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Aerosol optical depth is regularly derived from SeaWiFS and MODIS sensor and used by the scientiﬁc community in various climatic studies. In the present study an attempt has been made
to retrieve the aerosol optical depth using the IRS-P4 OCM sensor data and a comparison has
been carried out using few representative datasets. The results show that the IRS-P4 OCM
retrieved aerosol optical depth is in good agreement with the aerosols retrieved from SeaWiFS as
well as MODIS. The RMSE are found to be ±0.0522 between OCM and SeaWIFS and ±0.0638
between OCM and MODIS respectively. However, IRS-P4 OCM sensor retrieved aerosol optical
depth is closer to SeaWiFS (correlation = 0.88, slope = 0.96 and intercept = −0.013) compared to
MODIS (correlation = 0.75, slope = 0.91 and intercept = 0.0198). The mean percentage diﬀerence
indicates that OCM retrieved AOD is +12% higher compared to SeaWiFS and +8% higher compared to MODIS. The mean absolute percentage between OCM derived AOD and SeaWiFS is
found to be less (16%) compared to OCM and MODIS (20%).

1. Introduction
Aerosols are from diverse sources and are distributed in the atmosphere through mixing and transport of airmasses. Aerosols play a major role in
the earth’s radiation budget study. Therefore, measurement of aerosol is carried out all over the
world using ground and space borne sensors. Measurements and analysis of aerosol optical depth
(AOD) using ground-based instruments have been
carried out widely (Bergin et al 2000; Smirnov
et al 2000; Voss et al 2001; Porter et al 2001;
Eck et al 2001). The marine aerosol is composed
of sea salt particles formed by the evaporation of
sea spray droplets, plus the background aerosols.
Maritime aerosols are strong scatterers of solar
radiation and are important in realistic climate
modeling because two thirds of the world’s surface
is covered by ocean (d’Almedia et al 1991). Aerosol
measurements were carried out extensively during

Indian Ocean Experiment (INDOEX) and the data
have been analysed and the results have been published (Jayaraman 1999; Parameswaran et al 1999;
Krishna Moorthy et al 1999a, 1999b; Devara et al
1999). Capability of space-borne sensors for studying optical behaviour of aerosol and their limitations has been discussed in detail (Kaufman et al
1997). AOD retrieved using IRS-P4 (Das et al
2002) is compared with AOD retrieved from NOAA
and the correlation is found to be 0.92. Presently
there are many earth orbiting satellites, which
are capable of providing aerosol optical depth on
a daily basis covering the entire globe. Spaceborne sensors like SeaWiFS, MODIS and AVHRR
have provided huge amounts of data that draw
the attention of the scientiﬁc community for their
analysis and meaningful utilization in climatic
modeling. Comparison of satellite derived AOD
with ground measurement and inter-comparison of
satellite derived AOD were carried out extensively
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Table 1. Technical characteristics of IRS-P4 OCM
payload.
Spectra range
Spectral bands

404–882 nm
404–424 nm
432–452 nm
479–499 nm
502–522 nm
547–567 nm
660–680 nm
748–788 nm
847–887 nm

Spatial resolution

360 × 236 m

Sensor type
Swath

Push broom CCD
1420 km

Equatorial crossing time

12 noon

Tilt

±20◦

(Livingston et al 2000; Rajeev et al 2000; Remer
et al 2002; Myhre et al 2004, 2005; Wang et al
2005; Melin et al 2006, 2007; Kahn et al 2007; Vinoj
et al 2007). Ocean Colour Monitor (OCM) onboard
IRS-P4 consists of similar spectral bands (table 1)
like SeaWiFS and MODIS which provide data regularly. The Indian subcontinent is totally covered
in two days time with a ﬁner resolution compared
to SeaWiFS and MODIS. In the present study, an
attempt has been made to compare AOD retrieved
from OCM sensor with the AOD retrieved from
SeaWiFS and MODIS sensor.
2. Methodology
The aerosol optical depth is retrieved regularly
from SeaWiFS and MODIS data for various environmental studies. Although the magnitude of the
aerosol path radiances strongly depend on the
aerosol type and concentration, their determination and removal is conceptually straight forward.
In order to determine the AOD in the NIR region,
the ﬁrst requirement is a black pixel of ocean
surface whose reﬂectance is negligible. Since sea
water absorption is much larger than the visible
wavelength region, the NIR subsurface reﬂectance
and water-leaving radiance approach zero (Martin
2004). Calculation of subsurface reﬂectance, using
the absorption and scattering coeﬃcient of pure sea
water (Smith and Baker 1981), is plotted (Martin
2004) which clearly shows for λ > 600 nm subsurface reﬂectance approaches zero. For the 765 and
865 nm bands, this means that under most conditions, water leaving is set to zero. This is black
pixel assumption. However, in productive waters
(chlorophyll concentration > 2 mg m−3 ), the normalized water leaving radiance is estimated to
be larger than that expected for pure sea water.
However, several aspects of the NIR correction

procedure are not well understood (Siegel et al
2000). These include the assumptions that are used
to relate the NIR water-leaving reﬂectance to NIR
inherent optical properties and the modeling of
NIR inherent optical properties as a function of
chlorophyll (Siegel et al 2000). For oligotrophic
conditions the assumption of water leaving radiance in NIR band can be negligible (Siegel et al
2000). Therefore, in the present study, the AOD
over oceanic water is determined with the assumption of negligible reﬂectance in NIR band. However, for high turbid coastal waters, which contain
not only high chlorophyll but also suspended sediments, this assumption is not applicable.
A brief theoretical background and few technical
points are presented below. In the sun glint free and
cloud free region the total radiance (Lt ) received
by the satellite sensor from clear oceanic water in
the red and near infrared part can be presented as
follows:
Lt (λ) = Lr (λ) + La (λ),

(1)

where Lr and La are radiance due to Rayleigh
scattering and aerosol scattering respectively. The
water leaving radiance is considered negligible in
the red and infrared part of the electromagnetic
spectrum.
The Rayleigh scattering can be computed using
the simple analytical radiative transfer equations
(Gordon et al 1983). Then the aerosol optical depth
can be computed from La following equation:
La (θ, θo , λ) = [ωA τA Eo pA (θ, θo , λ)/4π],

(2)

pA = [[PA (Ψ− , λ) + {ρ(θ)
+ ρ(θo )}PA (Ψ+ , λ)]/ cos θ],

(3)

where pA represents the terms containing scattering phase functions for scattering angles Ψ± along
with Fresnel reﬂectance (ρ) for solar zenith angle
θo and view angle θ. The angle Ψ− in the equation
provides the contribution due to photons which are
backscattered from the atmosphere without interacting with the sea surface. The angle Ψ+ provides
the contribution due to the photons which are scattered in the atmosphere towards the sea surface
(sky radiation) and then specularly reﬂected [ρ(θ)]
from the surface into the ﬁeld of view of the sensor as well as photons which are ﬁrst specularly
reﬂected [ρ(θo )] from the sea surface and then scattered by the atmosphere into the ﬁeld of view of
the sensor. The term Eo (λ) is the instantaneous
extraterrestrial solar irradiance Eo (λ) reduced by
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Figure 1. The ﬂow chart shows brieﬂy the steps for retrieval
of AOD from the IRS-P4 (OCM) data.

two-way path through the atmospheric layer. The
scattering angles can be determined using satellite zenith, satellite azimuth angle, sun zenith and
sun azimuth angle. ωA represents single scattering albedo and τA represents AOD. Figure 1 provides brief steps for retrieval of AOD from red and
infrared sensor.
The angular distribution of molecular scattering
is expressed by the normalised scattering function
P (Ψ), more precisely single scattering phase function. Rayleigh expression for the scattering phase
function of air molecules PR (Ψ) is given by
PR (Ψ± ) =

3
(1 + cos2 Ψ± ),
4

(4)

where Ψ± = scattering angle.
For the Mie scattering functions there are no
analytical formula as there are for the Rayleigh
scattering function (Quenzel 1983). The aerosol
scattering phase function PA (Ψ± ) is approximated
by a two term Henyey–Greenstein function, i.e.,


(1 − g12 )α
PA (Ψ± ) =
(1 + g12 − 2g1 cos Ψ± )3/2




(1 − g22 )(1 − α)
,
+
(1 + g22 − 2g2 cos Ψ± )3/2


(5)

where Ψ± is scattering angles and g1 = 0.82,
g2 = −0.55 and α = 0.983 (Gordon and Castano
1987; Gregg et al 1993) are constants used to
approximate the phase function. There are various methods and formulas available in literature
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(Mishra and Nath 1999; Patt and Gregg 1994;
Eckstein and Simpson 1991; Sturm 1983; Wilson
et al 1981; Puccinelli 1976) to determine the abovementioned angles. Given a sub-satellite longitude
and latitude, and the scan and tilt angles, the earth
position of any given pixel can be calculated. The
determination of solar geometry requires additional
information of the pixel location which includes
the solar declination latitude, equation of time and
Greenwich Mean Time (GMT), etc. (Gregg et al
1993). After computation of all the required angles,
the scattering angles can be computed.
In the visible part of the electromagnetic
spectrum, radiation is aﬀected by ozone, water
vapour and oxygen absorption. Apart from the
atmospheric gases which absorb electromagnetic
radiation, aerosol also contributes to absorption
mechanism. To measure aerosol absorption, single
scattering albedo ωA is used. The single scattering
albedo is the ratio between the scattering coeﬃcient and the total extinction coeﬃcient (scattering
and absorption), i.e.,
b
ωA = ,
c

(6)

where b = scattering coeﬃcient, c = extinction
coeﬃcient.
According to equation (6) the perfectly scattering aerosol will have a single scattering albedo
(ωA ) of 1.0 and a totally absorbing aerosol will
have a zero value. The fundamental aspects of
radiative transfer theory in the atmosphere have
been explained in detail by Kaufman (1989);
Quenzel (1983); Maul (1985). The analyses of single scattering albedo over Arabian Sea and Bay of
Bengal have been carried out by few investigators
(Jayaraman 2001; Quinn et al 2002; Satheesh et al
2002; Sumanth et al 2004; Vinoj et al 2004). The
analysis shows that single scattering albedo varies
from 0.88 (polluted region) to more than 0.95 (clear
oceanic region) depending on the type of aerosol
present in the atmosphere. The single scattering
albedo value varies with type of aerosol present
in the atmosphere and with the relative humidity
(RH). The RH value over the tropical ocean varies
from 75% to more than 80% in the Northern Hemisphere (Peixoto and Oort 1996). The aerosol measurement over tropical Indian Ocean has revealed
that the weakly or non-absorbing aerosols (sea salt,
sulfate, organics and ash) amounts to 74% and
absorbing aerosols (soot and dust) amounts to 26%
(Satheesh 2002). The single scattering albedo values of standard maritime aerosols vary between
0.98 and 0.99 corresponding to relative humidity of
0% to 99% respectively (Kay and Michael 2000).
In the present study the single scattering albedo
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Table 2. IRS-P4 (OCM) bands, wavelength range, centra1 wavelength, gain factor, band
averaged extraterrestrial solar radiation.

IRS-P4
(OCM)

Wavelength
range
(nm)

Central
wavelength
(nm)
(λi )

Gain
(mWcm−2 sr−1
μm−1 )
(g)

Extraterrestrial
solar radiation
(Wm−2 μm−1 )
Ēo

Band-1
Band-2
Band-3
Band-4
Band-5
Band-6
Band-7
Band-8

404–424
432–452
479–499
502–522
547–567
660–680
748–788
847–887

414.2
441.4
485.7
510.6
556.4
669.0
768.6
865.1

49.10
28.80
23.54
22.05
18.34
14.10
06.57
10.96

1713.8
1848.0
1963.1
1883.9
1855.7
1534.4
1216.7
978.9

value is taken as unity. However, if soot and dust
are found in a signiﬁcant quantity this assumption
fails.
The ﬁrst step in IRS P4 satellite data processing
(ﬁgure 1) is to convert the satellite digital number
(DN) into its radiance values using the equation:

g(λ)
× DN (λ),
Lt (λ) =
(Maximum DN )


(7)

where Lt is the total radiance received at satellite sensor, g is the gain expressed in mW cm−2
sr−1 μm−1 (table 2). The value of Maximum DN
is the upper limit of 16 bit. While comparing the
radiance of SeaWiFS with OCM, Chouhan et al
(2003) have proposed a set of gain coeﬃcients,
which has been implemented in the present satellite
data processing.
The extraterrestrial solar irradiance Ēo and the
central wavelength (λi ) for Band-1 to Band-8 can
be calculated using the equations as follows:

[ Eo (λ)φi (λ)dλ]
,
Ēo =
wi

(8)


φi (λ)dλ,

(9)


[ Eo (λ)φi (λ)λdλ]
,
λi = 
[ Eo (λ)φi (λ)dλ]

(10)

wi =

where Eo (λ) is extraterrestrial solar irradiance, φ
is the spectral response function, wi is the spectral bandwidth as deﬁned in Wyatt (1978), i
denotes the band number. The computed values of
extraterrestrial solar irradiance (Pandya et al 2002)
and the central wavelength (λi ) are given in table 2.

The term Eo (λ) is the instantaneous extraterrestrial solar irradiance Eo (λ) reduced by two-way
path through the atmospheric layer which is determined for known satellite view (θ) and solar zenith
angle (θo ). The Eo (λ) is determined (Gregg et al
1993) from the following equation:
Eo (λ) = Eo (λ)Toz (λ, θo )Toz (λ, θ)Twv (λ, θo )
× Twv (λ, θ)Tox (λ, θo )Tox (λ, θ),

(11)

where T represents transmittance and the subscripts oz, wv and ox represent ozone, water
vapour and oxygen respectively. θo and θ are
the solar zenith angle and satellite view angle
respectively.
As already discussed, the aerosol radiance computation is based on clear water radiance assumption (Gordon et al 1983) which suggests that at
low pigment concentrations (< 0.25 mg m−3 ) the
ocean leaving radiance at red band is essentially
zero. Therefore, the clear water ocean reﬂectance of red and near infrared bands is taken as
zero.
The Rayleigh optical thickness τR decreases as
a function of the wavelength (λ) roughly as λ−4 .
The τR which is suﬃciently accurate for remote
sensing applications is given by Hansen and Travis
(1974):
τR = 0.00879λ−4 (1 + 0.0113λ−2 + 0.00013λ−4 ),
(12)
where λ is wavelength in micrometer and the
above equation is valid for a standard surface pressure of po = 1013.25 mbar. Since the air density is
proportional to the pressure p, the vertical optical thickness between the top of the atmosphere
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and a level with pressure p can be expressed by



p
.
τR (p) = τR (po )
po

(13)

The τoz (λ) can be estimated (Gordon and Evans
1994) using the equation:

τoz (λ) =

DU
1000


1000
× τoz
(λ),

(14)

1000
= ozone absorption for a concentration
where τoz
of 1000 Dubson Units (DU).
The ozone absorption coeﬃcients are taken
from Fischer and Schlussel (1990). The values of
Rayleigh optical thickness τR (λ), ozone absorption
coeﬃcient. τoz (λ) and oxygen absorption coeﬃcient
τox (λ) are taken from Pandya et al (2002); Vigroux
(1953); and Fraser (1995) respectively.
The cloud contaminated pixel of OCM over
ocean is masked by following the cloud masking
algorithm of SeaWiFS. The surface reﬂectance (ρs )
at band 8 (865 nm) is determined by subtracting
the Rayleigh scattering component alone. If this
quasi-reﬂectance exceeds 2.7%, the pixel is identiﬁed as cloud contaminated pixel. The details of the
algorithm are as follows:

ρs = (π/Eo μo to t) × (Lt /toz − Lr ),

(15)

where Lt is top-of-atmosphere radiance, Lr is
Rayleigh path radiance, Eo is solar irradiance for
the Julian day, t and to are Rayleigh diﬀuse transmittance surface to sensor and sun to surface, toz
is ozone transmittance and μo is cosine of the solar
zenith angle.
The cloud-masking algorithm for SeaWiFS
is provided in http://oceancolor.gsfc.nasa.gov/
REPROCESSING/SeaWiFS/R4/cloud/cloud−
mask− ocean.html. The discussion about the
cloud removal technique is presented in SeaWiFS
Technical Document (Robinson et al 2003). In
MODIS algorithm short wave infrared (SWIR)
bands are used for detecting clouds. The thin cirrus clouds are masked using the 1.38 and 1.24 μm
bands (Goa et al 2002). Ocean is black for turbid waters at SWIR wavelength due to much
stronger water absorption (Wang and Shi 2006).
The aerosol contribution in the SWIR band is also
signiﬁcantly lower for non-absorbing and weakly
absorbing aerosols with small aerosol particle size.
Thus using the SWIR reﬂectance threshold, the
performance of the cloud masking algorithm in the
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coastal region is much better than using the NIR
band (e.g., SeaWiFS). The threshold reﬂectance
for 1.24 and 1.64 μm are 2.35 and 2.15 respectively
for detection of clouds (Wang and Shi 2006).
The statistical analysis to compare satellite
derived AOD values is adopted from Melin et al
(2007) in terms of the mean absolute diﬀerence
(AD), mean absolute percentage diﬀerence (APD)
and the mean percentage diﬀerence (PD). The AD
and APD represent the uncertainties associated
with the measurements and PD represents bias
(Melin et al 2007). In the present analysis AD,
APD and PD are calculated as given below:

AD = (1/N )

i=N


|yi − xi |,

(16)

i=1

APD = 100 · (1/N )

i=N


(|yi − xi |)/xi ,

(17)

(yi − xi )/xi ,

(18)

i=1

PD = 100 · (1/N )

i=N

i=1

where y = OCM derived AOD, x = SeaWiFS or
MODIS derived AOD and N = number of points
compared in the analysis. The above statistical
analysis is carried out in the present study for comparison of OCM, SeaWiFS and MODIS derived
AOD values.

3. Results and discussion
The IRS-P4 OCM data of January and December,
2006 have been taken for analysis. As discussed
in the methodology, the aerosol optical depth
(AOD) at 865 nm retrieved using equations (1)
and (2). The aerosol optical depth images of SeaWiFS and MODIS are taken from the website
(http://oceancolor.gsfc.nasa.gov) for comparison.
The OCM, SeaWiFS and MODIS derived AOD
images are presented in ﬁgure 2. To compare the
AOD values the cloud free segments of the images
were taken for analysis. The comparison is carried out between each pixel of OCM and the
corresponding pixel of SeaWiFS or MODIS data
in the overlapping area. The scatter plot of the
AOD values between OCM and SeaWiFS are presented in ﬁgure 3(a–f). The statistical analysis of
the comparison of each dataset is presented in
table 3. The analysis shows that the images are
better correlated (0.93) when IRS-P4 (OCM) pass
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Figure 2.
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AOD images (865 nm) of OCM and SeaWiFS and MODIS of 18 to 21 January 2006 and 28 December 2006.

and SeaWiFS pass are closer to each other (21
January 2006, ﬁgure 2). Overall analysis shows
that the correlation coeﬃcient varies from 0.73

to 0.93 in case of OCM and SeaWiFS images.
However, to get an average statistical relationship
all the data points pertaining to ﬁve days have
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Figure 3. Scatter plot of OCM and SeaWiFS AOD values (a) 18 January 2006, (b) 19 January 2006, (c) 20 January
2006, (d) 21 January 2006, (e) 28 December 2006 and (f ) all the above ﬁve days.

Table 3. The statistical details of the comparison of AOD images of SeaWiFS and OCM for the dates 18 to 21 January
2006 and 28 December 2006.

Date of pass
18 January 2006
19 January 2006
20 January 2006
21 January 2006
28 December 2006
18, 19, 20, 21 January 2006
and 28 December 2006

Total no.
of points

Correlation
coeﬃcient

Slope

Intercept

Approximate
time diﬀerence
between the
passes (min)

1418
1330
2533
4620
1240
11141

0.73
0.84
0.88
0.93
0.89
0.88

0.86
0.84
1.03
0.97
0.97
0.96

0.014
0.027
−0.007
0.052
−0.011
−0.013

29
19
9
2
27
–

been correlated which is presented in table 3. The
coeﬃcient of correlation (0.88), the slope (0.96) and
the intercept (−0.013) shows a strong agreement
between IRS-P4 (OCM) and SeaWiFS derived
AOD. Therefore, the gap areas of SeaWiFS pass

RMSE
±0.0708
±0.0363
±0.0489
±0.0550
±0.0346
±0.0522

can be ﬁlled with the AOD values of OCM pass
using the slope (0.96) and intercept (−0.013) values obtained using all the data points (table 3). In
the present study AOD image is generated for the
date 18 January 2006 taking SeaWiFS and OCM
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Figure 4. Scatter plot of OCM and MODIS AOD values (a) 18 January 2006, (b) 19 January 2006, (c) 20 January 2006,
(d) 21 January 2006, (e) 28 December 2006 and (f ) all the above ﬁve days.

Table 4. The statistical details of the comparison of AOD images of MODIS and OCM for the dates 18 to 21 January
2006 and 28 December 2006.

Date of pass
18 January 2006
19 January 2006
20 January 2006
21 January 2006
28 December 2006
18, 19, 20, 21 January 2006
and 28 December 2006

Total no.
of points

Correlation
coeﬃcient

Slope

Intercept

Approximate
time diﬀerence
between the
passes (h)

401
511
705
1367
1231
4215

0.91
0.73
0.92
0.59
0.79
0.75

1.34
0.65
0.72
0.61
0.75
0.91

−0.151
0.068
0.025
0.075
0.014
0.0198

2.0
1.9
1.7
1.7
1.9
–

pass together, where the gap areas of SeaWiFS are
ﬁlled with OCM values (ﬁgure 5).
The scatter plot of the AOD values between
OCM and MODIS are presented in ﬁgure 4(a–f).
The details of statistical analysis are provided in

RMSE
±0.0647
±0.0691
±0.0717
±0.0425
±0.0754
±0.0638

table 4. The overall analysis has been carried out
taking all the data points and presented in table 4.
The analysis shows that the correlation coeﬃcient
(0.75), slope (0.91) and intercept (0.0198) values are also within acceptable limits. Since the
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Table 5. The mean absolute diﬀerence (AD), the mean absolute percentage diﬀerence (APD)
and mean percentage diﬀerence (PD) of the satellite derived τA (AOD) values.
Satellite
OCM (τA 865 nm) vs. SeaWiFS
(τA 865 nm)
OCM (τA 865 nm) vs. MODIS
(τA 869 nm)

No. of
points

AD

PD (%)

APD (%)

11141

0.042

+12

16

4215

0.052

+8

20

Figure 5. AOD image of SeaWiFS and AOD image generated using both SeaWiFS and OCM.

local equatorial crossing time of IRS-P4 OCM and
MODIS are 12 AM and 1:30 PM respectively and
the time diﬀerence between MODIS and OCM
passes are more compared to SeaWIFS (tables 3
and 4) the correlation is not as good as in the
case of SeaWiFS. Any change of AOD during
this time period may be one of the causes. The
mean absolute diﬀerence (AD), the mean absolute
percentage diﬀerence (APD) and mean percentage diﬀerence (PD) between the satellites derived
AOD values are presented in table 5. The OCM
derived AOD values (PD) are found to be higher
by +12% and +8% compared to the SeaWiFS and
MODIS. This indicates an overestimation of OCM
derived AOD values over SeaWiFS and MODIS.
The absolute diﬀerence (AD) is found to be less
(0.042) between OCM and SeaWiFS compared to
the AD value (0.052) between OCM and MODIS.
The absolute percentage diﬀerence (APD) shows
lower value of 16% between OCM and SeaWiFS compared to the APD value of 20% between
OCM and MODIS. This indicates that the uncertainty range is minimum between OCM and SeaWiFS derived AOD values compared to the OCM
and MODIS derived AOD values. However, inclusion of diﬀerent aerosol models in the OCM algorithm may reduce the magnitude of the uncertainty
range.
The variation of aerosol optical depth over
a short period of time was investigated by
Livingston et al (2000). The AOD over ocean
was measured for a short period (1451-1524 UTC)

using NASA Ames Research Center’s 6-Channel
Airborne Tracking Sun Photometer (AATS-6)
onboard the RV Professor Vodyanitskiy. The
onboard measurement was carried out during
NOAA-14 overpass along with aircraft measurements. The analysis shows that the magnitude
of the diﬀerence between mean AOD values was
about 0.05 at all wavelengths during a time
span of 20 minutes (Livingston et al 2000).
In another study, comparison between SeaWiFS
(865 nm band) and MODIS (869 nm) derived
AOD values shows a diﬀerence of 0.021 over
an approximate time diﬀerence of ∼ 2 h between
the passes (Melin et al 2007). The temporal
separation between the respective overpasses and
the atmospheric dynamics introduces unavoidable
diﬀerences (Melin et al 2007).
Though the images of OCM and SeaWiFS
(21 January 2006) are in good agreement, there is
variation near cloud periphery and open oceanic
region. Similarly, the images of OCM and SeaWiFS
pertaining to 20 January show variation near cloud
periphery. The AOD values of OCM are found to be
more below Gujarat coast compared to SeaWiFS
(18 January 2006) and the time diﬀerence between
the two passes is 28 minutes approximately. However, these diﬀerences between the AOD values
cannot be attributed to any single factor at the
present stage. The following paragraphs, explain
the most probable factors that may be responsible
for the diﬀerences.
The AOD values are more near the cloud periphery. This is a very complex phenomenon to
explain. Relative humidity is frequently higher
close to clouds than in clear sky, and thus AOD
may be higher closer to clouds (Myhere et al 2005).
On the other hand, clouds also wash out aerosols,
reducing the AOD close to the clouds. However,
in which way AOD varies close to clouds should
be investigated further, since there could be large
regional variations and diﬀerences between cloud
types and aerosol types (Myhre et al 2005).
Observations of aerosol optical depth over tropical Indian Ocean show that AOD increases with
increasing sea surface wind speed following an
exponential relationship (Satheesh et al 2002). An
increase in the relative humidity increases the size
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of many aerosol particles, changing their chemical composition and refractive index (Kay and
Box 2000). In aerosol components that consist
mainly of sea-salt particles or contain water-soluble
substances (e.g., marine aerosol, sulphates, and
nitrates), there is a signiﬁcant amount of growth
with increasing relative humidity (Kay and Box
2000). Because of diﬀerent sizes and chemical compositions, aerosol particles have a wide range of
lifetimes in air varying from minutes to hours, days
to weeks and months to years (Seinfeld et al 1996).
However, in the present study there is paucity
of sea truth data to analyze the diﬀerences of
AOD values with respect to physical and chemical
factors.
Aerosol remote sensing from space is a complicated task involving a wide range of physical
processes (Myhre et al 2005) that must be taken
into account. Issues related to cloud screening are
particularly important (Myhre et al 2005). In many
retrievals, the cloud screening is not strict enough
resulting in AOD being contaminated by clouds.
On the other hand, it also appears that some
aerosol retrievals are too strict, i.e., high aerosol
loadings are classiﬁed as clouds and thus no aerosol
information is retrieved (Myhre et al 2005). There
are examples of aerosol retrievals adopting upper
threshold values for AOD in an eﬀort to avoid cloud
inﬂuence (Myhre et al 2005).
In the present study, cloud periphery shows
high values of aerosol particularly in the case
of SeaWIFS (ﬁgure 2). Since MODIS is having SWIR bands the result of cloud screening
is found to be better. Therefore, it is essential
to have a SWIR sensor along with ocean colour
sensor to discriminate the clouds over ocean
surface.
The SeaWIFS algorithm uses 12 aerosol models comprising oceanic (O99), maritime (M50,
M70, M90 and M99), coastal (C50, C70, C90
and C99) and tropospheric (T50, T90 and T99)
types for retrieval of AOD (Wang et al 2005).
Also SeaWiFS algorithm has accounted for the
ocean contributions at the NIR bands for the
productive ocean waters (Wang et al 2005).
The standard MODIS algorithm is based on
a ‘look-up table’ approach i.e., radiative transfer calculations are pre-computed for a set
of aerosol and surface parameters and compared with the observed radiation ﬁeld. The
details of the algorithms are found in (http://
modis.gsfc.nas.gov/data/atbd− mod02.pdf). However, in this study MODIS derived AOD
using SeaWiFS algorithm (http://oceancolor.gsfc.
nasa.gov) was used for comparison. As discussed
in the methodology, the OCM data processing
assumes oceanic/maritime aerosol type and negligible water leaving radiation in NIR band. These

diﬀerent approaches may also contribute to these
small variations of AOD.
In an earlier study, satellite derived AOD values
are compared with each other during the period
September 1997 to December 2000 (Myhre et al
2005) and signiﬁcant diﬀerences in AOD have been
identiﬁed in most of the oceanic region. The most
likely factors responsible (Myhre et al 2005; Wang
et al 2005) for this variation is: instrument design,
sensor calibration, algorithm performance, radiative transfer modeling, cloud masking, sun glint
masking. Among the other factors, diﬀerent equatorial passing time is also important (Myhre et al
2005).
However, the present analysis shows that AOD
retrieved by OCM (with RMSE of ±0.0522 with
SeaWIFS and RMSE of ± 0.0638 with MODIS) can
be used along with AOD retrieved from SeaWIFS
and MODIS for monitoring the variations of AOD
over the oceanic region.
The satellite derived AOD is estimated from
scattered solar radiation reaching at the satellite
sensor. The amount of scattered light depends on
factors like single scattering albedo which is a function of aerosol type and relative humidity, scattering phase function which depends on particle size.
The above two parameters are not readily available. Therefore, the satellite data are processed
with an assumption (e.g., OCM derived AOD)
or using diﬀerent aerosol models (e.g., SeaWiFS
and MODIS derived AOD). In the latter case, the
value of AOD which is providing the least error
is retained. The Mie theory designed for spherical particles forms the basis for computation of
the main aerosol radiative characteristics. To simplify matters, the particle shape is usually assumed
to be spherical (d’Almeida 1987). The scattering
function of any atmospheric aerosol type can be
computed if the size distribution and the intensity
eﬃciency of aerosol particles are known (Koepke
and Hess 1988). However, by neither experiment
nor calculation is it possible to model the large
variability of natural aerosol particles. Thus each
model used to describe the particles shape will
only be a compromise (Koepke and Hess 1988).
In the present study, the Henyey–Greenstein function is used to determine the aerosol scattering
phase function for marine aerosol type (Gordon
and Castano 1987; Gregg et al 1993). However,
there is a future scope to include diﬀerent aerosol
models in the AOD retrieval algorithm of IRS-P4
OCM sensor.
4. Conclusion
The above study shows that the aerosol retrieved
by OCM, SeaWiFS are in close agreement. Since
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the equator crossing time of OCM and SeaWiFS
is more closer (12 A.M.) the AOD values retrieved
by these two satellites are more closer compared to
AOD retrieved by MODIS which crosses the equator at 1:30 p.m. local time. The IRS-P4 (OCM)
retrieved AOD values can be used to ﬁll up the
gap areas in AOD images of SeaWiFS. The OCM,
SeaWiFS and MODIS AOD images can be used
to study the variation of marine aerosol over short
intervals of time. In the future analysis, the inclusion of diﬀerent aerosol type models in the processing algorithm of OCM will improve the present
uncertainty range.
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