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During the 20th Indian Antarctic expedition conduc-
ted in January-February 2001, a detailed study on the
aerosol spectral optical depth, mass concentration and
size-distribution along with columnar ozone and water-
vapour concentrations was made from the Indian sta-
tion, Maitri (70.77°S, 11.73°E). A low aerosol optical
depth of about 0.03 at 400 nm wavelength and a dry
aerosol mass concentration of about 7 ug/m3 for the
PM;, particles are found for this anthropogenically
least-affected continent on the earth. The aerosol size-
distribution reveals that about 63% of the total aero-
sol mass comes from particles of size greater than
1 pm, which are of mainly natural origin. Average co-
lumnar ozone and total precipitable water-vapour
content during the observation period were found to
be 271.6 DU and 0.147 cm respectively, and the obser-
ved day-to-day variations are explained wusing air
back-trajectory analysis. Estimation of aerosol radia-
tive forcing over Maitri reveals a positive forcing of
0.95 W/m? at the top of the atmosphere and —0.83 W/m’
at the surface. Using model calculations, it is shown
that these forcing values can have large annual varia-
tion both in magnitude and sign due to variation in
the sun—ecarth geometry, typical of a polar region,
even if we assume a constant aerosol amount through-
out the year.

AEROSOLS are tiny particles of different chemical com-
position, suspended in air for a duration ranging from a
few hours to a few days. Aerosols can impact the earth’s
weather and climate by altering the earth’s radiation
budget mainly through scattering and absorbing the solar
radiation and to a lesser extent, by absorbing the out-
going terrestrial long-wave radiation. The high spatial and
temporal variations of the aerosol concentration and their
physical and chemical properties make it difficult to assess
quantitatively, the exact impact on climate. However,
field experiments such as the Indian Ocean Experiment1
(INDOEX), the Tropospheric Aerosol Radiative Forcing
Experiment2 and  Aerosol Characterization Experiment3
help to get the necessary data over a specific region and
season, which are useful for model impact analysis. Over
continents the amount of aerosol is generally large com-
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pared to the interior ocean region because the particles
are produced both due to natural processes such as wind-
blown dust, accidental forest-fires, etc. as well as due to
man-made activities such as industries, vehicular traffic
and biomass-burning. Over the ocean it is mainly the sea-
salt particles produced by breaking of air bubbles by sur-
face winds and to a lesser extent, sulphate particles produ-
ced from dimethyl sulphide emitted by phytoplanktons.
Several recent studies"*°® conducted over the ocean sur-
rounding peninsular India as well as over some selected
locations in the Indian mainland show high aerosol radia-
tive forcing, which is a measure of the net reduction or
increase in the amount of surface-reaching or outgoing
radiation flux due to total columnar aerosol burden.
There are also results"’ showing that radiation is absor-
bed within the atmosphere by particles such as soot.
However, the Antarctic region is unique. In the absence
of any major local aerosol source, the air is generally
pristine and is only influenced by the long-range trans-
port of sub-micron-size particles and gaseous pollutants
from other parts of the globe. The objective of the pre-
sent study is to examine the characteristics of the aerosol
particles found in the Antarctic and to estimate their ra-
diative forcing. In the last few decades there has been a
considerable increase in anthropogenic activities both in
developed and developing nations, which is responsible
for an overall increase in the aerosol burden around the

globe. Aerosol and radiative-forcing studies over sites
such as Antarctica will help in estimating the back-
ground-level aerosol forcing over a pristine site, which

could be compared with results obtained over polluted
regions. Also, such a study helps in establishing a data-
base that could be used in future for studying the long-
term impact of continuous human activiies in increasing
the background-level aerosol concentration. Factors like
high surface albedo and unique insolation  cycle
over Antarctica also make the study an interesting one.
The present field study made at the permanent Indian
Antarctic  Station, Maitri  (70.77°S, 11.73°E) during the
20th Indian Antarctic Expedition provides the continuity
to aerosol optical-depth measurements made over Antarc-
tica by other glroupsgf11 Also, by including results on

solar

aerosol  size-distribution and radiative-transfer analysis,
additional information is provided which is of use to
global climate-change study.
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Experiment

The 20th Indian Antarctic expedition was launched from
Goa on 28 December 2000. The team arrived at Maitri on
14 January 2001. Aerosol studies were carried out from
18 January to 23 February 2001. A hand-held sun-photo-
meter was used to measure the aerosol optical depth and
a quartz crystal microbalance (QCM) cascade impactor was
used to measure the surface-level aerosol mass-concen-
tration and size-distribution. Measurements of columnar
ozone and water-vapour were carried out using Microtops-
I

Aerosol optical depth

Aerosol optical depth (AOD) is a measure of the attenua-
tion of direct solar radiation that occurred while passing
through the atmosphere containing aerosols. It critically
depends upon the amount, size-distribution and chemical
composition of aerosols. AOD information can readily be
used to estimate the aerosol radiative forcing. A hand-held
sunphotometer, built in-house at the Physical Research
Laboratory (PRL), Ahmedabad has been used for AOD
measurements. Optical interference filters are used to se-
lect the spectrum of interest from near-UV to near-IR re-
gion. The measurement is based on the principle that
I =1,(Ne™", where I and I, are the instantaneous solar
irradiances at the surface and top of the atmosphere, m is
relative airmass and T is the total optical depth. WA=
TN + TayD + TN, where 7T, is the aerosol optical
depth, T,y is optical depth due to Rayleigh scattering by
air molecules and T, is the optical depth due to molecu-
lar absorption. [ is the quantity which is measured using
the sun photometer, while other quantities are to be cal-
culated. I, is estimated using the standard Langley plot
technique12 in which the logarithm of the photometer
output is plotted against airmass and extrapolated to
‘zero’ airmass. The airmass, m is a function of solar zenith
angle and is calculated using astronomical formulae and
corrected for atmospheric refraction as well as the earth’s
curvature effect!?. Tay 1S estimated for the polar summer
atmosphere using the Rayleigh scattering cross-section
calculated following Nicolet'*. Tay 18 also corrected for
the actual atmospheric-pressure variation observed over
the site, which varied between 967.1 and 994 mbar. This
corresponds to a variation of about 0.01 in the short wave
optical depth and less at higher wavelengths. Prior to and
after the expedition, the interference filters were calibra-
ted in-house for changes, if any, in the filter-transmission
characteristics and are included in the computation of the
optical depth due to molecular gases. Important gases re-
sponsible for absorption in the wavelength region used in
the present study are ozone, water-vapour and oxygen.
Optical depth due to these gases is calculated using the
SBDART'® (Santa Barbara Discrete ordinate Atmosphe-
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ric Radiative Transfer) model which is based on the low-
resolution band models developed for the LOWTRAN 7
atmospheric  transmission code. Total columnar
traion of ozone and water-vapour was measured using
Microtops-II, and used to obtain the optical depths due to
ozone and water-vapour absorptions. For oxygen, sum-
mer-ime polar model atmosphere values are used. The
estimated optical-depth values due to Rayleigh scattering
and molecular absorptions for the mean condition are
given in Table 1. Measurements were made at five wave-
length regions centred around 400, 497, 668, 875 and
1058 nm with a typical bandwith of 10nm at approxi-
mately 15min interval, whenever clouds are not obscur-
ing the sun or are not in the vicinity of about 30 degrees
around the sun. A total of about 220 measurements were
made for each wavelength region during the campaign
period.

concen-

Aerosol mass concentration

A QCM, California Measurements Inc, USA is used to
measure the mass size-distribution of aerosols at the surface
level. Details of the instrument and its working principle
can be found in Wallace and Chuan'®. The instrument has
10 stages with each stage sensitive to a specific size
range of particles. The radii at which the collection effi-
ciency is maximum are 8.64, 4.26, 2.24, 1.08, 0.55, 0.29,
0.16, 007 and 0.03 um respectively, for the stages 2 to
10 and the respective full width at half maximum
changes from about 7 to 003 um. The instrument was
kept around 225m away in a wooden hut, in a northward
direction from the main station to avoid contamination
from any localized sources such as power generator, Kit-
chen, etc. Air sample was drawn at a height of 2m from
the ground level. The sampling amrangement is configured
vertically such that there is negligible loss of particles
within the sampling tube. About 3 to 4 measurements
were taken every day. Prior to the starting of the meas-
urement, drift if any, in the crystal frequency was che-
cked each day, and was found to be negligible and
random. No special correction has been done for this
variation. Error in the measurement of total mass is esti-
mated to be within 25%, found earlier by simultaneously

Table 1. Columnar optical depth due to Rayleigh scattering and molecu
lar absorption at various wavelengths for average Antarctic conditions

Central wavelength

of filter (nm) Ty To, T,0 T, +N,)
400 0.3778 ~107 0 0.0002
497 0.1517 0.0090 0 0.0003
668 0.0464 0.0135 0.0008 0.0016
875 0.0153 0 0.0024 0

1058 0.0077 0 0.0077 0.0083
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operating this insttument with others like Anderson im-
pact0r4.

Columnar O; and H,O concentrations

Microtops-Il  sun-photometer, —manufactured by  Solar
Light Co, USA is used for direct measurements of the
column concentrations of ozone and water-vapour. The
instrument direct solar radiation intensity at
five spectral bands, viz. 300, 3055, 3125, 940 and
1020 nm. The first three UV channel data are used for the
estimation of the total columnar concentration of ozone,
expressed in Dobson Unit (DU), which is the equivalent
thickness of pure ozone layer at standard pressure and
temperature. The total precipitable column water-vapour
concentration is calculated from the radiation measure-
940 nm  (having water-absorption peak) and
1020nm (no absorption by water). The accuracy of the
ozone and water-vapour measurements is better than 2%.
More details of the instrument and measurement accu-
racy can be found in Morys et al M.

measures

ments at

Meteorological conditions

Routine meteorological observations were made at the
site. Additional data necessary for calculation of air back-
trajectory analysis, etc. were obtained from Air Resource
Laboratory (ARL) and NOAA-CIRES Climate Diagno-
stics Center, USA. The daily mean air temperature at
Maitri during the campaign period was in the range of 0
to —10°C, with an average value of -3°C. A decreasing
trend in daily mean temperature is observed from January
to February, with cloudy days recording lower tempera-
ture than the mean trend. The relative humidity (RH) is
found to be around 78*7%, with a decreasing trend
from January to February. Decreasing trends observed at
both temperature and RH are indicative of the air becom-
ing drier, typical of the transition from summer to winter
secason. The average surface-level wind speed was 7.1 m/s,
but was highly variable and often reaching values of
12m/s and above. However, no systematic trend in wind
speed was observed during the campaign period. It should
be noted that Maitri is located at the edge of the Antarctic
continent and hence experiences wind from both ocean
and inland, intermittently. This altering airmass has an
important effect on the aerosol, ozone and water-vapour
content over Maitri, as discussed in the following section.

Results and discussions

Daily variation in the mean AOD for the campaign period
is shown in Figure 1, for two selected wavelengths of 400
and 1058 nm. Except for the two high values recorded on
18 and 19 January, during the remaining days the values
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were in the range 0.0l to 0.1 for all wavelengths. High
values of AOD and high day-to-day variations are seen in
the extreme wavelengths of 400 and 1058 nm compared
to the intermittent region. Figure 2 shows the average
AOD spectrum obtained for the whole period. Vertical
bars over the datapoints represent the standard deviation
for that day. The high values recorded on 18 and 19
January are not included for the estimation of the average
specrum. The AOD value at 400nm is the maximum
compared to those at longer wavelengths, with a mean
value of 0036%+0018 and also exhibiting larger daily
variability. The average AOD spectrum shows distinctly
two modes, one peaking at a lower wavelength of 400 nm
or below and the other at a higher wavelength of 1058 nm
or above. This kind of feature is typical of an optically
clean region where the AOD at the visible wavelength
region is the minimum. The higher AOD at lower wave-
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Figure 1. Day-to-day variation in daily mean aerosol optical depth

(AOD) for two selected wavelengths measured over Maitri, Antarctic
during January-February 2001 (top). AOD at other wavelengths also
shows similar variation, but is not included to avoid clutter.
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Figure 2. Mean AOD spectrum for the entire campaign period. The

high AOD values obtained on 18 and 19 January (shown in Figure 1)
are not included in the mean spectrum.
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length is caused due to nucleation-mode particles, which
are of sub-micron size. These particles are produced
mainly in siru within the atmosphere by gas-to-particle
conversion mechanism from precursor gases such as ox-
ides of sulphur, nitrogen, etc. Owing to their small size,
they have a higher residence time in the atmosphere
compared to bigger particles. Also, the residence time in-
creases with increasing altitude and in the free ftropo-
sphere, these submicron particles have residence time of
the order of a few weeks to a month, sufficient to sustain
long-range  inter-continent transport from their source
origin to the polar region. Higher AOD values seen in the
longer wavelength region is produced mainly by bigger
size particles which are of local and natral origin and
composed mainly of sea-salt particles from the ocean and
dust debris from the underlying land. Shaw® has reported
a value of 0.025%£0.010 for AOD over McMurdo station
(77.85°S, 166.67°E) and 0.012£0.005 over the South
Pole for 500 nm. Herber er al’ report a value in the range
of 002 to 0025 at 1000nm during the volcanically qui-
escent period at George Forster, which is near Maitri.
Further, Herber er al’ found very little difference bet-
ween the AOD values obtained at different stations for
this wavelength. However, a higher AOD value of about
0.035 to 0.045 for 500 nm is 1rep0rnf:d9 compared to those
at stations George Forster, Mirny (67°S, 93°E), Molodez-
naya (68°S, 46°E)°.

The AOD values obtained over Maitri are lower than
those obtained over other regions, including the clean Indian
Ocean region. Figure 3 compares the mean AOD spec-
trum obtained over Maitri with those measured over other
regions, obtained from similar sun-photometer observa-
tions made on-board ship cruises. In Figure 3, coastal
India represents data collected along the west coast of
India, Indian Ocean-North represents data collected over
the Indian Ocean but north of the inter-tropical conver-
gence zone (ITCZ), the region till which the influence of

10.00 - —
—&— Coastal India
—&— Indian Ocean-MNorth
1.00 - —&— Indian Ocean-South
" ~@— Maitri
(o
o 0.10 1
<
0.01
0.00 - —
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Wavelength, nm
Figure 3. Comparison of mean AOD spectrum obtained over Maitri

with those over other regions obtained during INDOEX cruises. Verti-
cal bars represent * 1 standard deviation of the mean. See text for ex-
planation of the regions.
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continental air from the north is felt, and Indian Ocean-
South represents data collected south of the ITCZ, which
has relatively less anthropogenic influence. The data
shown are for the period January to March, similar to the
present study, but are the average for the years 1996 to
1999. AOD at all wavelengths is the lowest over Antarc-
tic and increases as we move towards the north, with the
highest value obtained near coastal India. The interesting
observation is that the increase in AOD from the pristine
polar site to the polluted site is not uniform at all wave-
lengths, which is indicative of the change in columnar
aerosol size-distribution and composition with latitude.
For example, if one compares the Maitri data with the In-
dian Ocean-South data, though AOD values are high at
all wavelengths over the Indian Ocean-South; the in-
crease is more at wavelengths longer than 400 nm, indi-
cating that the increase in the number of bigger particles
is higher than that of the smaller particles. Smaller parti-
cles have longer residence time in the atmosphere and
they are well mixed compared to coarse particles. Also,
over the Indian Ocean the concentration of sea-salt parti-
cles is more compared to that over Maitri, and this contri-
butes to the observed higher AOD at longer wavelengths.
Between the AOD spectra over the Indian Ocean-South
and the Indian Ocean-North, the major difference is in
the lower-wavelength AOD indicating an increase in the
concentration of smaller particles that are mainly trans-
ported from the continents towards the ocean. A more or
less similar shape observed in the AOD spectra over In-
dian Ocean-North and coastal India shows that the aero-
sols are well mixed in these regions, except that the
concentrations are higher in the coastal region.

The average mass concentration of the ambient aerosol
particles of size less than 10 um (denoted as PM;q parti-
cles) at Maitri for the entire campaign period was
9.14 ug/m’, with a standard deviation of 6.0 ugi’. The
relatively large variation shows the extent of the day-to-
day wvariability in the surface-level aerosol mass concen-
tration over Maitri. Of the average total mass, the coarse
particles having a size between 1 and 10um contribute
5.76 ug/m3, which is 63% of the total (Figure 4). Simi-
larly, the accumulation-mode particles having a size bet-
ween 0.1 and 1um contribute 191 ug/m3, which is 21%

1.47ug/m*

Nucleation

1.91
pgim’

Figure 4. Average mass concentration of aerosol (PMo) particles at
Maitri during the campaign period was 9.14 ug/m’, of which the coarse
particles (# > 1 um) contribute 5.76 (63%); the accumulation (0.1 <r<
1 um) particles 1.91 (21%); and the nucleation (r < 0.1 um) particles
1.47 (16%) pg/nr’.
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of the total and the nucleation-mode particles having a
size less than 0.1 um contribute 147 ug/m3, which is
16% of the total. The mass values shown are for the am-
bient measurements, meaning that they also contain water.
If we correct for the water content, the dry (0% RH)
PM; aerosol mass becomes 697 ug/m3 and at 50% RH,
it becomes 7.87 ug/m3. The major contribution to the total
aerosol mass is from the coarse particles which have lo-
cal origin, such as the sea-salt particles brought from the
nearby ocean region as well as dust from the underlying
surface. The aerosol mass concentration over Maitri is at
least an order of magnitude low compared to those in
other polluted parts of the world'®!"?. However, in com-
parison with other Antarctic stations such as McMurdo
(77°51’S, 166°40°E), the Maitri value is high. Mazzera et
al® have found average PMjo in the range 321 to
481 ug/m3 between the years 1995 and 1997, at two dif-
ferent locations over McMurdo station. Also over Mailtri,
an increasing trend is observed in the total mass value
from January to the end of February. Increase in surface-
level aerosol concentration as austral winter progresses
has also been observed by other explorers (Hall and
Wolff?!  and references therein). Hall and Wolff?!  have
explained this seasonal increase by the effect of tempera-
ture on salinity of brine formed over newly-formed sea-ice
surface. Richardson’? has demonstrated through  labora-
tory experiments that original sea-water salinity of 35%o
increases to 122%o when temperature decreases from O to
—8°C, and the surface brines formed are much better
sources of sea-salt aerosol than sea-water. Over Maitri,
the observed mass is however not monotonous,
but with substantial decrease in values during 29 January
to 2 February 2001, and on 6 February 2001. This is ex-
plained in terms of changing wind direction. Figure 5
shows wind stream line calculated from NCEP reanalysis
data for 19 and 29 January 2001. On 29 January 2001,
the wind is predominantly from the interior continent
side compared to 19 January 2001. The inland continen-
tal air brings less aerosols to the measurement site than
the wind from the ocean side, which remains the main
source of aerosols over Antarctica.

In spite of the pristine atmosphere, large day-to-day
variations in both the aerosol parameters as well as the
column concentrations of ozone and water-vapour are re-
corded over Maitri. Though the ozone and water-vapour
measurements were made to correct the AOD for the esti-
mation of the radiative forcing over Maitri, which is the
main objective of the present study, because of the large
variations observed in the column ozone and water-vapour,
it is interesting to present the results here. Figure 6 shows
the daily average values of the measured integrated verti-
cal columnar ozone and water-vapour concentrations, and
the vertical bar over datapoints are standard deviation for
that day. During the period from 3 to 11 February 2001,
an episodic decrease in the ozone concentration by about
40DU was observed from the normal background value

increase
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of about 285DU. Comparison of this observed decrease
with TOMS® satellite data revealed that the decrease was
localized mainly over the Maitri region. Atmospheric dy-
namics plays a major role in controlling the ozone concen-
tration over this region, located at the edge of the polar
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Figure 5. Wind stream line over Maitri on (a) 19 January 2001 and
(b) 29 January 2001. Marker shows the position of Maitri.
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Figure 6. Daily mean columnar ozone (a) and total precipitable wa-
ter-vapour (b) over Maitri, Antarctica. Vertical bar over datapoints
represents standard deviation for that day.
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vortex. Air back-trajectory analysis using HySPLIT24’25
model shows that during the low ozone period, airmass
came from low altitude and rose while reaching Maitri.
Figure 7 shows the five days back-trajectory ending over
Maitri on 5 February 2001. Figure 7 (top) shows the geo-
graphical location of the air parcel, whereas Figure 7
(bottom) shows its altitude variation with time. From the
three air trajectories arriving at altitudes 10, 15 and 20 km,
it is seen that the air at low altitude, which is ozone-
deficit, is replacing the ozone-rich upper air and causing
a local ozone minimum over the site. Figure 65 shows
the daily mean value of the total precipitable water-
vapour which is found to vary between 0.05 and 0.2 cm,
with high values during the period when ozone minimum
is observed. This further corroborates the earlier conclusion
that the mixing between the lower and upper atmospheric
air is responsible for the observed ozone minimum. In the
case of water-vapour, its concentration is more at lower
altitude and the vertical mixing from the airmass has re-
sulted in an increase in the total columnar content during
the above period.

Analysis of the spectral dependence of AOD provides
a rough estimation on the aerosol size-distribution and
chemical composition. Model AOD spectrum is
lated using OPAC (Optical Properties of Aerosol and
Cloud) model®® for the default values prescribed for Ant-
arctica. OPAC describes ten aerosol components that are
representative of different origins, with internally mixed
chemical composition. The components could be exter-
nally mixed to get different aerosol types. Antarctic aero-

calcu-
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Figure 7. Five days back-trajectory on 5 February 2001 over Maitri,

Antarctica. (Top) Geographical location of air parcel. (Bottom) Alti-
tude variation of air parcel with time. Height is in metre above ground
level.
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sol type in OPAC is same as that suggested by d’Almeida
et al?’, in which the major component is sulphate aero-
sol. In terms of mass, at 50% RH, sulphate contributes
91%, sea-salt accumulation 4.5% and mineral transported
45% to the total mass at the surface-level, which is about
22 ug/m3. In the OPAC model, Antarctic AOD is calcu-
lated assuming an exponentially decreasing aerosol pro-
file, with a scale height of 8km. With this default aerosol
profile and composition, the computed AOD is found to
be high at lower wavelengths compared to the observed
AOD. The mass concentration computed based on the
OPAC parameters for particles of size less than 7.5 um is
lower compared to that measured by QCM, indicating
that there is underestimation of the amount of bigger par-
ticles in the model. Also, the default Antarctic aerosol
model could not explain the observed size-distribution. In
order to have a better comparison and consistency bet-
ween the measured data and the model, using information
available on the chemical composition from earlier stud-
ies? 2% we propose modifications to the Antarctic aero-
sol model prescribed in the OPAC model (see Table 2).
The important change is to increase the concentration of
the bigger particles while reducing the amount of the
submicron (sulphate) particles. With this proposed modi-
fication, the computed AOD spectrum compares better
with measurements (Figure 8). The dashed line represents
the calculated AOD at 50% RH using the aerosol compo-
siion suggested in the OPAC model, while the continu-
ous line represents the calculated AOD for the modified
composition at 50% RH. With the new composition, the
total mass for particles of size less than 7.5 um becomes
5.6 ugm%, which is in better agreement with the meas-
ured mass value. Other aerosol properties like single
scattering albedo and asymmetry factor are calculated us-
ing Mie theory, and are further used to calculate the aero-
sol direct radiative forcing.

Radiative transfer calculations are made using SBDART"’
for plane parallel atmosphere for short wave (SW; 025 to
25um) and long wave (LW; 25 to 40um) separately,
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Figure 8. Comparison of the observed mean AOD spectrum over

Maitri with that of the OPAC model computed at 50% relative humid-
ity (broken line) and the modified composition (solid line).
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Table 2. Parameters prescribed in the OPAC model for Antarctic aerosols and suggested modifications
proposed in the present study to better explain the observed AOD spectrum and aerosol mass size-
distribution

Number density (cm™)

Suggested
Component OPAC model modification Fog (LM) G p* (g/m3)
Sea-salt accumulation mode 0.047 - 0.336 2.03 1.29
Sea-salt coarse mode - 0.015 2.82 2.03 1.29
Mineral transported 0.0053 0.1 0.5 2.2 2.6
Sulphate 42.9 0.05 0.0983 2.03 1.25

Tmod and Gare respectively, mod radius and width parameter for log normal size-distribution.

Gis density of aerosol particles.

*At 50% RH.
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Figure 9. Diurnally averaged mean aerosol direct radiative forcing

over Maitri, Antarctica for the observation period.
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same aerosol composition and amount but for different surface types
with varying surface albedo.

with and without aerosol. Long-wave calculations are
carried out till 40 um, as the solar energy above 40 um is
negligible. Hence the effect of aerosol in the excluded
range could be neglected. Wavelength resolution used in

the shorter wavelength range is 10nm, while for longer
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wavelengths it is increased to the maximum resolution
available in the model, ie. 20cm . Atmospheric profile
is constructed for February monthly mean conditions
from FNL data for the lower atmosphere and merged
with the summer sub arctic atmospheric profile. Default
vertical profile from SBDART (Ricchiazzi et al.”® and
reference therein) is used for aerosols. Calculations of ir-
radiance at the surface and the top of the atmosphere
(TOA; at 100km in this case) are done at 15 min interval
for 24h period, with and without aerosol. The aerosol ra-
diative forcing is taken as the difference between the two
estimates.

The computed 24h average aerosol radiative forcing at
the surface and TOA for SW and LW is shown in Figure
9. The forcing is positive at TOA for both SW and LW,
but at the surface it is negative for SW and positive for
LW. The net forcing is 095 W/m® at TOA and —0.83 W/n®
at the surface, with absorption of 1.78 Wim® within the
atmosphere.  Positive radiative forcing at TOA over
Maitri is due to high surface albedo, typical of the polar
region. In comparison to regions of high anthropogenic
activity, the observed aerosol radiative forcing over Ant-
arctica is low. Jayaralnan30 has reported TOA SW aerosol
forcing of about —6.9 Wim®> over coastal India, —-4.7 Wim®
over the Arabian Sea and —145W/m’ over the tropical
Indian Ocean. Satheesh®’ has found —7 Win® in SW range
and —4 W/m® total aerosol forcing over the Bay of Ben-
gal. Higgnet et al*? have found —9 W/m®> over the Atlan-
tic Ocean.

In order to study the effect of surface albedo on TOA
radiative forcing, the model computations are repeated
for sand and sea-water surfaces, keeping the aerosol cha-
racteristics and amount the same as that found over Maitri
(Figure 10). For unit AOD change, the TOA SW forcing
will change by 225Wm®, —439 Win® and —72.9 Wi’
for snow, sand and sea-water types of surfaces respec-
tively. The observed large change in the radiative forc-
ing, from a highreflective snow surface to low-reflective
water surface can be understood, as explained by Harsh-
vardhan®®  that the presence of aerosol over bright sur-
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Figure 11. Annual variation in computed SW aerosol radiative forc-
ing due to varying sun—earth geometry for a constant AOD spectrum.

faces has an overall effect of reducing the surface albedo,
while over dark surfaces it has an overall effect of enhanc-
ing the albedo. Another interesting difference in aerosol
direct radiative forcing over high-latitude regions such as

Antarctica arises due to the sun—earth geometry. Over
Antarctica, sunshine duration varies significanly from
secason to season and hence the SW aerosol radiative

forcing. The computed variation in aerosol radiative forc-
ing that arises due to varying sun—earth geometry is
shown in Figure 11 for the 15th of each month, while the
AOD is kept constant. SW radiative forcing by aerosol
varies from a positive value of 0.7 in December to -0.15
in April and August, and it becomes zero for no sunshine
days during June and July.

Conclusion

AQOD over Antarctica is low, with the average value lying
between 0.01 and 0.1 for all wavelengths during the ob-
servation period from January to February 2001. This is
lower than the value obtained earlier over clean oceanic
regions like the southern Indian Ocean. Surface-level
ambient aerosol mass concentration is also low with an
average value of 9.14 ug/m3, which when corrected for
the humidity (dry mass) becomes 697 ug/m3. Coarse-
mode particles are found to contribute about 63% to the
total mass. The dominance of coarse-mode particles is
also reflected in the obtained AOD spectrum, which is
more or less flat. Calculations of aerosol radiative forcing
show that though the optical depth values are low, they
contribute to a net positive forcing of about 0.95 W/
because of the high surface reflectance. Model computa-
tions repeated for the same aerosol amount but for differ-
ent surface types reveal that for an unit AOD change, the
TOA SW forcing values are +22.5 W/in®, —43.9 W/m® and
~72.9 Wim? respectively, for snow, sand and sea-water
types of surfaces. Another interesting observation is that

CURRENT SCIENCE, VOL. 86, NO. 2, 25 JANUARY 2004

because of the strongly varying sun—earth geometry over
the polar region, the radiative forcing exhibits strong sea-
sonal dependence, varying from a positive value of 0.7 in
December to —0.15 in April, and becomes zero during no
sunshine days in June and July.
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