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Abstract

The present study focused on understanding the variability of Optically Active substances
(OAS) and its effect on the spectral remote sensing reflectance (R;s). Further, the effect of
atmospheric correction schemes on retrieval of chlorophyll a (Chla) from satellite data
was also analyzed. The OAS considered here are Chla, Coloured Dissolved Organic Matter
(CDOM) and Total Suspended Matter (TSM). The satellite data from Moderate Resolution
Imaging Spectroradiometer-Aqua (MODISA) was used for this study. The two
atmospheric correction schemes considered were: Multi-scattering with 2-band model
selection NIR correction (hereon referred as "A1") and MUMM correction and MUMM
NIR calculation (hereon referred as "A2"). The default MODISA bio-optical algorithm
(OC3M) was used for the retrieval of Chla. Analysis of OAS showed that Chla was the
major light absorbing component with highly variable distribution (0.006 to 25.85 mg-m’
3). acpom440 varied from 0.002 to 0.31 m™! whereas the TSM varied from 0.005 to 33.44
mg-1"". The highest concentration of Chla was observed from August to November (i.e. end
of southwest monsoon and beginning of northeast monsoon) which was attributed to the
coastal upwelling. The average value of acpom440 was found to be on the lower side of the
global mean. A significant negative relationship between acpom440 and salinity during
southwest monsoon indicated that much of the CDOM during this season was from river
discharge. The spectral R,s was found to be strongly linked to the variability in Chla
concentration indicating Chla was the major light absorbing component. The satellite
derived spectral R, was in good agreement with insitu when Chla concentration was less
than 5 mg-m'3 . The wvalidation of Chla, derived from insitu R,, showed moderate
performance (R*=0.64, Logrumse=0.434, APD=43.6% and RPD=42.33%). However the
accuracy of the algorithm was still within the acceptable limits. The statistical analysis for
atmospheric correction schemes showed better 'r'(1.6), Logrmse(0.49), APD (25.46%) and
RPD (17.57%) in the case of Al as compared to A2. Whereas in the case of A2, R*(0.56),
slope (0.26) and intercept (0.27) was better as compared to Al. The two atmospheric
correction schemes did not show any significant statistical difference. However the default
atmospheric correction scheme (Al) was found to be performing comparatively better
probably due to the fact that the concentration of TSM and CDOM was much less to
overcome the impact of Chla.

Key words: Chlorophyll, TSM, CDOM, Remote sensing reflectance, atmospheric
correction, MODIS-Aqua
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1. Introduction

The spectrum of radiation emerging out from the sea surface is significantly influenced by
the presence of subsurface optically active substances (OAS). The major OAS encountered
in the world ocean is phytoplankton pigment, chlorophyll (Chla), Coloured Dissolved
Organic Matter (CDOM) and Total Suspended Matter (TSM). Chlorophyll absorbs in blue
and red part of electromagnetic spectra whereas CDOM has strong absorption in shorter
wavelengths. TSM contributes more towards scattering at longer wavelength.

In the perspective of ocean colour remote sensing, the ratio of water leaving radiance to
downwelling radiance, termed as remote sensing reflectance (Ry), is being used to estimate
the concentration of various OAS present within the water column. O’Reilly et al. (1998
and 2000) established an empirical algorithm for satellite estimation of Chla using Ry.
However such bio-optical algorithms were primarily developed for case 1 waters where
phytoplankton is solely responsible for the variation in R, (Gordon and Morel, 1983;
Morel and Prieur, 1977; Siegel and Michaels, 1996; Stramski and Tegowski, 2001; Terrill
etal., 2001; O’Reilly et al., 1998, 2000). These types of algorithms based on single models
of Chla are inadequate for optically complex coastal and inland case 2 waters where
substances other than phytoplankton, including TSM and CDOM has significant effect on
Rys (Bukata et al.,1995; IOCCG 2000). In case 2 waters, where R, get influenced by signal
from CDOM and TSM, Chla often gets bias when estimated using such empirical
algorithms (Ruddick et al., 2000; Siegel et al., 2000; Wang and Shi, 2005). On the other
hand such empirical algorithms are computationally less intensive and easier for
operational implementation. Moreover with advancements in ocean colour satellite sensors
with more spectral bands, improved bio-optical algorithms and novel atmospheric
correction models, has provided more accurate ocean colour products even in case 2 waters
(Zibordi et al., 2006).

The accurate retrieval of Chla in case 2 waters also requires selection of suitable
atmospheric correction scheme. In turbid waters the sensor derived R, at the blue
wavelengths are often biased low and sometimes even go negative. This problem often
results from assumptions that water leaving radiance is negligible at near-infrared (NIR)
bands (Siegel et al., 2000). For the ocean-atmosphere system, the top-of-atmosphere
(TOA) reflectance, p; (1), measured by the satellite sensor, can be written as a linear sum
from various contributions (ignore the white cap and sun glint):

p(2)=p.(2)+ p,(2)+1(A)p,(2) (1

where p;: (A), pa (A) and py (1) are the reflectance contributions from molecules (Rayleigh
scattering), aerosols (including Rayleigh-aerosol interactions) and ocean waters,
respectively. t (A) is the diffuse transmittance of the atmosphere. The goal of ocean colour
remote sensing is accurate retrieval of water-leaving reflectance pw (A) by eliminating the
contribution from atmospheric radiance (pr (A) and pa (1)) and ocean surface effects. The
contribution of atmospheric radiance to total signal received by the visible satellite sensor
is approximately 85%. In the default iterative atmospheric correction scheme, used by
many sensors, ocean is assumed to be dark at near infra-red (NIR) bands (748 and 869
nm). This black pixel assumption (BPA) is used for initial iteration and relaxed
progressively. However the initial BPA in the NIR region is invalid for turbid waters,
leading to significant errors in retrieval of Chla (Siegel et al., 2000; Ruddick et al 2000).
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The quality of the data products derived from the ocean color satellite largely depend upon
accurate atmospheric correction scheme and suitable bio-optical algorithm. Hence the
present research work has been carried out with objectives: 1) understanding effect of OAS
on Ry, 2) validation of operational bio-optical algorithm (OC3M) for retrieval of Chla and
3) to understand the effect of atmospheric correction schemes on retrieval of R;s and Chla.

2. Study area

The present study has been carried out in coastal waters off Kochi, southwest coast of India
which is connected by backwaters (Fig. 1). The study area is largely influenced by the
fresh water discharge and seasonally reversing monsoon. The summer (southwest)
monsoon extends from June to September whereas the winter (northeast) monsoon extends
from December to March. During the transition phase of northeast to southwest monsoon,
the study area experiences strong vertical mixing due to wind induced upwelling along
with a northward undercurrent and a southward surface flow (Kumar and Kumar, 1996).
During this period primary production ranging from 12.0 to 648.0 mg Cm-2d-1 was
reported (Sarupria and Bhargava, 1993; Habeebrehman et al., 2008). Upwelling process
supported by the southerly current observed along the coastal waters during southwest
monsoon results in maximum fluctuation in primary production ranging between 40.0 to
1225.0 mg Cm-2 d-1 (Sarupria and Bhargava, 1993; Habeebrehman et al., 2008; Joshi and
Rao, 2012). After southwest monsoon, the hydrographic parameters change causing very
strong fresh water discharge from backwaters and this results in lowest primary production
in the area, ranging from 21.0 to 263.0 mgCm™ d”' (Sarupria and Bhargava, 1993; Srinivas
and Dinesh Kumar, 2006; Habeebrehman et al., 2008). The study area draw special
attention because of the occurrence of witness seasonal Mudbanks at certain locations,
during southwest monsoon period (Balachandran, 2004), and also phytoplankton blooms
(Srinivas and Dineshkumar, 2006).

3. Data and Methodology
3.1. Sampling

The sampling was conducted at eight stations for all months from 2009 to 2011 except for
few months in the southwest monsoon. The sampling was carried out using Commercial
Purse seiner. The selection of stations was based on the bathymetry and were scattered
equally on either side of the backwater outlet. The surface water samples were collected
using 2.5 L Hydro-Bios Niskin plastic water sampler. At each station SatlanticTM
hyperspectral radiometer (HyperOCRII) was operated for the measurement of Ry.
Subsequently water samples were also collected for the estimation of Chla concentration,
CDOM absorption and TSM concentration. Total 63 sampling points were available for the
analysis.

3.2. Data Analysis

Chla was measured using Turner Designs™ 10 AU-field fluorometer following
Welschmeyer method (Welschmeyer 1994). Between 0.1 and 1 L of water were filtered
onto 25 mm Glass Fibre Filters (GF/F) using a vacuum pressure of <200 mm Hg and
extracted overnight in 90% acetone. The samples were then centrifuged for 10-20 min at
2000 rpm and the raw fluorescence given as digital volts were converted into Chla
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concentrations using calibration curves from Chla standards (Sigma-Aldrich Company
Ltd.).

TSM was determined gravimetrically according to Strickland and Parsons (1972) and
JGOFS protocols (UNESCO 1994). In brief, the water samples were filtered through 0.45
um pre-weighed polycarbonate filter paper, then washed with distilled water and
immediately dried in an oven at 75°C. They were then re-weighed in the laboratory using
an electronic balance.

Absorption due to CDOM (acpom) was measured spectrophotometrically following
Kowalczuk and Kaczmarek (1996). Water samples were filtered onboard through 0.2 um
Sartorious cellulose membrane filters. The sample transparency was measured using
Shimadzu™ double beam UV-2450 spectrophotometer, over the spectral range 400 to 700
nm at 1 nm resolution, in 10 cm quartz cuvette against MilliQ water as a blank. acpom was
calculated from the optical density of the sample and path length following the methods
given in Twardowski et al. (2004).

3.3. Insitu R,

The remote sensing reflectance (R;) in Hyperspectral bands were measured using
Satlantic™ hyperspectal radiometer (HyperOCRII). The instrument contains 256 optical
channels between 350 to 800 nm that measures downwelling surface irradiance (Es) and
profiles of downwelling irradiance (E4) and upwelling radiance (L,). The radiometers were
deployed away from the vessel to avoid ship-induced perturbations and shading (Fargion
and Mueller, 2000). The data were recorded using SatView " software and processed
using Prosoft™ software. When the tilt of the sensor was > 5° and profiling velocity was
more than 0.7 m-s™' the data were discarded to ensure high quality of the measurements.

The Ry(A) was then calculated from
L \1,07
W (A)=—" )
E \1,0

Where Eq (L,0") is the above surface downwelling spectral irradiance (Wm™ nm™) and L,,
(A0 ) is the water leaving radiance (Wm™nm'sr'). Standard ocean optics protocols
(Fargion and Mueller, 2000) were used in the computation of water leaving radiance (Ly):

£.(20°)= 1, (0 M=pl20) (3)

m(2)

Where L, (A,07) is water leaving radiance below surface, p(A,0) is Fresnel reflectance index
of seawater and ny(A) is Fresnel refractive index of seawater.

Surface downwelling irradiance was calculated from:
E,(1,0)= EiL’O) )
-

Where a is the Fresnel reflection albedo from sun (~0.043), and E4q (A,0") is extrapolated
from Eq4 (A, z) profile.

3.4. Satellite data Processing

Moderate Resolution Imaging Spectroradiometer — Aqua (MODISA) level-0, data
corresponding to the days of insitu data, were acquired from GSFC-NASA
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(http://oceancolor.gsfc.nasa.gov). The data were processed from Level-0 to Level-2, using
Sea Viewing Wide Field of view Sensor (SeaWiFS) Data Analysis System (SeaDAS)
software with two atmospheric correction schemes. The two atmospheric correction
schemes chosen were: 1) Multi-scattering with 2-band model selection NIR correction
(from hereon referred as: Al) (Siegel et al., 2000) and 2) Multi-scattering with MUMM
correction and MUMM NIR calculation (from hereon referred as: A2) (Ruddick et al.,
2000). The first atmospheric correction scheme is used as default for MODIS— Aqua. The
default bio-optical algorithm (OC3M) was used for the retrieval of Chla. The satellite
match-up data for Chla and R, at wavelengths 412, 443, 469, 488, 531, 555, 645, 667 and
678 were extracted from 3 X 3 pixel box (Bailey and Werdell, 2006). Subsequently the
quality of the match-up data was assessed as per ocean optic protocol (Fargion and Muller,
2000) and 13 match-up points were selected for validation.

4. Results
4.1. Distribution of OAS in the study area

The preliminary analysis of the study includes understanding the variability in distribution
of OAS such as Chla, acpom440 and TSM. The distribution of OAS for the entire sampling
period was analyzed using frequency distribution plots (Fig. 2). The results showed large
variability in the distribution of Chla and TSM. Chla ranged between 0.006 to 25.85 mg-m”
3 whereas the concentration of TSM ranged from 0.005 to 33.44 mg-l'l. The acpom440
ranged between 0.002 to 0.31 m™. The distribution of Chla did not show any specific trend
in terms of magnitude. The maximum in the distribution of acpom440 was seen at the
median frequency ranging from 0.1 to 0.15 m™ with lower values occurring more
frequently as compared to higher. The distribution of TSM showed higher frequency at
lower concentrations (< 4.0 mg-1").

The analysis carried out using frequency distribution plots has given an insight about
overall distribution of OAS sampled during the study period. However it is also important
to understand the variability of these OAS on the temporal scale. To achieve this, the
variability in the distribution of OAS was analyzed at monthly scale. All the spatial data
corresponding to one month was averaged and presented in Fig. 3 along with the standard
deviation.

The monthly mean Chla concentration was found to be varied between 3.85 to 12.49 mg-
m™. The highest concentration was observed during the end of southwest monsoon and
prior to onset of northeast monsoon (i.e. from August to November). The concentration of
Chla was significantly lower during February to May corresponding to later phase of
northeast monsoon. Also high standard deviation was observed throughout the study
period. The spatial mean of acpom440 did not show any significant trend at monthly scale.
The values encountered in the present study were also on the lower side of the global mean
as reported by Siegel et al. (2002). The acpom440 reached peak during northeast monsoon
(i.e in the month of January) with a mean value of 0.13 + 0.08 m™. The TSM concentration
showed large variability at the temporal scale with a maximum of 28.58 + 1.14 mg-I'1 for
the month of March 2009. The overall trend showed that TSM was high prior to onset of
southwest monsoon. Also the standard deviation was very low except for two months
(September and January 2011).
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4.2. Effect of Chla on R,

This section intends towards analyzing effect of OAS on spectral R;. Further the
variability in Ry derived using two different atmospheric correction schemes (A1l: Multi-
scattering with 2-band model selection NIR correction and A2: Multi-scattering with
MUMM correction and MUMM NIR calculation) has also been assessed. The spectral
variability of insitu (solid line) and satellite derived R;s using Al (triangles) and A2
(circles) are presented in Fig 4. Although we had total 63 data points, only those stations
where satellite matchup was available are presented here. The plots were arranged with the
increasing concentration of Chla. Even though the magnitude of satellite derived spectral
R;s doesn’t match, in most of the cases, the shape of the spectra seems to be in good
agreement with the insitu. At lower concentration of Chla (S57), R;s was maximum at the
shorter wavelength and decreased exponentially towards longer wavelength. Further it was
also observed that with increasing concentration of Chla, peak R,s was shifted towards
longer wavelength.

While looking at the satellite derived spectral Rsusing A1 and A2, it was observed that Al
was higher than A2 in all the cases. Also spectral R, derived using atmospheric correction
scheme, Al, was found to be in better agreement with insifu. Further the spectral Ry
derived using atmospheric correction scheme, A2, found to be underestimating in all the
cases. The R, spectra appropriately fitted in Chla concentrations <5 mg-m~ whereas in
concentrations >5 mg-m™~, it seems to be slightly overestimated. In cases where Chla
concentration is > 12 mg- m™ the satellite derived R;s spectra was underestimated.
However no trend was observed in variability of TSM and acpom440 with spectral Rys.

4.3. Validation of Chla

In this section an attempt has been made to evaluate the effect of two atmospheric
correction schemes on retrieval of Chla using default bio-optical algorithm. Prior to this
the bio-optical algorithm was also validated. To do this insitu R,, measured using
radiometer, was used so as to ignore the effect of atmospheric contribution. Chla estimated
using radiometric Ry, by applying OC3M algorithm, was validated against the Chla
estimated from water sample analysis. The results are shown in Fig. 5a. The validation
statistics are given in Table 1. The results showed that both are closely matched with good
correlation (R2=0.64). The Logrmse was 0.43. The absolute and relative percentage error
was on the higher side (APD=43.6 % and RPD=42.33%).

Fig. 5b and 5c showed the correlation between insitu measured Chla and that derived from
MODISA using Al and A2 atmospheric correction schemes. In general 77% of the data
points were within 95% confidence limit. The statistical indicators (Table 1) showed
comparable correlation coefficients of 0.54 and 0.56 for Al and A2 respectively. The
intercept was low in case of A2 (0.27) as compared to that of A1 (0.4). Chla derived using
A1l showed low 'r' value (1.6) as compared to that from A2 (2.18). Further the APD and
RPD were also lower in case of Chla derived using Al. The overall statistical indicators
showed better 't', RMSE, APD and RPD in the case of Al as compared to A2, whereas in
the case of A2, R?, slope and intercept was better as compared to Al.

5. Discussion

The present study is focused on two major objectives. The first one is to understand the
variability of OAS in the area subjected to strong monsoonal forcing. The second one is to
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evaluate the effect of atmospheric scheme on retrieval of R, and Chla from satellite data.
The first objective was addressed by analyzing frequency distribution of OAS throughout
the period of the study and also by understanding its spatial and temporal variability on
monthly scale. The results of the analysis showed large variability in distribution of Chla.
The acpom440 was less than the global mean as reported by Siegel et al. (2002). Further
maximum frequency for TSM was observed at the lower concentration. This clearly
indicates that Chla is the primary substance that can affect the distribution of light and
hence Ry. Further the high concentration of Chla was encountered during end of southwest
monsoon and prior to onset of northeast monsoon. The earlier studies carried out by Le'vy
et al. (2007) clearly showed that the Chla peaks during August-September along
southwestern coast of India. This elevated concentration of Chla was attributed to the
intense coastal upwelling occurring during the southwest monsoon. During southwest
monsoon the West Indian Coastal Currents (WICC) changes the direction towards south
resulting in the coastal upwelling (Shankar et al., 2002). Further the upwelling process also
results in high primary production ranging between 40.0 to 1225.0 mg Cm? d"' (Joshi and
Rao, 2012).

In the present study distribution of acpom440 and TSM were highly variable at the
temporal scale. However the average value of acpom440 was found to be on the lower side
of the global mean. The distribution of CDOM and TSM has been further analyzed by
correlating with salinity at seasonal scale. During southwest monsoon season strong
negative correlation (R=-0.6) was observed between acpom440 and salinity. However
during other months acpom440 did not correlate significantly with the salinity. The river
discharge is the major contributor of CDOM in the coastal waters. Apart from these
resuspension and insifu degradation can also enhance CDOM (Menon et al., 2011).
Similarly the potential source of TSM is either from river or due to resuspension in shallow
waters. The coastal waters off Kochi is subjected to upwelling and heavy fresh water
discharge from the adjacent estuary during southwest monsoon period which enhances
nutrient upload resulting in the increased biological production (Nair et al., 1992;
Jyothibabu et al., 2006). This indicates that much of the CDOM during southwest monsoon
is from river discharge. Also there was no significant relationship between acpom440 and
TSM. Further a lag in the elevation of Chla concentration and acpom440, during non
monsoon months, indicates that during these months, CDOM could be principally due to
the insitu degradation of phytoplankton. Although TSM distribution showed higher
frequency at the lower concentration, the maximum concentration was during southwest
monsoon. Further TSM did not show any significant relation with salinity. Some of the
previous studies by Thomas et al. (2004), Srinivas et al. (2003) and Jyothibabu et al.
(2006) also reported that continuous dredging process occurring throughout the year in the
study area increases the nutrient and sediment load in the estuary which is drained into the
coastal waters.

The spectral Ry is the basis for the empirical bio-optical algorithm (O’Reilly et al., 1998
and 2000). The spectral Ry, in the present study were found to be strongly linked to the
variability in Chla concentration. It was observed that with increase in Chla concentration,
the peak R was shifted to the longer wavelength. This is analogous to the previous studies
which formed the basis for the development of empirical band-ratio algorithm for the
retrieval of Chla from satellite data (O’Reilly et al., 1998 and 2000). While analyzing the
R;s derived using two atmospheric correction schemes (A1l and A2), A1 was closer to the
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measured Ry. In the case of Al, Gordon and Wang (1994) showed that the assumption of
zero water leaving radiance (L) in NIR channel of SeaWiFS was better justified.
Moreover, the concept of BPA at NIR does not hold true in turbid coastal waters. Wang et
al. (2009) showed that shifting BP to SWIR reduces the bias error but increases noise
errors significantly. In A2 correction scheme, these assumptions were replaced by the
assumption of spatial homogeneity of the 765 and 865 ratios for aerosol reflectance and for
water leaving reflectance. Ruddick et al. (2000) reported that A1 scheme failed in the area
of high TSM and CDOM. His theoretical analysis showed an error in estimation of
normalized water leaving radiance (Ly,) and was of the order = 0.01 for turbid water with
turbid atmosphere. In the present study there was no significant difference between
spectral R derived using Al and A2. This was probably due to the fact that the study area
was more dominated by Chla having lesser impact of TSM and CDOM. The variability in
spectral R, depends upon the variability in OAS as well as accurate computation of
atmospheric radiances. The present study has addressed both the issues. The earlier study
carried out by Menon et al. (2005) showed that higher concentration of Chla and CDOM
significantly decrease Ly, in shorter wavelength. In their study, Gordon and Wang (1994)
estimated the effect of error induces in atmospheric correction using single scattering and
multi scattering approximation. In the case of Chla derived using Gordon (1998)
algorithm, they found the error of more than + 20 % in all cases. Siegel et al. (2000)
quantified the error that was due to the BPA for any arbitrary band ratio corresponding to
SeaWiFS bands. Their result showed that for Chla less than 1 mg-m~, differences that are
due to the application of NIR correction are less than 2 %. However for Chla greater than 2
mg-m~, band ratio error increases dramatically.

The validation of MODISA default bio-optical algorithm (OC3M) showed significant
validation statistics. Although the statistical indicators showed moderate values, the
accuracy of the algorithm was still in the acceptable limits. The OC3M algorithm was
initially developed for case 1 waters eliminating the effect of OAS other than Chla. Its
predicted accuracy was 70% in the open ocean (O’Reilly et al., 1998). In the present study
13 points were used for the validation. Further these match-up points cover the entire range
of OAS encountered within the study area. These points were associated with a range of
Chla concentration from 0.15 to 13.89 mg-m'3, acpom440 between 0.015 to 0.14 m™ and
TSM between 1.26 to 28.32 mg-1". The statistical analysis indicates that the default
atmospheric correction scheme (A1) was performing better. This was probably due to the
fact that the concentration of TSM and CDOM was lower to overcome the impact of Chla.
In the earlier studies carried out by Zhang et al. (2011) also showed that default algorithm
for MODIS performs good in high Chla and TSM waters of Perl River Estuary where both
the OAS were closely associated.

6. Conclusion

The present study was focused on the analysis of OAS in the coastal waters off Kochi,
Southwest coast of India and also to evaluate the effect of OAS and atmospheric correction
schemes on retrieval of spectral R and Chla from MODISA data. The significant
conclusions drawn from the study are as follows:

e The variability of OAS in the study area was attributed to the coastal upwelling and the
fresh water discharge especially during southwest monsoon. Chla was the major light
absorbing component in the study area. The distribution of OAS was highly variable,

Page 8 of 11

http://mc.manuscriptcentral.com/tres Email: IJRS-Administrator@Dundee.ac.uk

Page 8 of 17



Page 9 of 17

1
2

3

p 1
5 2
6 3
7 4
8 5
9 6
10

11 7
12 8
13

14 9
15 10
16 11
g 12
19 13
20 14
21 15
22

23 16
24 17
25 18
2 s
28 20
29 21
30 22
31 23
32 24
33

34 25
35

20 26
37 27
38 28
39 29
40 30
41 31
42 32
43

44 33
45 34
46 35
noo
49 37
50 38
51 39
52 40
53 41
54 49
> 43
56

57 44
58

59

60

International Journal of Remote Sensing and Remote Sensing Letters

with maxima during southwest monsoon. The average value of acpom440 was found to
be on the lower side of the global mean. A significant negative relationship between
acpom440 and salinity during southwest monsoon indicates that much of the CDOM
during this season was from river discharge. The spectral R, was found to be strongly
linked to the variability in Chla concentration. With increase in Chla concentration, the
peak R, was shifted to the longer wavelength.

e The validation of Chla, derived from insitu R, showed moderate performance.
However the accuracy of the algorithm was still in the acceptable limits.

e The spectral R, derived using atmospheric correction scheme, Al, was found to be in
better agreement with insitu. Further Chla retrieved using A1 and A2 did not show any
significant difference. This could be probably due to the fact that the study area was
dominated by Chla with lower concentration of CDOM and TSM. The statistical
analysis indicates that the default atmospheric correction scheme (A1) is performing
better. Further the variability in R,y and Chla retrieved using different atmospheric
correction schemes has been well addressed.
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Chromophoric Dissolved Organic Matter at 440 nm (acpom440) and Total Suspended
Sediment (TSM) in the study area. The vertical bars indicate standard deviation.
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cases OC3M algorithm was used to estimate Chla. The thin solid line represents perfect linear
fit. The thick solid line represents the linear data trend. The dotted line represents the 95%

confidence limit.
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Table 1: Statistical indicators for evaluation of Chla. The first row is the analysis between
insitu Chla and that derived using OC3M algorithm from insitu R.s. The second and third row
represents analysis between insitu measured Chla and satellite derived Chla using OC3M
algorithm and two different atmospheric correction schemes. The atmospheric correction
schemes used are (A1) 2-band model selection and iterative NIR correction and (A2) 2-band
model selection and MUMM NIR correction. The statistical evaluation was carried out at

95% confidence level.

2 Log

N R SLOPE | INTERCEPT | r RMSE APD RPD
Chl
Radiometer | 63 | 0.64 0.61 0.08 1.806 |0.434 | 43.60 42.33
(Chl R)
Chl Atm1
(Chl A1) 13 |0.54 0.37 0.40 1.611 | 0.49 25.46 17.57
Chl Atm2
(Chl A2) 13 |0.56 0.26 0.27 2.176 | 0.62 40.01 41.43
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