the spatial
2 06f averaged (MODIS) and the temporal averaged (MT) values.
g 04 i m  Terra overpass It is observed that the ship-borne and satellite AODs are in
.l ® Aqua overpass close agreement for lower values, while for large A{9§
02l the inconsistency increases. The observed correlations are
L similar to those reported over BoB during ICARB-06 (Aloy-
0.0 L——1 i

b0 02 : 0'4 : 0|6 : 0|8 : 1'0 : 1'2 : 1'4 : L6 sius et al., 2008) and from previous cam_paigns (e.g. Vinoj
‘ ' ' ' ' ' ' ' ‘ et al., 2004). In general, MODIS underestimates MT AODs,
MICROTOPS-II AOD_| with larger differences (0.2—0.4) over northern BoB and very
low (<0.07) differences over central and south BoB. Sim-
Fig. 12. Day-to-day variation of the AOBs obtained from ilarly, Kedia and Ramachandran (2008) found higher MT
Terra/Aqua MODIS and MICROTOPS-II, MTa), and their be-  AODs compared to those from MODIS over BoB during
tween correlation(b). The MODIS data correspond to area- |CARB-06.
avgraged values (Level 3) along the daytime ship movement, - gjmjjgy analysis is performed for thevalues. For consis-
vivgl(l)er;?neol\f/ltlr(]:eR% ng”ap‘ggfgaf: the temporal-means within tency with the MODIS retrievals#so_ges), the MT o values
' were calculated in the band 500-870 nm. We did not use the
region 550-870 nm in order to avoid additional uncertainties
in « revealed from the calculated AGEy. The day-to-day
Despite the good qualitative correlation between ship-variation of the MT and MODI% is shown in Fig. 13a. Op-
borne and satellite mean spatial distributions, a more deposite to AORs9, MT and MODIS sensors present signifi-
tailed analysis is now given regarding the consistency becant differences in the temporal variationcaf However, all
tween MT and MODIS over BoB. In this respect, MODIS data agree to a general decrease walues on the last days
level 3 (C005) data covering the daytime movement of theof the cruise campaign as well as to the low value on 4 Jan-
ship are correlated with MT data averaged over a time interuary. The mean MTx values are larger than those of Terra
val of £30 min around the Terra and Aqua overpass. As theand Aqua, although their between differences are led/Q—
550 nm channel was not available in MT, the AOD for this 11 %). Figure 13a also reveals a systematic MODIS underes-
wavelength was estimated usinggo-s7o. The day-to-day timation during the second half of the cruise over southeast
variation of MT and Terra/Aqua MODIS AO43p as wellas  and south BoB. This is probably attributed to the fact that
their between correlations are shown in Fig. 12a, b, respecthe MODIS algorithms assume a marine aerosol model, with
tively. Some lack of data on certain days during the end ofreduceda values, for the aerosol retrievals over this area,
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while advection from anthropogenic aerosols can be impor- (a
tant. The correlation between the MiTvalues at 10:30 and
13:30 is similar to that for AOBso (R2 = 0.61), while be-
tween Terra and Aqua is very lowRf = 0.2), indicating the
increased satellite uncertainties in retrieving parameters re-
lated to aerosol size (Levy et al., 2007). As expected, the
correlation between MT and MODI& values shows larger
scatter (Fig. 13b) compared to that for A@Jg (R =0.38

and 0.33 for Terra and Aqua, respectively), while except for
a few cases, MODIS systematically underestimates the MT
a values.

Angstrém exponent

6 Conclusions

Ship-borne spectral aerosol measurements using a MT sun-
photometer along with Terra/Aqua MODIS observations
over BoB during W-ICARB cruise campaign (27 December
2008-30 January 2009) were analyzed aiming at exploring (b)
the aerosol spatial distribution over the oceanic environment
and to highlight the role of continental advection. The main
findings of the study are as follows:

— Large spatial heterogeneity existed in aerosol properties
related with aerosol loading and size distribution. Thus,
the spatial distributions of AO)o, «, and 8 showed
higher values near the coast and northern BoB attributedcﬁ
to the anthropogenic aerosol advection from continental 2
regions. Large values of AQdgp (>0.7) occurred over
northern BoB, while in central and southern BoB the
AOD500 was~0.1-0.2.

550-865

Similarly to the AOD, the Angstrom exponent showed
larger values in northern and eastern BoBL(2), while
its values dropped te0.7 in central and southern BoB.

During W-ICARB the majority of the air masses had

characteristics over BoB 1435
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a northwestern or eastern direction carrying anthro-rig. 13. Same remarks as in Fig. 12, but for the Angstrom exponent.

pogenic aerosols and/or biomass burning enhancing
AOD and its spectral dependence over the marine en-
vironment. The largest values over east BoB could
be explained by biomass-burning episodes in South-
east Asia, with the easterly air masses influencing the
aerosol load over the region. Furthermore, the air
masses influencing the west and north BoB carried sig-
nificant amounts of anthropogenic aerosols and pollu-
tants from IGP mixed with natural ones. Being down-
wind of these two major aerosol source regions, BoB
experienced high concentrations of fine-mode aerosols
from continental anthropogenic sources and/or biomass
burning.

In the winter season, fog/aerosol conditions over
IGP are a very common phenomenon. Such thick
fog/aerosol layers were transported over northern BoB,
causing large increase in AG@gy and reaching even

above 1.0 on certain days (e.g. 2 January). The

www.ann-geophys.net/29/1423/2011/

CALIPSO observations showed large spatial and ver-
tical extent of such aerosol layers over BoB.

The MT AODs5g values were in general agreement with
those of Terra/Aqua MODISR? = 0.86 and 0.77, re-
spectively), while a MODIS underestimation was found
for large AODs. The respective correlations between
thex values were not so goo&€ = 0.33-0.38).

The close agreement both in values and spatial distri-
butions of the AOD and between the cruise measure-
ments and satellite sensors indicated that the spatial dis-
tribution of the aerosol properties obtained from mea-
surements at different locations and time intervals dur-
ing the cruise campaign can be assumed representative
during a one month period (January 2009).
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