>

Turkish Journal of Fisheries and Aquatic Sciences 15: 923-930 (2015)

www.trjfas.org
ISSN 1303-2712
DOI: 10.4194/1303-2712-v15 4 16

Indicator Based Ecological Health Analysis Using Chlorophyll and Sea
Surface Temperature Along with Fish Catch Data off Mumbai Coast

Samee Azmi'*, Yogesh Agarwadkar’, Mohor Bhattacharya®, Mugdha Apte®, Arun Inamdar?

Y Indian Institute of Technology, Coastal and Marine Research Laboratory, CSRE, Bombay, Mumbai, India.

* Corresponding Author: Tel.: +91.983 3789889; Fax: +91.22 25723190;
E-mail: samiazmi@gmail.com

Received 11 August 2015
Accepted 31 December 2015

Abstract

The dense population of the metropolis Mumbai, exerts a lot of stress on the overall ecosystem including coastal zones.
Authors have attempted to study the coastal ecosystem health using long term chlorophyll-a and Sea Surface temperature
(SST) trends from 2003-2012. Remotely sensed data has been used for this study because of its proven advantages. MODIS
data has been used to estimate the chlorophyll-a and SST trends. Fish catch data is plotted and its correlation using Pearson
Correlation technique is used for Chlorophyll and SST data around Mumbai.

The study area was divided into zones based on the variations observed during field visits in the ambient water
conditions; these zones are 0-15 km, 15-30 km and 0-30 km zones. In the 0-15 km zone, Pearson correlation coefficient for
chlorophyll-a with fish catch data was found to be 0.06 whereas for the 15-30 km zone it was found to be comparatively
higher at 0.46. But in the 0-30 km zone the correlation coefficient of chlorophyll-a with fish catch was found to be 0.4. SST

correlation with fish catch was found to be highest in the 0-15 km range at 0.47.

Keywords: Remote sensing, fish catch, chlorophyll, suspended particulate matter, sea-surface temperature, MODIS, SeaWiFS.

Introduction

Chlorophyll pigment concentration has been
used by researchers as an index of phytoplankton
biomass whereas Sea Surface Temperature (SST)
explains the ocean environment suitable for
productivity. Both of these parameters can be
measured from remote sensing and can help in
explaining the oceanic environment and availability
of food resource in an ecosystem for fishery resources
exploration (Solanki et al., 2001). Coastal zones are
highly productive and very accessible to human
population (Beatley et al., 2002). Mostly in the
developing countries, high population growth has
been linked to environmental degradation as the local
inhabitants attempt to improve their resource base and
economic level through environmental over-
exploitation (Commoner, 1991). Degradation of the
coastal ecosystem has been attributed to the growing
population in these major coastal cities of which soil
and water are most affected due to the anthropogenic
behavior.

Marine ecosystems are constantly changing and
are affected by the surrounding environment, which
varies spatially and temporally. Changes in the sea
water temperature can be linked to alterations in

circulation patterns of the ocean, which affects the
direction and speed of the winds. These winds, in
turn, are responsible for driving the ocean currents
and mix the nutrient rich deep column water with the
surface waters which affect the abundance and the
distribution of the planktons (Vivekanandan and
Jeyabaskaran, 2010). Changes in temperature of
water, ocean currents and other ocean conditions
caused due to global climate change, is expected to
affect the productivity of marine fisheries. Food
security could be affected due to changes in the
geographic distribution of available fish, as marine
fisheries are important food source. (Cheung et al.,
2009)

These changes alter the species composition and
will also result in changing of the structure and
function for the ecosystem. The changes in species
abundance happen in a period of a few years to
decades. Longer time duration sometimes also result
in changes in the net primary productivity. Many
tropical fish stocks are already facing the extremes of
temperature and some may face extinction while
others may change their location moving toward
colder latitudes (Perry et al., 2005). Studies have
revealed, that in response to climate change, marine
fishes and invertebrates tend to shift their distributions
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toward higher latitudes and deeper waters which
affects the relative abundance of species as some
habitats become less appropriate for them (Cheung et
al., 2009).

Photosynthesis is the process in which the
energy from sunlight is utilized to generate chemical
energy. The key biochemical component responsible
for photosynthesis is chlorophyll present in green
plant cells. Chlorophyll is present within the living
cells of algae and other phytoplanktons that are found
in water column in various forms (YSI, 2013).
Phytoplanktons are the primary food source of many
small pelagic species (Zainuddin, 2004), including
fish. The two environmental parameters mostly used
in investigations about relationships between the fish
abundance and environmental changes are Chl-a
concentration which is an indicator of phytoplankton
biomass and sea surface temperature (SST) (Diankha,
2013). Since chlorophyll and SST are important
parameters for the marine environment, continuous
monitoring of these parameters is required to
understand the dynamics of the coastal ecosystem.

Monitoring the water quality for understanding
the changes in the marine ecosystem, spatially and
temporally, has been a challenge. To overcome the
challenges, remote sensing techniques have been
extensively used which are particularly advantageous
to assess the marine environment, where water mass
characteristics may vary rapidly and field exercises
can be expensive. The synoptic view provided by
remote sensing has been considered essential for
understanding and monitoring of the water conditions
(Howden, 1995).

In the recent past, several studies have been
conducted to study the correlation between fish-catch,
SST and chlorophyll as mentioned here. Studies
correlating SST and chlorophyll-a along with the
seasonal variability of Ethmalosa fimbriata
abundance off Senegal Coastal Waters has been
investigated for the years 1999-2009 by Diankha
(2013). Pearson correlation has been used for this
study. Other study by Portner (2010) highlights how
changes in environmental conditions influence the
spatial distributions of marine fishes and shifts in
distributions will result in species gains and losses
and changes in fish capture. As suggested by Sumaila
et al. (2011), ocean warming may also be linked to
the increase in abundance of lobsters in deep waters
compared to shallow waters in Western Australia.
Study conducted by Kizhakudan et al., (2014) tries to
relate the fish catch directly to the SST using Pearson
correlation. This study was conducted for Tamil
Nadu, India for a period of 105 years (1906 -2010).
Kizhakudan’s work also highlights that very few
studies have been conducted for Indian sub-continent
on the impact of changes in SST on fish production.

As per Space Applications Center Ahmedabad,
India, (2012), approximately 40% of the Indian
population dwells within 100 km of its coastline.
Majority of the metros in India, like Mumbai,

Chennai and Kolkata are coastal cities.
Unprecedented increase in human activities in
Mumbai and its suburbs has increased the stress on
the surrounding marine environment (Sawant et al.,
2006). It is understood from the literature that there
exist a need to study the correlation between
chlorophyll and SST with respect to fish catch and
this study tries to find that correlation in and around
Mumbai. This is achieved by using statistical methods
explained in the paper.This study uses satellite based
remotely sensed data to calculate SST and
chlorophyll-a for a period of ten years (2003 — 2012).

Study Area

Mumbai lies on the western coast of
Mabharashtra, Indiafalling within 19° 8' N, 72° 40' E
and 18° 48 N, 72° 58 E latitude-longitude
coordinates. Climate of Mumbai is predominantly hot
and humid. Average recorded ambient air temperature
in this region varies from 25 to 42 degree Celsius,
(Ranger et al., 2011) whereas relative humidity ranges
from 54.5% to 85.5% (MPCB, 2005). Mumbai
receives rains due to south-west monsoon during the
months of June to September. Average annual rainfall
in this are aranges between 1500 — 2000 mm. (Gupta,
2005; Ranger et al., 2011).

Fishing has been carried out in the coastal belt of
Maharashtra and there are many fisher-folk
communities dependent on this profession. Increase in
fish catch can improve the lifestyle of these fisher folk
to a certain extent. Maharashtra is one of the major
fish producing states which ranks 4™ in India with an
average annual marine fish landings of 360,000 Ton
during 2001-2010 (Ramchandran et al., 2013). Fish
catch for Mumbai district according to the data
received from the fisheries department of India was
found to be ~1.5 lac tonnes for the year 2012
(Department of Fisheries, 2013). Algal bloom has
been reported in the west coast of India during the
monsoon months and during the February — May
period (De Silva et al., 2012).

Materials and Methods

MODIS sensor data and SeaWiFS data have
been used for this analysis. Data of monsoon months
(June-September) has not been considered for the
trend generation as the remotely sensed images had
maximum cloud-cover and are unusable. Fish catch
data used here has been collected from the
Department of Fisheries, Govt. of India. This study
aims to find a correlation of Chlorophyll-a with fish
catch data and SST with fish catch data.

Reconnaissance surveys and initial analysis of
satellite data showed a distinct water front in the
ambient waters of the study area. To identify this
water front, random satellite images were sampled.
Visual interpretation of the visible bands revealed that
there exists a front in the ambient water at around
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Figure 1. Study area (Mumbai coast), (1) India showing Maharashtra state

Mumbai.

, (2) Maharashtra showing Mumbai, (3)

15km from shoreline. There exists a thermal front at

about 30 km from the shoreline as per the study

carried out by Azmi et al. (2013). Based on these

observations two separate zones were demarcated in

the study area i.e. 0-15km zone and 15-30km zone.
The study area was divided into two zones, viz.,
1. Near coast zone comprising of area between 0
and 15 km from the coast

2. Far coast zone comprising of area between 15

C=10"(a0+alxR +a2xR?)

Where

Band ratio R = log(Rrs488 / Rrs551)
Coefficients: [a0 = 0.289, al =-3.2,a2 = 1.2]

SST Algorithm

and 30 km from the coast

A cumulative zone which was studied to observe
the difference in the correlations for 0-30 km from the

shoreline.

SST and Chlorophyll-a parameters have been
calculated using SST algorithm proposed by Minnett
(1990) and Chlor_a3 algorithm proposed by Carder et

al. (1999) respectively. Yearly average for both have
been calculated. Fish catch data is plotted against
chlorophyll-a and SST and correlation coefficients are
calculated. The flow chart depicting the methodology
is as shown in Figure 2.Details of the algorithm used
for chlorophyll and SST are given below.

Chlorophyll-a Algorithm (Chlor_a3)

Chlor_a3 algorithm has been found suitable for
chlorophyll estimation (Darecki and Stramski, 2004)
in Mumbai region (Bhattacharya et al., 2010) and is
applied to the dataset of duration 2003 to 2012,
excluding the monsoon month (June to September).
Monthly spatial average for chlorophyll data is
calculated for the same duration. The empirical

formula for the Chlor_a3 Algorithm given by Carder
et al.(1999) is given below

Empirical formula (mg/m?3):

SST Algorithm proposed by (Brown et al.,
1999) was found suitable for the Mumbai region
based on study conducted by Azmi et al., 2013.
Calculation of SST was done in the following manner.
First the brightness temperature was calculated from
the spectral emissive radiance data using the standard
formula for Newton-Boltzmann as given in equation
1.

L=2*h*c2*A-5/[eth *c/K*T) — 1]
[1]
Where,
Radiance (Watts/m2/ steradian/ m)
Planck's constant (joule second)
speed of light in vacuum (m/s)
Boltzmann gas constant (joules/ Kelvin)

band or detector center wavelength (m)
temperature (Kelvin)

H>>x<o0o >

SST was derived from this brightness
temperature data. This temperature obtained is the
skin temperature ranging from 5-10 micrometer depth
of the sea (Brown et al., 1999). The algorithm
followed for SST calculation is MODIS-SST
ECMWF (European Centre for Medium-Range
Weather Forecasts) based model, which has been
preferred to the radiosonde-based model which has a
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similar structure but different coefficients are used.
The algorithm is as given below:
MODIS SST =cl1 +¢c2 *T31 +¢3 *T3132 +
c4 * (sec(0) -1) * T3132

Where,

T31: is the band 31 brightness
temperature (BT)

T3132: is (Band32 - Band3l) BT
difference

0: is the satellite zenith angle

This buffering has been done, based on in-situ
observations, so that the coastal waters and the deeper
waters can be dealt separately as the water quality is
different in these areas. The correlations were
calculated separately for these zones. After
calculating the SST, it was averaged for a 5 km area
and then the monthly average SST was calculated.

Pearson Product-Moment Correlation Coefficient

The Pearson product-moment correlation
coefficient is a statistical measurement of the
correlation (linear association) between two sets of
values. The Pearson product-moment correlation
coefficient (Lane et al., 2008) for two sets of values, x
and y, is given by the equation (2):

Satellite
Data

LE-R)y-Y) )
VEG-02E(y-7)?

where x and y are the sample means of the two
arrays of values.

If the value of r is close to +1, this indicates a
strong positive correlation, and if r is close to -1, this
indicates a strong negative correlation. Pearson
correlation has been used in this study as it was
suitable for current dataset. Fish catch is considered to
be the dependent variable whereas chlorophyll-a and
SST are considered as independent variable.

Results and Discussions

The decadal trends of the ocean color parameters
like Chlorophyll-a and SST have been determined.
The trends for the study area have been generated
from MODIS daily images from October 2003 till
May 2012 depending on data availability. Daily
images have been used to generate monthly mean and
standard deviation images. The graphs (Figure 3,
Figure 5) show the trend of near coast, far coast and
complete study area of all values of chlorophyll and
SST from October to May and the fish catch data in
metric tons. As the fish catch data was not available
seasonally, chlorophyll and SST data was also

Fish catch
data

Reconnaissance Chlo.roph)c'\|-a SST Estimation
Surveys Estimation

Water Quality
fronts

y

A

Monthly Average

Zonation chlorophyll-a

Pearsons
Correlation

Figure 2. Flowchart of the methodology followed for the study.
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Figure 3. Graph showing chlorophyll-a conc. (mg/m?) and fish catch (thousand metric tons).
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categorized accordingly.
Chlorophyll-a

Chlorophyll-a dataset are plotted for a period of

10 years starting from 2003 till 2012. The chlorophyll
trend shown in the Figure 3 depicts the zonal values
of chlorophyll-a and the corresponding fish catch data
for that year. Chl-0-15 km is the coastal zone of 0-15
km, Chl-15-30 km is the deep sea zone of 15-30 km
and Chl-0-30 km is the 0-30 km zone. Fish catch data
is shown in the secondary axis of the graph.
It can be seen from Figure 3 that the coastal values are
higher when compared to the deep sea and the overall
0-30 km zone. All the chlorophyll values are seen to
be increasing for the year 2008 to 2010 after which
there has been a decline in chlorophyll-a
concentration.

The correlation between chlorophyll-a and fish
catch for the coastal zone is lower compared to the
remaining two zones as seen from Table 1. This could
be because of the sediment load carried in Mumbai
region by the storm water drains. During monsoon
there is a lot of sediment load that is carried along
with other nutrients into the sea.

Figure 4 shows higher spread of chlorophyll-a.
Chlorophyll-a concentration data ranged from 0.3-3.9
mg/m3. Sediment load carried during the monsoon
along with the nutrient can be a reason for this
increase. The areal spread of chlorophyll-a is seen to
be increased in the southern portion of the study area
as depicted in the image. This is because of the Ulhas
River and Mahul, Thane creeks flowing in this area.
These water bodies can be attributed in contributing
to the sediment load from the terrigenous sources. In
the mid portion of the study area, the spread is
reduced as there are no significant water bodies that
contribute to the ocean.

Sea Surface Temperature

Factors such as SST are expected to affect either
directly or indirectly, the distribution of marine
species, including those that are targeted by fisheries.
Sea Surface Temperature has been calculated from the
brightness temperature data using MODIS dataset.
This is the sea surface skin temperature ranging from
5-10 micrometer depth (Brown and Minnett, 1999).
MODIS-SST ECMWF (European Centre for
Medium-Range Weather Forecasts) based model is
the algorithm implemented for SST calculation.

The graph in Figure 5 shows the SST values in
the near, far and cumulative zones from the coast
overlaid with fish catch data. The graphs shows the
SST data plotted from 2003 to 2012. SST-0-15 km is
the coastal zone of 0-15 km, SST-15-30 km is the
deep sea zone of 15-30 km and SST-0-30 is the 0-30
km zone. Fish catch data is shown in the secondary
axis of the graph. It can be seen from the graph that
the ideal temperature for fishes is between 27.9 to

28.2° C. It can be inferred that, in this temperature
range the fish catch has increased. Increase of
temperature above 28.2 and decrease in temperature
below 27°C has resulted in decline in fish catch.

Table 2 shows the correlation of SST with Fish
catch data. The correlations show that SST is highly
correlated to fish catch in the 0-15 km stretch whereas
the correlation is lower away from coast and lowest in
the cumulative zone.

Chlorophyll-a is found to be highly correlated
with fish catch in the zone away from the coast,
while, around the near coast zone there seems to be
little or no correlation between these two parameters.
Reason for this decline could be attributed to the
interference of high suspended particulate matter
concentrations in these waters (high sediment load
coming from the land) affecting the accurate
estimation of chlorophyll from satellite data.
Increased sediments can hinder the estimation of
chlorophyll (Han, 1994). Overall, in the 30 km stretch
chlorophyll is better correlated as compared to SST.

Figure 6 shows December 2004 SST image for
the study area. Points 1 and 2 marked on the map are
the hotspot locations that have been marked from the
SST data. These areas have warm masses of water in
the Thane creek and Mahul creek that lie on the
eastern Mumbai. This could be due to the discharge
from industries located in the North/North-east of
Mumbai region (MCGM, 2005). The observations of
Azmi et al. (2013) from the SST images clearly
suggest anthropogenic interferences by sources of
thermal pollution. The distance from the coast is
found to have an inverse correlation with the variation
in SST. SST variation is found to decrease with
increase in the distance from the coast, which implies
that maximum possible variation in SST is near the
coast; whereas away from the coastline, the waters are
found to be very stable. During December, the area
near Vashi Creek was found to be less warm as
compared to the waters 5 km off the coast. Overall
temperature has been found to be increasing within
the short span of 7 years (2004-2010) in the coastal
waters, which excludes the year 2006, which was a La
Nifla year.

Conclusions

There are several conclusions that can be drawn
from this study with regards to Chlorophyll-a, SST
and fish catch. For the chlorophyll-a parameter, it has
been observed that fish catch shows a better
correlation in deep sea clear waters as compared to
the near shore turbid waters. Chlorophyll has
increased during 2008 and 2009 which is also
reflected by the increase in fish catch during the same
period. Chlorophyll and fish catch has declined for the
period of 2010 - 2012.

Currently, it is not easy to quantify the fish catch
fluctuations with in-depth analysis of phenology and
fish species distribution due to data constraints. A
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Figure 4. Chlorophyll-a concentration for the year 2003 using Chlor_a3 algorithm.
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Table 1. Pearson’s Correlation coefficients

SST-15-30 km
SST-0-15 km
SST-0-30 km
Fish Catch

Trend (SST-15-30 km)

- Trend (SST-0-15 km)

Trend (SST-0-30 km)

Table 2. Pearson’s Correlation coefficients

Distance from Coast (km) Chl-a vs Fish Catch Distance from Coast (km) SST vs Fish catch
0-15 0.065258 0-15 0.470359
15-30 0.460036 15-30 0.420842
0-30 0.431066 0-30 0.383855
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report by MoEF (2010) stated that time-series analysis
on fish stock biomass of different species does not
exist along the Indian coast. Based on the correlation
coefficients it can be concluded that around the near
shore areas, SST is a better indicator of fish yield as
compared to chlorophyll-a. The condition for fish
breeding is more suitable in clear waters within a
certain ambient temperature range. Around the 15-30
km clear water stretch, fish catch has a good
correlation with both chlorophyll-a and SST.
Correlation coefficients also point that chlorophyll-a
and SST can be used as parameters for further
modeling of fish production in this area with
threshold on SPM concentration. Station-wise fish
catch data if available can be used for zonal
correlations.

As pointed out in the discussion, it is evident
from the previous studies (MCGM, 2005, Azmi et al.,
2013), that there is discharge in the ocean from the
industries located in the North/North-east regions of
Mumbai, which are affecting the water quality and
this phenomena may affect the fish catch. Detailed
data pertaining to exact fish catch location (boat
location) along with species wise distribution can
make the correlations better representative of the
ground truth in the study area, which can lead to
significant improvement in species-wise predictions.

Acknowledgments

Authors would like to thank the Dept. of

m

S 0 20 30 40

Ceontral Effluent Treatmens Plant
Manul Creek

Fisheries, Govt. of Maharashtra, India for fishery
data; NASA for data support and IIT Bombay for
infrastructure. The MODIS Terra data is courtesy of
the online Data Pool at the NASA Land Processes
Distributed Active Archive Center (LP DAAC),
USGS/Earth Resources Observation and Science
(EROS) Center, Sioux Falls, South Dakota
(https://Ipdaac.usgs.gov/data_access)

References

Azmi, S., Agarwadkar, Y., Bhattacharya, M., Apte, M. and
Inamdar, A. 2015. Monitoring and trend mapping of
sea surface temperature (SST) from MODIS data: a
case study of Mumbai coast. Environmental
Monitoring and Assessment, 187 (4): 1-13
doi: 10.1007/s10661-015-4386-9

Beatley, T., Brower, D. and Schwab, A.K. 2002. An
Introduction to Coastal Zone Management (Second
ed.). London: Island Press, 352 pp.

Bhattacharya, M., Agarwadkar, Y., Azmi, S., Apte, M. and
Inamdar, A. 2010. In Identification of best-suited
chlorophyll estimation model in Mumbai coastal
waters during pre-monsoon season, Geospatial Data
and Geovisualization: Environment, Security, and
Society, Orlando, Florida, ISPRS Orlando, Florida.

Brown, O.B.; Minnett, P.J. 1999. Modis infrared sea surface
temperature algorithm, University of Miami: Miami,
91 pp.

Carder, K.L., Chen, F.R., Lee, Z.P., Hawes, S.K. and
Kamykowski, D. 1999. Semianalytic moderate-
resolution imaging spectrometer algorithms for
chlorophyll a and absorption with bio-optical domains
based on nitrate-depletion temperatures. Journal of



930 S. Azmietal. / Turk. J. Fish. Aquat. Sci. 15: 923-930 (2015)

Geophysical Research: Oceans, 104: 5403-5421.
doi: 10.1029/1998JC900082

Cheung, W.W.L., Lam, V.W.Y., Sarmiento, J.L., Kearney,
K., Watson, R. and Zeller, D. 2009. Large-scale
redistribution of maximum fisheries catch potential in
the global ocean under climate change. Global
Change Biology, 16(1): 24-35.

Commoner, B. 1991. Rapid population growth and
environmental stress. International Journal of Health
Services, 21(2): 199-227. doi: 10.2190/B8RU-HA91-
JIKW-PKUR

Darecki, M. and Stramski, D. 2004. An evaluation of modis
and seawifs bio-optical algorithms in the Baltic Sea.
Remote Sensing of Environment, 89: 326-350.
doi:10.1016/j.rse.2003.10.012

Department of Fisheries, 2013. Fishery Landing Data for
Maharashtra ports. In I. Bombay (Ed.): Department of
Fisheries, India.

DeSilva, M.S.A., A.C., Naik, R.K. and DeCosta, P.M. 2012.
Algal blooms: a perspective from the coasts of India.
Natural Hazards, 63: 1225-1253.
doi: 10.1007/s11069-012-0190-9

Diankha, O., Sow, B.A., Thiaw, M., and Gaye, A.T. 2012.
Seasonal variability of sea surface temperature,
chlorophyll-a and Ethmalosafimbriata abundance off
the coast of Senegal. Revista da
GestaoCosteiralntegrada, 2013, 13(4): 491-497.
doi:10.5894/rgci421

Gupta, S. 2005. Climate: Mumbai/Bombay pages. URL:
http://theory.tifr.res.in/bombay/physical/climate/
(Accessed 17 June, 2014.)

Han, L. 1994. Suspended sediments and algal chlorophyll in
surface water: An analysis of spectral radiance. Ph.D.
Thesis. The University of Nebraska - Lincoln, Ann
Arbor

Howden, M. 1995. Application of remote sensing for
monitoring the Sydney deepwater ocean outfalls.
Transactions on Ecology and the Environment, 1995,
7: 8-8. doi: 10.2495/WP950311

Kizhakudan, S.J., Raja, S., Gupta, K., Vivekanandan, E.,
Kizhakudan, J. K. and Sethi, S. 2014. Correlation
between changes in sea surface temperature and fish
catch along Tamil Nadu coast of India-an indication
of impact of climate change on fisheries? Indian
Journal of Fisheries, 61(3): 111-115.

Lane, D.M. Scott, D. Hebl, M.; Guerra, R. Osherson, D. and
Ziemer, H. 2014. Computing pearson's .
URL:http://onlinestatbook.com/Online_Statistics_Edu
cation.pdf (Accessed 18 August,2014)

Maharashtra Pollution Control Board. 2005. Introduction.
URL: http://mpcb.gov.in/aboutus/intro.php. (Accessed
15 August, 2009)

Minnett, P.J. 1990. The regional optimization of infrared
measurements of sea-surface temperature from space.
Journal of Geophysical Research 1990, 95: 413-497.

MoEF. 2010. Climate change and india: A 4x4 assessment;
INCCA: Indian Network for Climate Change

Assessment: p 160.
http://www.moef.nic.in/downloads/public-
information/fin-rpt-incca.pdf, Accessed November
2010

Perry, A.L., Low, P.J., Ellis, J.R. and Reynolds, J.D. 2005.
Climate change and distribution shifts in marine
fishes. Science 2005, 308: 1912-1915.
doi: 10.1126/science.1111322

Portner, H. O. and Peck, M. A. 2010. Climate change
effects on fishes and fisheries: towards a cause-and-
effect understanding. Journal of Fish Biology, 2010,
77(8): 1745-1779. doi: 10.1111/j.1095-
8649.2010.02783.x

Ramachandran, C., Aswathy, N., Vipinkumar, V.P., Shyam,
S.S., and Deshmukh, V.D. 2013. ICT-oriented
Strategic Extension for Responsible Fisheries
Management.
http://eprints.cmfri.org.in/id/eprint/9823.

Ranger, N., Hallegatte, S., Bhattacharya, S., Bachu, M.,
Priya, S. and Dhore, K. 2011. An assessment of the
potential impact of climate change on flood risk in
Mumbai.  Climatic  Change, 104:  139-167.
doi:10.1007/s10584-010-9979-2.

Sawant, S.S., Prabhudessai, L. and Venkat, K. 2006.
Eutrophication Status of Marine Environment of
Mumbai and Jawaharlal Nehru Ports. Environmental
Monitoring and Assessment, 127(1): 283-291.
doi: 10.1007/s10661-006-9279-5

Solanlki, H.U, Dwivedi, R.M, Nayak, S.R., Jadeja, J.V.,
Thakar, D.B., Dave, H.B. and Patel, M.l. 2001.
Application of Ocean Colour Monitor chlorophyll and
AVHRR SST for fishery forecast: Preliminary
validation results off Gujarat coast, northwest coast of
India Indian Journal of Marine Sciences 30: 132-138.

Space Applications Centre (ISRO). 2012. Coastal Zones of
India. Ahmedabad: Space Applications Centre, ISRO.
Ed. 1, 597 pp.

Sumaila, U.R., Cheung, W.W.L., Lam, V.W.Y., Pauly, D.
and Herrick, S. 2011. Climate change impacts on the
biophysics and economics of world fisheries. Nature
Clim. Change, 1(9): 449-456.
d0i:10.1038/nclimate1301

Vivekanandan, E. and Jeyabaskaran, R. 2010. Impact and
adaptation options for indian marine fisheries to
climate change. In: Climate change adaptation
strategies in agriculture and allied sectors. Scientific
Publishers: New Delhi, 63-72

YSI. 2014. The basics of chlorophyll measurement. URL:
http://www.ysi.com/media/pdfs/T606-The-Basics-of-
Chlorophyll-Measurement.pdf, (Accessed March 13,
2014)

Zainuddin, M., Saitoh, S.i. and Saitoh, K. 2004. Detection
of potential fishing ground for albacore tuna using
synoptic measurements of ocean color and thermal
remote sensing in the northwestern North Pacific.
Geophysical Research Letters, 31(20):
doi: 10.1029/2004GL021000


http://theory.tifr.res.in/bombay/physical/climate/
http://onlinestatbook.com/Online_Statistics_Education.pdf
http://onlinestatbook.com/Online_Statistics_Education.pdf

