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Aerosol characteristics and aerosol radiative
forcing over Maitri, Antarctica
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Physical Research Laboratory, Ahmedabad 380 009, India

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 sa-
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 7mg/m?® for the
PM.o 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 mm, 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 using air
back-trajectory analysis. Estimation of aerosol radia-
tive forcing over Maitri reveals a positive forcing of
0.95W/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—earth geometry, typical of a polar region,
even if we assume a constant aerosol amount through-
out theyear.

AEROSOLS are tiny paticles of different chemicd com-
position, suspended in ar for a duration ranging from a
few hours to a few days. Aerosols can impact the earth's
weether and cdimae by dteing the eath's radiaion
budget mainly through scattering and absorbing the solar
radiation and to a lesser extent, by absorbing the out-
ging terestrid long-wave radigion. The high spatid and
temporad variations of the agrosol concentration and their
physcad and chemicad propeties make it difficult to assess
quantitatively, the exact impact on cdimate. However,
fidld experiments such as the Indian Ocean Experiment'
(INDOEX), the Tropospheric Aerosol Radiaive Forcing
Experimen? and Aeosol  Characterization  Experiment®
help to get the necessary data over a specific region and
season, which are useful for modd impact andyss. Over
continents the amount of aerosol is generdly lage com-
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paed to the interior ocean region because the paticles
are produced both due to natura processes such as wind-
blown dugt, accidenta foret-fires, etc. as wel as due to
manrmade activities such as indudries, vehicular traffic
and biomass-burning. Over the ocean it is manly the sea
sdt paticles produced by bresking of ar bubbles by sur-
face winds and to a lesser extent, sulphate particles produ-
ced from dimethyl sulphide emitted by phytoplanktons.
Severa recent studies™®® conducted over the ocean sur-
rounding peninsular India as wel as over some sdected
locations in the Indian manland show high aerosol radia-
tive forcing, which is a messure of the net reduction or
increese in the amount of surfacereaching or outgoing
rdiation flux due to totd columnar aerosol burden.
There are dso results”’ showing that radiation is absor-
bed within the amosphere by particles such as soot.
However, the Antarctic region is unique. In the absence
of any mgor locd aerosol source, the ar is generdly
prigine and is only influenced by the long-range trans
port of sub-micronsize 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
paticles found in the Antarctic and to etimate their ra
digive forcing. In the last few decades there has been a
condgderable increese in  anthropogenic activities both in
developed and developing naions, which is responsible
for an ovedl increese in the aerosol burden around the
giobe Aeosol and radigiveforcing dudies over dtes
such as Antactica will hdp in edimating the back-
grouncHlevel aerosol  forcing over a pridine dte, which
could be compared with results obtained over polluted
regions. Also, such a sudy hdps in edtablishing a data
base that could be used in future for sudying the long-
teem impact of continuous human activities in increesing
the background-level aerosol  concentration.  Fectors  like
high suface dbedo and unique solar insolaion cycle
over Antarctica dso make the study an interesting one
The present fidd sudy made a the permanent Indian
Antarctic  Station, Maitri  (70.77°S, 11.73°E) during the
20th Indian Antarctic Expedition provides the continuity
to aerosol opticd-depth messurements made over Antarc-
tica by other groups™!. Also, by induding results on
aerosol  gzedidribution  and  radidive-transfer  analysis,
additiona information is provided which is of use to
globd dimate-change study.
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Experiment

The 20th Indian Antarctic expedition was launched from
Goa on 28 December 2000. The team arived a& 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 meesure the aerosol optica depth and
a quartz crystd microbdance (QCM) cascade impactor was
used to messure the surfacelevd aerosol  mass-concen
tration and dSze-digribution. Measurements of  columnar
ozone and water-vapour were carried out usng Microtops-
.

Aerosol optical depth

Aerosol opticd depth (AOD) is a messure of the atenua
tion of direct solar radiation that occurred while passing
through the amosphere containing aerosols. It criticaly
depends upon the amount, size-distribution and chemicd
composition of agrosols. AOD information can readily be
ued to edimate the aerosol radiative forcing. A hand-hdd
sunphotometer, built in-house a the Physcd Ressarch
Laboratory (PRL), Ahmedabad has been used for AOD
measurements.  Opticd  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
(1) =1g(1)e™, where | and 1, are the instantaneous solar
irradiances a the surface and top of the atmosphere, mis
rdaive armess and t is the tota optical depth. t(l)=
ty(l) + tay(l) +tol), where t, is the aerosol optice
depth, tr, is opticd depth due to Rayleigh scattering by
ar molecules ad t is the opticd depth due to molecu-
lar absorption. | is the quantity which is measured using
the sun photometer, while other quantities are to be cd-
culated. 1o is etimaed usng the standard Langley plot
technique™® in which the logaithm of the photometer
output is plotted against armass and extrgpolated to
‘zer0’ armass. The armass, m is a function of solar zenith
angle and is cdculaded usng astronomicd formulae and
corrected for amospheric refraction as well as the earth's
curvature effect™. t,, is esimated for the polar summer
amosphere usng the Raylegh scatering cross-section
cdoulated following Nicolet™. t., is dso corrected for
the actua amospheric-pressure variation obsarved over
the dte, which varied between 967.1 and 994 mbar. This
corresponds to a variation of about 0.01 in the short wave
opticd depth and less a higher wavdengths. Prior to and
after the expedition, the interference filters were cdibra
ted in-house for changes, if any, in the filter-transmission
characteriics and are included in the computation of the
opticd depth due to molecular gases. Important gases re-
sponsible for absorption in the wavdength region used in
the present study are ozone, water-vgpour and Oxygen.
Opticd depth due to these gases is cdculated using the
SBDART®® (Santa Babara Discrete ordinate  Atmosphe-
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ric Radiative Transfer) model which is based on the low-
resolution band models devdoped for the LOWTRAN 7
amospheric  trangmisson code. Totd columnar  concen-
tration of ozone and water-vapour was messured using
Microtops-Il, and used to obtain the opticd depths due to
ozone and water-vapour absorptions. For oxygen, sum-
ma-time pola mode amosphere vaues ae used. The
edimated opticd-depth values due to Rayleigh scatering
and molecular absorptions for the mean condition are
given in Table 1. Messurements were made a five wave
length regions centred aound 400, 497, 668, 875 and
1058nm with a typicd bandwith of 10nm a approxi-
mately 15min interva, whenever clouds are not obscur-
ing the sun or are not in the vicinity of aout 30 degrees
aound the sun. A total of about 220 measurements were
made for each wavdength region during the campaign
period.

Aerosol mass concentration

A QCM, Cdifornia Measurements Inc, USA is used to
meesure the mass sze-digtribution of aerosols at the surface
level. Details of the ingrument and its working principle
cen be found in Wallace and Chuen'®. The insrument has
10 dages with each dage sendtive to a specific sze
range of paticles The radii a which the collection effi-
dency is maximum are 864, 4.26, 224, 108, 055, 0.29,
0.16, 0.07 and 0.03mm respectively, for the stages 2 to
10 and the respective full width a hdf maximum
changes from about 7 to 0.03nmm. The ingtrument was
kept around 225m away in a wooden hut, in a northward
direction from the man dation to avoid contamination
from any locdized sources such as power generator, Kkit-
chen, ec. Air sample was drawn a a height of 2m from
the ground leve. The sampling arangement is configured
veticdly such that there is negligible loss of paticles
within the sampling tube. About 3 to 4 measurements
were teken every day. Prior to the darting of the mees
urement, drift if any, in the crystd frequency was che
cked each day, and was found to be negligble and
random. No specid correction has been done for this
variation. Error in the measurement of total mass is edti-
mated to be within 25%, found earlier by simultaneoudy

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

Central wavelength

of filter (nm) tray to, th,0 to,+Ny)
400 0.3778 ~10° 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 insrument with others like Anderson im-
pactor”.

Columnar O; and H,O concentrations

Microtopsll  sun-photometer, manufectured by Solar
Light Co, USA is used for direct messurements of the
column concentrations of ozone and water-vapour. The
indrument mesasures direct solar radiation intendty at
five goectra bands, viz. 300, 3055, 3125 940 and
1020nm. The firg three UV channd data are used for the
edimation of the totd columnar concentration of ozone,
expressed in Dobson Unit (DU), which is the equivaent
thickness of pure ozone layer a <tandard pressure and
temperature.  The totd precipitable column  water-vapour
concentration is caculated from the radiation messure
ments a 940nm (having water-absorption pesk) and
1020nm (no absorption by water). The accuracy of the
ozone and waer-vgpour measurements is better than 2%.
More deals of the instrument and measurement accu-
racy can befound in Moryset al .*’.

Meteorological conditions

Routine meteorological obsarvaions were made a  the
ste. Additiond data necessary for cdculation of ar back-
trgectory andyds, ec. were obtaned from Air Resource
Laboratory (ARL) and NOAA-CIRES Climae Diagno-
gics Center, USA. The daly mean ar temperaure a
Maitri during the campaign period was in the range of 0
to —-10°C, with an average vdue of —-3°C. A decreasng
trend in daly mean temperaure is observed from January
to February, with cloudy days recording lower tempera
ture than the mean trend. The reaive humidity (RH) is
found to be aound 78+ 7%, with a decreasing trend
from January to February. Decreasing trends observed a
both temperature and RH ae indicative of the ar becom-
ing drier, typicd of the trandtion from summer to winter
seeson. The average surface-levd wind speed was 7.1/,
but wes highly vaiable and often reaching vaues of
12m/s and above. However, no systematic trend in wind
gpeed was observed during the campaign period. It should
be noted that Maitri is located a the edge of the Antarctic
continent and hence experiences wind from both ocean
and inland, intermittently. This dtering armass has an
important effect on the aerosol, ozone and water-vapour
content over Maitri, as discussed in the following section.

Results and discussions

Dally vaiaion in the mean AOD for the campaign period
is shown in Fgure 1, for two sdected wavdengths of 400
and 1058 nm. Except for the two high vaues recorded on
18 and 19 January, during the remaining days the vaues
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were in the range 001 to 0.1 for dl wavdengths. High
vadues of AOD and high day-to-day variaions are seen in
the extreme wavelengths of 400 and 1058 nm compared
to the intermittent region. Figure 2 shows the average
AOD gpectrum obtaned for the whole period. Vertica
bars over the datapoints represent the standard deviation
for that day. The high vaues recorded on 18 and 19
January are not included for the edimation of the average
spectrum. The AOD vaue a 400nm is the maximum
compared to those a longer wavdengths with a meen
vdue of 0036+0018 and dso exhibiting larger daly
vaiability. The average AOD spectrum shows distinctly
two modes, one pesking & a lower wavdength of 400 nm
or bdow and the other a a higher wavdength of 1058 nm
or aove This kind of fegure is typicd of an opticaly
cdean region where the AOD a the vishle wavedength
region is the minimum. The higher AOD a lower wave
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Figurel. 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.

0.06
—a— Maitn, Jan-Feb 2001

0.04
(]
Q
b

0.02 -

U Y . P e N .
300 500 T00 900 1100

Wavelength, nm
Figure2. 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 nucdegtion-mode particles, which
ae of sub-micron sSze These paticles ae produced
mainly in situ within the amosphere by gasto-paticle
conversion mechanism from precursor geses such as ox-
ides of sulphur, nitrogen, etc. Owing to their smdl dSze
they have a higher resdence time in the amosphere
compared to bigger paticles Also, the residence time in-
creases with increesing dtitude and in the free tropo-
sphere, these submicron particles have resdence time of
the order of a few weeks to a month, sufficient to sugtain
long-range inter-continent  transport  from  their  source
origin to the polar region. Higher AOD vadues seen in the
longer wavelength region is produced manly by bigger
sze paticles which ae of locd and naturd origin and
composed mainly of seasdt paticles from the ocean and
dust debris from the underlying land. Shan® has reported
a vdue of 0025+0.010 for AOD over McMurdo dation
(77.85°S, 166.67°E) and 0012+ 0005 over the South
Pole for 500 nm. Herber et al.® report a vaue in the range
of 002 to 0025 a 1000nm during the volcanicdly qui-
exent peiod a George Forgter, which is near Maitri.
Further, Herber et al’ found very little difference bet-
ween the AOD vaues obtained a different Sations for
this wavdength. However, a higher AOD vdue of about
0035 to 0.045 for 500 nm is reported® compared to those
a staions George Forster, Mirny (67°S, 93°E), Molodez-
naya (68°S, 46°E)®.

The AOD vdues obtaned over Maitri are lower than
those obtained over other regions, including the clean Indian
Ocean region. Figure 3 compares the mean AOD oec-
trum obtained over Maitri with those mesasured over other
regions, obtaned from dgmilar sun-photometer observa
tions made on-board ship cruises In Fgure 3, coastd
India represents data collected dong the west coast of
India, Indian Ocean-North represents data collected over
the Indian Ocean but north of the inter-tropica conver-
gence zone (ITCZ), the region till which the influence of

s
—— Coastal India
—— Indian Ocean-North
1.00 — —k— Indian Ocean-South
E == Maitri
Q 010
0.01 -
000 +—m—— o e |
300 a00 T00 200 1100

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 ar from the north is fdt, and Indian Ocean
South represents data collected south of the ITCZ, which
has rdativdy less anthropogenic influence. The ddaa
shown are for the period January to March, smilar to the
present study, but are the average for the years 1996 to
1999. AOD a dl wavelengths is the lowest over Antarc-
tic and increases as we move towards the north, with the
highest vaue obtained near coastd India The interegting
observation is that the increese in AOD from the pristine
polar site to the polluted ste is not uniform a al wave
lengths which is indicative of the change in columnar
aerosol  szedigribution and compostion  with  latitude.
For example, if one compares the Maitri data with the In-
dian Ocean-South data, though AOD vdues ae high a
adl wavdengths over the Indian Ocean-South; the in-
creese is more & waveengths longer than 400 nm, indi-
cding that the increese in the number of bigger paticles
is higher than that of the smdler paticles Smaler parti-
cdes have longer resdence time in the amosphere and
they ae wdl mixed compared to coarse particles. Also,
over the Indian Ocean the concentration of seasalt parti-
cles is more compared to that over Maitri, and this contri-
butes to the observed higher AOD a longer waveengths.
Between the AOD spectra over the Indian Ocean-South
and the Indian Ocea+North, the mgor difference is in
the lower-wavedength AOD indicating an increese in the
concentration of smdler paticles that ae manly trans-
ported from the continents towards the ocean. A more or
less smilar shape obsarved in the AOD spectra over In-
dian Ocea+North and coagtd India shows that the aero-
sls ae wdl mixed in these regions except that the
concentrations are higher in the coasgtd region.

The average mass concentration of the ambient aerosol
paticles of sze less than 10nm (denoted as PMq parti-
cdes) a Matri for the entire campaign period was
914nyn?, with a standad deviaion of 60nyn. The
relatively large variation shows the extent of the day-to-
day vaidbility in the surfacelevd agrosol mass concen-
tration over Maitri. Of the average totd mass, the coarse
paticles having a sze between 1 and 10nm contribute
576 nyh?, which is 63% of the totd (Figure 4). Simi-
laly, the accumulaion-mode particles having a size be-
ween 01 and 1mm contribute 1.91 nym®, which is 21%

1.4 :'r|,|,g."rr|j

Mucleation

Accumulation

1.091 @
pgim?

Figure 4. Average mass concentration of aerosol (PM1o) partidesa
Maitri during the campaign period was 9.14 ng/m®, of which the coarse
particles (r > 1 mm) contribute 5.76 (63%); the accumulation (0.1<r<
1 mm) particles 1.91 (21%); and the nucleation (r < 0.1 nm) particles
1.47 (16%) ng/m®.
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of the totd and the nudedtion-mode patides having a
sze less than 0.1nm contribute 147 ngm®, which is
16% of the totd. The mass vaues shown are for the am-
bient measurements, meaning that they aso contan waer.
If we correct for the waer content, the dry (0% RH)
PM., agrosol mass becomes 697 nyn® and a 50% RH,
it becomes 7.87 ng®. The magjor contribution to the total
aero0l mass is from the coase paticles which have lo-
cd origin, such as the seardt particles brought from the
nearby ocean region as wdl as dugt from the underlying
aurface. The agrosol mass concentretion over Maitri is &t
leet an order of magnitude low compared to those in
other polluted parts of the world®®°. However, in com-
parison with other Antarctic staions such as McMurdo
(77°514S, 166°40€E), the Maitri vdue is high. Mazzera et
al?® hae found average PMy, in the range 321 to
481 nyn® between the years 1995 and 1997, a two dif-
ferent locations over McMurdo dation. Also over Maitri,
an increesng trend is observed in the totd mass vaue
from January to the end of February. Increase in surface
level aerosol concentration as austrd  winter progresses
has dso been obsaved by other explorers (Hdl and
Wolff?! and references therein). Hdl and Wolff! have
explaned this seasond increese by the effect of tempera
ture on <dinity of brine formed over newly-formed sesrice
suface  Richardson?® has demonstrated  through  laborar
tory experiments that origind searwater sdinity of 35%o
increases to 122%o. when temperature decreases from O to
—8°C, and the suface hrines formed ae much better
ources of seasdt aerosol than seawater. Over Maitri,
the observed mass increese is however not monotonous,
but with subgantia decrease in values during 29 January
to 2 February 2001, and on 6 February 2001. This is ex-
planed in tems of changing wind direction. Figure 5
shows wind dream line cdculaed from NCEP reandysis
data for 19 and 29 January 2001. On 29 January 2001,
the wind is predominantly from the interior continent
sde compared to 19 January 2001. The inland continen-
ta ar brings less aerosols to the measurement ste than
the wind from the ocean dde, which remains the man
source of aerosols over Antarctica

In spite of the pristine amosphere, large day-to-day
vaidions in both the aerosol parameters as wdl as the
column concentrations of ozone and water-vgpour are re-
corded over Maitri. Though the ozone and water-vapour
meesurements 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
vaidions observed in the column ozone and water-vapour,
it is interesting to present the results here. Figure 6 shows
the dally average vdues of the measured integrated verti-
cd columnar ozone and water-vgpour concentrations, and
the veticd bar over datgpoints are standard deviation for
that day. During the period from 3 to 11 February 2001,
an episodic decresse in the ozone concentration by about
40DU was obsaved from the normd background vaue
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of about 285DU. Comparison of this observed decrease
with TOMS?® saellite data reveded that the decresse was

locdized mainly over the Maitri region. Atmospheric dy-
namics plays a mgor role in controlling the ozone concen-
tration over this region, located a the edge of the polar
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Figure5. 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-trgectory anaysis using HySPLIT?42°
modd shows that during the low ozone period, armass
cane from low dtitude and rose while reaching Maitri.
Figure 7 shows the five days back-trgectory ending over
Maitri on 5 February 2001. Figure 7 (top) shows the geo-
grgphica location of the ar pacd, wherees Figure 7
(bottom) shows its dtitude variation with time. From the
three ar trgectories ariving at dtitudes 10, 15 and 20 km,
it is seen that the ar a low dtitude, which is ozone-
deficit, is replacing the ozonerich upper ar and causing
a locd ozone minimum over the ste Fgure 6b shows
the daly mean vadue of the totd precipitable water-
vagpour which is found to vary between 0.05 and 0.2.cm,
with high vadues during the period when ozone minimum
is observed. This further corroborates the earlier conclusion
that the mixing between the lower and upper amospheric
ar is respongble for the observed ozone minimum. In the
cae of waer-vgpour, its concentration is more a lower
dtitude and the veticd mixing from the armess hes re-
aulted in an increese in the totd columnar content during
the above period.

Anadyss of the spectrd dependence of AOD provides
a rough edimation on the aerosol sze-didtribution and
chemicd compostion. Modd AOD spectrum is cadcu-
laed usng OPAC (Opticd Propertties of Aerosol and
Cloud) modd?® for the default vaues prescribed for Ant-
actica OPAC describes ten aerosol components that are
representative  of  different  origing, with internaly mixed
chemicd compostion. The components could be exter-
naly mixed to get different aerosol types. Antarctic aero-
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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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0l type in OPAC is same as that suggested by d' Almeda
et al.?’, in which the mgor component is sulphate aero-
s0l. In tems of mass, a 50% RH, sulphate contributes
91%, searsdt accumulation 4.5% and minerd transported
45% to the total mass at the surfaceleve, which is about
22nmynT. In the OPAC modd, Antarctic AOD is cacu-
laed assuming an exponentidly decreasing aerosol  pro-
file, with a scde height of 8km. With this default aerosol
profile and compostion, the computed AOD is found to
be high a lower wavelengths compared to the observed
AOD. The mass concentration computed based on the
OPAC paameters for paticles of size less than 7.5mm is
lower compared to that measured by QCM, indicating
that there is underestimation of the amount of bigger par-
ticdes in the modd. Also, the default Antarctic aerosol
modd could not explan the observed szedistribution. In
oder to have a better comparison and consistency bet-
ween the messured data and the modd, using information
avaldble on the chemicd compodtion from ealier sud-
ies?®?829 \we propose modifications to the Antarctic aero-
0l modd prescribed in the OPAC modd (see Table 2).
The important change is to increese 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 messurements (Figure 8). The dashed line represents
the cdculaed AOD a 50% RH using the aerosol compo-
stion suggested in the OPAC modd, while the continu-
ous line represents the caculaled AOD for the modified
compostion a 50% RH. With the new composition, the
totd mass for particles of sze less than 7.5mm becomes
56nmym >, which is in better agreement with the mees-
ured mass vaue Other agrosol propeties like dngle
scattaing dbedo and asymmetry factor are cdculated us-
ing Mie theory, and are further used to cdculae the aero-
<ol direct radiative forcing.

Radiative transfer caculations are made using SBDART™®
for plane padld amosphere for short wave (SW; 0.25 to
25mm) and long wave (LW; 25 to 40mm) separaely,
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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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Table2. 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 Imod (M) s r* (g/m°)
Sea-salt accumulation mode 0.047 - 0.336 2.03 1.29
Searsalt coarse mode - 0.015 2.82 2.03 1.29
Mineral transported 0.0053 0.1 0.5 22 2.6
Sulphate 42.9 0.05 0.0983 2.03 1.25

I'mod and s are respectively, mod radius and width parameter for log normal size-distribution.

sisdensity of aerosol particles.
*At 50% RH.
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Figure 9. Diurnaly averaged mean aerosol direct radiative forcing
over Maitri, Antarctica for the observation period.
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Figure 10. Variation in computed aerosol radiative forcing for the
same aerosol composition and amount but for different surface types
with varying surface albedo.

with and without aerosol. Long-wave cdculdions ae
caried out till 40mm, as the solar energy above 40nm is
negligible  Hence the effect of asrosol in the excuded
range could be neglected. Wavdength resolution used in
the shorter wavelength range is 10nm, while for longer
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wavelengths it is increased to the maximum resolution
avdlable in the modd, ie 20cmt. Atmospheric profile
is condructed for February monthly mean conditions
from FNL daa for the lower amosphere and merged
with the summer sub arctic amospheric profile  Default
verticd profile from SBDART (Ricchiazzi et al.’® and
reference therein) is used for agrosols. Cdculaions of ir-
radiance a the surface and the top of the amosphere
(TOA; @& 100km in this cass) ae done a 15min interva
for 24h period, with and without aerosol. The aerosol ra
digive forcing is taken as the difference between the two
estimates.

The computed 24h average agrosol radidtive fordng a
the surface and TOA for SW and LW is shown in Fgure
9. The forcing is podtive & TOA for both SW and LW,
but a the surface it is negaive for SW and positive for
LW. The net forcing is 0.95Win? at TOA and —0.83 Win?
a the suface, with absorption of 178 Win? within the
amosphere.  Posdtive radiative forcing a TOA  over
Maitri is due to high surface abedo, typicd of the polar
region. In compaison to regions of high anthropogenic
activity, the observed aerosol radiative forcing over Ant-
actica is low. Jayaraman® has reported TOA SW agrosol
fordng of about —69Win? over coastd India —4.7 Wit
over the Arabian Sea and —145Win? over the tropicd
Indian Oceen. Satheesh®™ has found —7Win? in SW range
and —AWIn? totd aerosol forcing over the Bay of Ben
od. Higgnet et al.®* have found —-OWn? over the Atlan
tic Ocean.

In order to study the effect of surface abedo on TOA
radigtive forcing, the modd computations are repeated
for sand and searwater surfaces, kesping the aerosol cha
racteriics and amount the same as that found over Maitri
(Figure 10). For unit AOD change, the TOA SW forcing
will change by 25Win?, —439Wih? and —72.9 Win?
for snow, sand and seawater types of surfaces respec-
tivdy. The observed large change in the radiaive forc-
ing, from a highreflective snow surface to low-reflective
water surface can be understood, as explained by Harsh-
vadhan®® 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 ovedl dfect of reducing the surface abedo,
while over dark surfeces it has an overdl effect of enhanc-
ing the abedo. Another intereting difference in aerosol
direct redigive forcing over high-latitude regions such as
Antarctica arises due to the sun—eath geometry. Over
Antarctica, sunshine duration varies dgnificantly  from
$eon to seeson and hence the SW  agrosol  radiative
fordng. The computed variation in aerosol radiative forc-
ing tha aises due to vaying sun—eath geometry is
shown in Fgure 11 for the 15th of each month, while the
AOD is kept congant. SW radiative fordng by aerosol
vaies from a postive vaue 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

AOD over Antactica is low, with the average vaue lying
between 001 and 0.1 for dl waveengths during the ob-
servation period from Jenuary to February 2001, This is
lower than the vaue obtained ealier over clean oceanic
regions like the southern Indian Oceen. Surfaceleve
ambient aerosol mass concentretion is dso low with an
average vdue of 914ngn®, which when corrected for
the humidity (dry mass) becomes 6.97nyn®. Coarse
mode paticles are found to contribute about 63% to the
totd mass. The dominance of coarsemode paticles is
dso reflected in the obtaned AOD spectrum, which is
more or less fla. Caculdions of agrosol radiative forcing
show that though the optical depth vaues are low, they
contribute to a net postive forcing of about 0.95Wint
because of the high surface reflectance. Modd computa
tions repegted for the same aerosol amount but for differ-
ent surface types reved that for an unit AOD change, the
TOA SW forcing vaues are +225Win?, —439Winf? and
—729Win? respectively, for snow, sand and sea-water
types of surfaces. Another intereting observation is that

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

because of the srongly varying sun—eath geometry over
the polar region, the radiative forcing exhibits strong sea
sond dependence, varying from a podtive vaue of 0.7 in
December to —0.15 in April, and becomes zero during no
sunshine daysin June and July.
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