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Abstract

Chlorophyll-a and suspended sediment are two important parameters of case Il water quality. In case | water, these two
parameters can be effectively quantified by empirical algorithm developed using the radiance values obtained from remote
sensing data through the surface concentration samples collected from the field. In case Il waters, however, the task becomes
difficult due to the presence of anthropogenic activities. This paper explores the usefulness of remote sensing technology for
analysis of chlorophyll-a (chl-a) and suspended sediment (SS) by developing an algorithm for two seasons using IRS-P4 OCM
sensor. The algorithm has been validated and variation between the field and computed value is round 5%. This algorithm can
be used to estimate the chlorophyll-a and suspended sediment concentration in the coastal environment using the IRS-P4
OCM sensor without any field sample values for further analysis.
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I. INTRODUCTION

Chlorophyll-a is used as the primary pigment-index
for various phytoplanktons in water and is needed for
estimating primary productivity, biomass etc. Suspended
sediment are the most common type of pollutants both in
terms of weight and volume in the surface of coastal water
systems and helpful in determining water dynamics and
spread of pollutants (Ritchie et al, 1990). They can be an
effective measure of tropic status, are potential indicators
of maximum photosynthetic rate and are commonly used
asameasure of water quality.

Water color remote sensing is applied more and more
widely in the water quality monitoring of oceanic, coastal
and inland water body because it has many advantages,
such as wide range, synchronization and low cost for data
collection (Camphell, 1988; Zhao, 2000; Claudia, 2001).
Morel & Prieur (1977) classified water body as two types:
case | water body, which is Open Ocean; case Il water
body, which is coastal, estuary and inland water body. Now
the inversion research of case | water body is
correspondingly mature and the accuracy of inversing
model is mainly chlorophyll and suspended sediment. And
that of case Il water body is very difficult due to the
interaction of many water components, such as
suspended sediment, chlorophyll and yellow substance
etc. Remote sensing of coastal water quality (case Il water
body) has involved mainly in estimation of surface
chlorophyll-a and suspended sediment from sensor-
derived radiance. This is because of the fact that, these
two parameters are optically active and can adequately
represent the coastal water quality scenario.

In this study Ocean Color Monitor (OCM) sensor data
obtained from IRS P4 satellite has been used to estimate
surface chlorophyll-a and suspended sediment
concentration at the Vedaranyam coast. The OCM of the
Indian Remote Sensing Satellite IRS P4 is primarily
designed for aquatic application. It is endowed for
watercolor remote sensing and it is the best available
source of data for monitoring coastal water quality due to
its higher spatial resolution (360m). In this study an
attempt has been made to develop an algorithm for
estimating the chlorophyll-a and suspended sediment
concentration in the lagoon and coastal environment
respectively.

Il. STUDY AREA

Vedaranyam, area endowed with coastal wetland
Fig. 1located at the southern end of the Cauvery delta and
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Fig. 1. Study Area Map
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also on the southeastern coast of Tamil Nadu is
considered for this case study. It lies in Thirutharaipoondi
and in parts of Mannarugudi, Pattukottai taluks of
erstwhile Thanjavur district of Tamil Nadu. It falls within the
co-ordinates of latitude 10 15'N to 10 25'N and longitude
79 20'E to 79 55'E. Many drainage arteries of the Cauvery
basin namely, Paminiuar, Koraiar, Kilaithangiyar,
Marakakoraiar flow through Muthupet and adjacent
villages and create a lagoon before they empty into the
Palk Strait. A dense mangrove community occupies the
northern as well as the western border of the lagoon. A
sandpit forms the southern portion of the lagoon, which is
devoid of mangroves.

lll. METHODOLOGY:

Surface water samples were collected using Van
Dorn water sampler on the dates of 17" and 19" November
2003 for monsoon season and 28" and 30" April of 2004
for summer season from 12 sampling points for coastal
environment Fig. 2.

Fig. 2. Sample Location Map

at the time of satellite overpass and the OCM sensor data
were collected for the same dates from NRSA and are
used in the analysis. All the samples were collected
between 11.30pm to 1.30pm which coincide with the IRS-
P4 satellite overpass. Out of the twelve samples, eight
samples were selected for development of algorithm and
four samples were used for validation. (Table 1 and Table 2).

Table 1(a). Samples Selected for Development of
Algorithm (Chlorophyll-a)

Sampling Field Chl-a

points Longitude Latitude band2 band5 bandé (mg/m?)
U | wwoare [woormorn ] % & & 208
[FJ R N —— 6] % % 731
B | rearwe [1wmwsen| T | T 12 208
Y| reeszose | 10016 12N 2 86 i 4
B | esvore (1w 2| % 2 s
Y| qesste [wemesen P | M2 09 236
Mo roazare [wessen | 4 | % | 8 246
Y| earoze | 100 154zn 5 " 54 bl

Table 1(b). Samples Selected for Validation

Fighd | Computed | Difference
Samplin Chla | chla chl-a Difference
gpoints | Longitude | Latitude dn2 | dn§ | dn6 | (mg/m?) | (mgim¥) | (mgim) in%
L9 T9° 40 01602 |37 |82 | M| 208 1497 012 5.7
AE N
Lo | Tt 10°15 B 47| 74| 203 215 012 591
A'E 46N
L1 | 79°3% 10°16° X8 |69| 2% 22 0.14 595
mlE 1u.N - - - - - -
Lz | mear 10° 16 H 59|74 28 25 012 54
1E 20N

Table 2(a). Samples Selected for Development of
Algorithm (Suspended Sediment)

Sampling Field 55 (mglL.
points Longitude Latitude band2 band5
L 19°294TE | 10°17 07N 142 134 1017
2| gsvose  [100172rN 18 127 8
B | wowe 100155 14z 18 1001
L 79°33 06E | 10°16 12N 108 14z 1019
B eazose 10017 % 139 1042
6 | eawsre | 100105 16z 165 102
L 19 4TITE [ 10°15 56N 7 1 965
L8 79°42 0 | 10° 15 42'N 12 152 9.7

Table 2(b). Samples Selected for Validation

Field | Compute | Differenc
Sampling S5 |dSS |eSS Difference
points Longiude | Latitude | Bandd | BandS | (mol) | (mgl) | (moll) in%
L9 19° 40 10° 16'02 13 124 10.39 980 059 567
A'E N
L10 19744 10°15 120 | 143 | 9% 9% 042 440
A'E 46°N
L1 79° 3% 10° 16 19 154 1069 | 1005 064 598
06'E 10°N
L12 19°37 10°16' o)1 | M 9.83 059 £.38
11'E 2N

Using OCM DAS software chlorophyll-a and SS
values obtained for further validation of these algorithms.
Fig.3,4,5,6.
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Fig. 3. OCM - Sensor Data for Chlorophyll-a in Summer Season
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Fig. 5. OCM - Sensor Data for Suspended Sediment in Summer
Season
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Fig .6. OCM — Sensor Data for Suspended Sediment in Monsoon
Season

The chlorophyll-a concentrations were estimated by
using the spectrophotometer 6300 Jensey at the Aquatic
laboratory. The chlorophyll-a concentration was
measured by using the technique and calculation
described by Parsons et.al (1989). Known volumes of
water (500ml-1000ml) were filtered through a filter paper
(Millipore, size 0.5 mm). As the water is being filtered, a
few drops of suspension of magnesium carbonate were
added to prevent acidity on the filter. Pigments were
extracted from the filters in 90% acetone. The wavelengths
involved are 750nm, 664nm, 647nm, and 630nm.

Suspended particulate materials (dry weight (mg L")
were determined gravimetrically as outlined in Strickland
and Parsons (1972) and as specified in JGOFS protocols
[UNESCO 1994]. Samples were filtered through 0.4 um
pre-weighed polycarbonate filters. The filters were
washed with three 2.5 - 5 ml aliquots of distilled water and
immediately dried in an oven at 75°C. The filters were then
re-weighed in laboratory, using an electrobalance.

The OCM scenes were corrected for atmospheric
effects of Rayleigh and aerosol scattering using an
approach called long wavelength atmospheric correction
method. The approach used the two near infrared
channels at 765 and 865 nm to correct for the contribution
of molecular and aerosol scattering in visible wavelengths
at 412, 443, 490, 510, and 555 nm (Gordon and Wang,
1994). The water leaving radiances derived after
atmospheric corrections were used to compute
chlorophyll-a and suspended sediment concentration.

Using MATLAB version 8.6 multiple regression
analysis was made in between the spectral signature
obtained from OCM data and the field sample values of
chlorophyll-a and suspended sediments concentration.
While developing the algorithm often sets remote sensing
data as independent variables and concentration of water
quality components as dependent variables to construct
their equations.

IV. RESULTS AND DISCUSSION

Different algorithms are developed separately for
Chlorophyll-a and Suspended Sediment concentration.
The multiple regression equations developed are given
below.

Chlorophyll-a algorithm development

Empirical algorithms have been developed using
MATLAB software by cubic polynomial regression
between log10 (Rrs490/Rrs555) and in-situ chlorophyll
values.

a.Algorithm for monsoon season:
y Chl-a = 1.4773 - 13.8496 X - 66.3435 X’ — 93.6687
b. Algorithm for summer season
Chl-a=3.7137-0.4381 X-9.4726 X'~ 11.7168 X’
Where,
Chl-a = chlorophyll-a concentration mg/m’

X=I R, (490)R . (555
0910( I’S( )I'S( )l

frs =remote sensing reflectance values
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Suspended sediment algorithm development

The suspended sediment algorithms have been
developed by linear regression plots between the natural
logarithm of Xs and the same of in-situ suspended
sedimentvalues.

a.Algorithm for monsoon season:
SS=10.3523-0.2106 Xs
b. Algorithm for summer season
SS=7.3445+0.3999 Xs
Where,
SS =suspended sediment concentration mg/l
Xs=(Rrs555+Rrs670) * (Rrs490/Rrs555)

Where Chl-a is the chlorophyll-a concentration in
mg/m’, SS is the suspended sediment concentration in
mg/l and dn is the digital value corresponding to band
numbers. These algorithms can be used for estimating the
chlorophyll-a and suspended sediment concentration in
quantitatively with respect to dn values of OCM data.

The chlorophyll-a and the suspended sediment
concentrations were retrieved from the developed
algorithms for coastal environment. The computed values
were slightly varied from field values.

In monsoon season, the computed chl-a values
varied from 0.1 to 0.69 mg/m’ Fig. 7., SS values varied
from 0.42 to 0.89 mg/L Fig. 8. In summer season, chl-a
varied from 0.8 to 0.95 mg/m’Fig. 9. SS varied from 0.52 to
1.15 mg/L Fig. 10. compared to the field values. The
average difference varied from 4 to 7 in percentage.

12.2

12 —a— "y

o 11.8
@ 11.6 -
£ 114 . C\//
% 11.2 1
11
10.8 T T :
1 2 3 4
samping points
—#—Field S5 (mg/L) —— Computed S5 (mg/L)

Fig. 7. Chl-a values comparison between field values and computed
values in monsoon season.
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Fig. 8. SS values comparison between field values and computed
values in monsoon season.
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Fig. 9. Chl-a values comparison between field values and computed
values in summer season.
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Fig. 10. SS values comparison between field values and computed
values in summer season.

From the computed values it is seen that the
chlorophyll-a was higher concentrations (4.85 to 5.04
mg/m’) during the summer season and lower
concentration (3.50 to 3.79 mg/m’) during monsoon
season Fig. 11. and the suspended sediment
concentration was higher (12.0 to 12.05 mg/L) during the
monsoon season and lower concentration (8.69 to 8.87
mg/L) during the summer season Fig. 12. This is due to the
fresh water influx takes place from Cauvery distributaries
during the winter season. The analysis indicates that the
presence of high turbidity significantly reduced light
penetration and limited photosynthesis.
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Fig. 11. Chl-a values concentration higher in summer season and
lower in monsoon season.
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Fig. 12. SS values concentration higher in monsoon season and
lower in summer season.

Thus, in the Vedaranyam Coast, phytoplankton
production was mostly limited by light, rather than
nutrients. Similar light-limited situations have been
reported in San Francisco Bay (Alpine and Cloern, 1988),
Satilla River Estuary (Lianyuan Zheng et al., 2004) and
other estuaries (Cabecadas, 1999). From the algorithm, it
is seen that, SS variations are not consistent with chl-a
variation during the monsoon season, which is also
evident from the in-situ data.

V. CONCLUSION

This is an attempt to apply the OCM sensor for
developing an algorithm for coastal environment both in
summer and monsoon season in Vedaranyam coast. The
developed algorithms satisfy the Chl-a and SS
concentration for two seasons at the site in coastal
environmental conditions. In future, without the field
sample values the concentration of Chl-a and SS can be
estimated using this algorithm. However, in future more
samples with temporal data representing different spectral
characteristic of the coastal water is necessary for
generalizing the algorithm.
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