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The phytoplankton variability and ocean productivity have been studied with the retrieval of chlorophyll
concentration (CC) from various satellite ocean colour missions. The phytoplankton distribution is
related to ocean processes and physical parameters such as temperature, wind speed, currents, etc., at
regional and global scales. In the current study, the phytoplankton productivity has been observed in the
southeast Arabian Sea during southwest (SW, June–September) and northeast (NE, October–December)
monsoon seasons using merged chlorophyll product datasets during the years 2017 and 2018. There has
been an observation of high chlorophyll concentration (*5.0 mg m3) in the southeast Arabian Sea
(southern tip of India) during SW monsoon and less in NE monsoons (*1.0 mg m3). The spread in CC
has been observed maximum during July–September. High anomaly of CC was observed along northeastern Arabian Sea during northeast monsoon months of 2017 due to the very severe cyclonic storm
Ockhi. Similarly, during August 2018, high chlorophyll concentration was observed (18.8 mg m3) in
south-eastern tip as a result of heavy rainfall and discharge of nutrient rich riverine water. The sea surface
temperature (Modis-Aqua SST) has been observed to be cooler (26–27°C) in the SE Arabian Sea coastal
waters during July–August as compared to warmer (28–30°C) surrounding waters. During the SW
monsoon (June–August), the wind speed has been observed to be of high magnitude (*10 m/s), which
was not evident during September. The alongshore (north-westerly) wind has been observed during
July–September in the near coastal water that causes coastal to oAshore moving Ekman mass transport
(EMT). Similarly, the alongshore (north-easterly) wind has been observed during December in the
southern tip of India and oA Sri Lankan west coast. The strong zonal EMT (–1500 to –500 kg/m/s) has
been observed in the southeast Arabian Sea during July–September 2017 and 2018 which is weak to
moderate ([ –500 kg/m/s) in NE monsoon months. Statistical analysis has been made between SST,
wind speed and CC which shows significant correlation coefBcient (r [ 0.6, p \ 0.001). Hence, the present
study confers that the alongshore wind and high wind speed regions are favourable to upwelling events
and have been responsible for cooling of SST resulting in high productivity zones in the southeast Arabian
Sea, which is important from the point of view of marine Bshery and ecosystem assessment.
Keywords. Southeast Arabian Sea; alongshore wind stress; marine Bshery; ocean productivity.
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1. Introduction
Phytoplankton is at the bottom of the food chain,
creates organic matter from inorganic compounds
and carbon dioxide, which is termed as phytoplankton primary production (PPP). The rate of
PPP is a basic property of aquatic system and
measurements of primary production are essential
for the understanding of carbon cycle (Lafond
1957). Satellite data have been widely used to
derive several biogeochemical parameters (Falkowski and Woodhead 1992; Morales et al. 2013)
namely, total suspended matter, Chlorophyll
a (Chl-a), and diffuse attenuation coefBcient (Kd),
photosynthetically active radiation (PAR). Remote sensing satellite data with high spatial and
temporal resolution provides continuous monitoring of oceans which is useful for the variability
studies of above said biogeochemical parameters.
Various researchers estimated chlorophyll-a concentration along coastal and oAshore waters that is
not globally applicable because of the uncertainty
in the accuracy (Abbott and Zion 1985). Finetuning of retrieved ocean colour parameters with
in-situ bio-optical data (like remote sensing
reCectance (Rrs), aerosol concentration, etc., is still
required for accurate quantiBcation over regional
waters. However, studies on chlorophyll concentration and its variability need understanding of
external forcing mechanism that controls the spatial distribution of phytoplankton bio-mass data
(Nieto and Melin 2017). Hence, the variation of
phytoplankton concentration needs to be analysed
with satellite derived bio-optical data and linkage
to foresaid external forcing mechanisms.
Upwelling is such a mechanism responsible for
phytoplankton variability caused by wind driven
processes. Upwelling is an ascending motion, which
brings nutrient rich deeper water to surface by
removing the prevalent waters in horizontal Cow
(Bakun 1973; Casas et al. 1997). The nutrient uplift
together with optimal insolation/photosynthetic
active radiation (PAR) increases the ocean productivity. Summer monsoon (June–September) is
the favourable time for strong upwelling event
along the southeast coast of India (Smitha et al.
2008, 2014; Jayaram et al. 2010, 2013), which
clearly shows that upwelling process is season
dependent. Seasonal wind vectors blowing over the
region favours the occurrence and intensity of
upwelling events. The alongshore wind stress
component blows parallel to the coast couples with
Coriolis force makes 90° shift in the horizontal
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movement of surface waters (Enriquez and Friehe
1995). Ekman transport and Ekman pumping
velocity calculated from wind-derived products
gives qualitative and quantitative information of
horizontal movement and vertical movement of
ocean waters, respectively. The key points for the
identiBcation of upwelling zones are: (1) wind
direction parallel to coast (in coastal upwelling),
(2) low sea surface temperature (SST), (3) low sea
surface height (SSH), (4) zonal Ekman transport
and divergence of Ekman transport (oAshore
upwelling), (5) positive wind stress curl and Ekman
suction velocity and (6) high chlorophyll concentration. Based on the foresaid interpretation keys,
operational forecast of potential Bshing zone (PFZ)
are being generated and delivered to Bshermen
which has significant commercial value (Choudhury et al. 2007; Jishad et al. 2019). Hence, the
present study is planned to identify the high productive zones by interpreting satellite-based
observations of oceanographic parameters (CC,
SST, wind-derived products) on seasonal scale for
the years 2017 and 2018.

2. Data and methods
Monthly averaged sea surface chlorophyll (SSC)
data at 4 km spatial resolution was obtained for
the years 2017 and 2018 from GlobColour project
(http://hermes.acri.fr). This data is a merged
product of SeaWIFS (Sea Viewing Wide Field-ofView Sensor), MODIS Aqua (MODIS-Moderate
Resolution Imaging Spectroradiometer-Aqua),
MERIS (MEdium Resolution Imaging Spectrometer) and VIIRS (Visible Infrared Imaging
Radiometer Suite) sensors. Level 3 monthly averaged sea surface temperature (SST) data from
MODIS Aqua at 4 km resolution were obtained.
Level 4 daily wind data from SCATSAT 1 scatterometer were obtained for the months July to
December, 2017 and 2018 from http://mosdac.gov.
in. SCATSAT is Ku-band pencil beam active
microwave radar operating at 13.5 GHz providing
a ground resolution of 25 9 25 km which is
designed to measure ocean surface level wind vectors. The present study is focussed to discuss the
chlorophyll variability in southeastern Arabian Sea
based on SST and wind datasets. Subset was made
from the collected SSC and SST data as per the
study region displayed in Bgure 1. The study
region is between 6–22°N and 69–80°E in the west
coast of India.
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Me ¼ sy =f ;

ð3Þ

where Me is the Ekman mass transport (kg/m/s),
f is Coriolis parameter (s1). As the wind is equatorward, the negative sign for Me is taken as
oAshore transport that leads to upwelling (Pankajakshan et al. 1997; Shah et al. 2019). Seasonal
analysis of satellite derived upwelling events and
its impact in ocean productivity over the study
area can be analysed through qualitative and
quantitative analysis of phytoplankton concentration in relation with physical oceanographic
variables (SST and wind derived datasets).
3. Results and discussion

Figure 1. Location map of the study region. Nine subsets of
2 9 2° grid has been selected along the coastal (red box) and
oAshore region (blue and green) of study area for the
quantitative analysis.

Monthly mean wind speed were calculated from
the zonal (u) and meridional (v) components as
follows:
pﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
ð1Þ
wind speed ¼ u 2 þ v 2 :
Monthly mean wind velocity maps were
generated for the months July–December of 2017
and 2018. Upwelling intensity can be estimated
from the zonal Ekman mass transport which is
perpendicular to the direction of alongshore wind
in the region. Hence the alongshore wind stress and
zonal Ekman transport data were generated using
the bulk aerodynamic formula (equations 2 and 3)
used by Bakun 1973
sy ¼ qa Cd Wmag V ;

ð2Þ

where sy is the meridional wind stress (N/m2),
qa is density of air=1.25 kg/m3, Cd is wind dependent drag coefBcient, Wmag is the magnitude of
wind speed (m/s), and V is meridional wind speed
(m/s).

The present study discusses the spatial and
temporal analysis of chlorophyll concentration due
to the physically-driven forces along Indian coastal
and oAshore regions of Arabian Sea. SST is the
proxy parameter to collocate and link with
upwelling phenomenon in coastal waters. The
bottom water has to get lifted up to surface with
eAect of upwelling. Hence, SST plays a crucial role
to identify the existence of upwelling phenomenon.
The chlorophyll-based productivity is enhanced
due to upwelling and convection of nutrients in
surface waters, which happens during southwest
monsoon months in south-eastern Arabian Sea oA
Kerala coast and surrounding waters (Jayaram
et al. 2010, 2013). The zonal and meridional wind
components data provided by SCATSAT 1 forms
the basis of this study. The mean wind vectors and
its derivatives were discussed and linked with
ocean productivity.
3.1 Observation during southwest monsoon
Chlorophyll maps presented in Bgures 2 and
3(a–d) for the SW monsoon months (June–
September) of the year 2017 and 2018 show that
the chlorophyll concentration (CC) was found to
be higher in the order of [ 3 mg m3 along the
entire west coast of India. In August 2018, the
chlorophyll concentration (CC) at southeastern tip
was observed in the range of 18.8 mg m3 which is
10 times higher than August 2017. During 1–19,
August 2018, rainfall over Kerala was observed
exceptionally high and received 758.6 mm rain,
where the normal rainfall during that period was
287.6 mm during 2017 (CWC 2018). There was
heavy Cood along the Kerala coast with excess
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Figure 2. Monthly average maps of (a–d) chlorophyll concentration, (e–h) SST, (i–l) wind speed with vectors and (m–p)
alongshore wind stress for the southwest monsoon months (June–September) 2017. North-westerly wind vector has been
highlighted in Bgure (j) which favours the upwelling process.

riverine discharge during the monsoonal phase.
High freshwater discharge into the coastal region
inCuences SST and favours the coastal productivity (Shafeeque et al. 2019; Dandapat et al. 2020).
Hence, during August 2018, because of the
abnormal rainfall and heavy discharge of nutrient
rich riverine water into southeastern tip resulted
in high anomaly of chlorophyll concentration (18.8
mg m3). The trend of sea surface temperature
(SST) was found to be high in June and September
months (28–30°C) and low in July and August

months (27–29°C) for the year 2017 and 2018
(Bgures 2 and 3e–h). A cold pool of water at the
southeastern tip of India across 8–10°N latitude
was observed with 2° temperature gradients than
surrounding waters. This cooling of water and
subsequent high chlorophyll based productivity is
analysed in support of wind datasets provided by
SCATSAT 1 scatterometer.
Wind speed was computed and displayed in
Bgures 2 and 3(i–l) for the years 2017 and 2018.
During June 2017 and 2018, the mean wind speed
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Figure 3. Monthly average maps of (a–d) chlorophyll concentration, (e–h) SST, (i–l) wind speed with vectors, and (m–p)
alongshore wind stress for the months June–September 2018. Here, the stretch of high intensity of upwelling has been restricted
along the southeastern coastal tip (highlighted in Bgure o).

was higher in oAshore regions (10–15°N) with 8–10
m/s than surrounding regions (5–8 m/s). In July
2017 and 2018, wind speed gets intensiBed with
10–12 m/s across 12–20°N, whereas wind speed
decreased relatively than June month in southeastern Arabian Sea with change in direction from
westerly to north-westerly. The same pattern was
observed in August month with north-westerly
vectors below 15°N. The wind speed was observed
to be \ 5 m/s in September 2017 and 2018 month
with north-westerly direction. The negative

alongshore wind component is considered to be the
positive factor for upwelling due to which surface
water is displaced in inclined direction from landmass to oAshore region. The role of Ekman transport is required to be understood which moves 90°
to the alongshore wind direction (Bakun 1973;
Abbott and Zion 1985). This movement happens in
clockwise direction in northern hemisphere, which
is evident in the zonal Ekman transport values
generated for the SW monsoon months,
June–September 2017 and 2018 (Bgure 4a–h). The
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Figure 4. Monthly average maps of zonal Ekman transport (a–d) July–September 2017 and (e–h) July–September 2018. In
both the years, oAshore transport has been initiated in June month at southern tip and gets intensiBed towards northern and
oAshore regions in July, August months.

alongshore component blows from north to south
(represented by negative symbol) which coupled
with zonal wind from west to east results in northwestern direction favouring the upwelling phenomenon (Bgures 2 and 3m–p). Wind direction is
almost westerlies in June month of 2017 and 2018
with positive alongshore wind stress resulting
in no oAshore transport (positive Ekman transport
leads to onshore transport (k) (Pankajakshan et al.
1997)). During July 2017 and 2018, the upwelling
favourable negative alongshore wind stress gets
strengthened at the southern region and spreads to
oAshore and northern region in August and
September months of 2017 and 2018. This negative
alongshore wind stress transports the surface water
towards oAshore (i.e., east to west represented by
negative symbol) shown in Bgures 2 and 3(m–p),
which favours the upwelling event. Strong negative
Ekman transport was observed in the range of
1500 kg/m/s at the southeastern coastal region
and weak to moderate transport was observed at
oAshore regions in the range 500 kg/m/s. The
range and pattern of Ekman transport for the SW
months at the southeastern Arabian Sea indicates
that period and maximum intensity of upwelling
process is during July and August. This result is
similar to the study carried out by Smitha et al.
(2014) and Shah et al. (2019). The horizontally

displaced surface waters were replaced by nutrient
rich bottom waters which manifests as lower sea
surface temperature and enhances productivity.
This is evident in July and August chlorophyll and
SST maps (Bgures 2 and 3a–h). In September 2017
and 2018, the negative Ekman transport was
observed throughout the study region but weak
wind speed inhibited the vertical motion of water
and thereby decreased the upwelling intensity. SST
was observed to be increased after July and August
months in the range of 28–30°C. From Ekman
transport data, it was observed that upwelling was
strong in July month for the year 2017 extending
up to 16°N northern and oAshore region. However,
during August 2018, upwelling was conBned along
the coastal region between 8 and 11°N. This is
evident from the statistical mean values of SST
obtained from the 2 9 2° subset-a (shown in
Bgure 1), which is in the range of 27.5°–25.8°C in
July 2017 and August 2018, respectively. Similar
observations were found in chlorophyll concentration (displayed in Bgures 2b and 3c) which showed
values of 5.29 and 18.85 mg m3 for July 2017 and
August 2018, respectively. Hence, the present
study indicates that low SST (25.5–27.5°C) coupled with negative alongshore wind stress are the
major keys to identify the productive regions in the
ocean. Apart from those physical processes, high
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runoA due to heavy precipitation enhances the
chlorophyll concentration, which is evident in
August 2018 (Bgure 3c).

3.2 Observation during northeast monsoon
months
During NE monsoon months (October–December)
of the year 2017 and 2018, the chlorophyll concentration (CC) along the entire west coast was in the
range of 2–3 and 0.1–1 mg m3 in oAshore waters
(Bgures 5 and 6a–c). During November and
December months of 2017, CC was relatively higher
in northern region around 14°–15°N latitude than
surrounding regions. This abnormal CC is due to
the very severe cyclonic storm ‘Ockhi’ which
aAected the southwest Bay of Bengal and changed
its course towards Arabian Sea. The intensiBed
storm travelled across Lakshadweep and weakened
near the south coast of Gujarat on December 6th
(IMD 2017). Storm Ockhi caused high rainfall
around the Maharashtra and Gujarat coastal
regions. As a result of high precipitation, chlorophyll concentration was observed higher in
December 2017 (red patch of CC in oA Gujarat
coast, Bgure 5c). The cyclonic wind stress by storm
Ockhi is the major driver for this high anomaly of
chlorophyll concentration. SST decreases from
29°–27°C in the northern regions, whereas southern
regions maintain 29–30°C (map displayed in
Bgures 5 and 6d–f). In December months of 2017
and 2018, the CC decreased (\ 0.5 mg m3) at the
southeast tip between 8 and 10°N latitudes. During
October 2017, the magnitude of northerly wind was
around 4 m/s in northern oAshore waters above
(15°N) which changes its direction to north-westerly and westerly with increasing magnitude (above
5 m/s) while blowing down the latitudes (Bgure 5g).
The wind vector in November 2017 month
(Bgure 5h) was north-easterly in northern coastal
and oAshore waters with magnitude 4–6 m/s and
north-westerly in southern coastal and oAshore
waters with decreased magnitude 1–3 m/s. During
December month of 2017 and 2018, wind pattern is
almost north-easterly with magnitude (4–6 m/s) in
oAshore regions and low magnitude (\ 3 m/s)
towards coastal region (Bgures 5 and 6i). In October 2018 (Bgure 6g), the wind blows north-easterly
between 10 and 22°N latitudes and changes its
direction to westerly and north-westerly along the
southern coastal areas with low speed (1–3 m/s).
The wind pattern of November 2018 is similar to
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December month but the wind speed is weak in
southern oAshore and coastal regions (Bgure 6h).
The strong negative alongshore wind stress was
observed in northern and oAshore regions, whereas
the southern coastal region shows weak and positive alongshore wind stress during northeast monsoon months for the year 2017 and 2018 (Bgures 5
and 6j–l). The same trend is noted in Ekman
transport data which is strong in oAshore and
northern region with transport rate \ 1000 kg/
m/s and becomes weak and positive ([ 500 kg/
m/s) from northern to southern as well as oAshore
to coastal regions (Bgure 7). However, this negative Ekman transport does not favour the coastal
upwelling phenomenon because of the lack of
north-westerly wind that blows parallel to the
coast. In northeast monsoon, the wind pattern is
almost northerly and north-easterly which supresses the oAshore movement of coastal waters and
upwelling process. This lack of oAshore transport
obstructs the ocean productivity which is evident
from chlorophyll and SST maps (Bgures 5 and
6a–f) that shows low concentration of chlorophyll
and high SST at the southeastern tip of Arabian
Sea.

3.3 Comparative studies between southwest
and northeast monsoon
The present study discusses the upwelling phenomena along the eastern Arabian Sea with bounds
6°–22°N and 69°–80°E. The study area has been
divided into nine subsets (a–g) of 2 9 2° grids over
coastal and oAshore regions (represented in
Bgure 1). Monthly mean values of CC, SST, wind
speed, wind direction and Ekman transport were
computed for July–December months of 2017 and
2018. Tables 1 and 2 show the monthly mean values of CC, SST, wind speed, wind direction and
Ekman transport computed for the subset-a and
subset-g (shown in Bgure 1), respectively. From
the analysis of 2017 and 2018 datasets, it was
observed that the CC was found to be higher in
coastal regions ([ 3 mg m3) and lesser in oAshore
regions (\ 1 mg m3) for the SW monsoon months
which is opposite for NE monsoon months where
CC is low at southeastern tip (\ 1 mg m3) and
increasing trend towards oAshore region ([ 0.5 mg
m3). During 2017, CC was higher along northern
oAshore regions around 14–16°N than other
northeast months ([ 2.0 mg m3, oA Gujarat) due
to the storm Ockhi. During southwest monsoon
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Figure 5. Monthly average maps of (a–c) chlorophyll concentration, (d–f) SST, (g–i) wind speed with vectors, and
(j–l) alongshore wind stress for the months October–December 2017. Impact of storm Ockhi has been visualised as high CC
(in December 2017) with low SST along oAshore regions of study area.

months, the high CC at southeastern region
is favoured by cold pool of water between 8 and
10°N which is absent in northeast monsoon
months. The above lowering of SST is due to the

annually occurring coastal upwelling phenomenon
which is intense in July and August months. Previous studies stated that the north-westerly winds
are responsible for the upwelling event which was
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Figure 6. Monthly average maps of (a–c) chlorophyll concentration, (d–f) SST, (g–i) wind speed with vectors, and (j–l)
alongshore wind stress for the months October–December 2018.

observed at southeastern tip of Arabian Sea during
southwest monsoon months. During October–
December, the wind pattern is almost northerly
and north-easterly which is not suitable for lifting
of bottom cool water and lowering of SST.

However, the lack of north-westerly wind is the
reason for the non-occurrence of upwelling process.
The upwelling process was observed in October
2017 and 2018 due to the presence of north-westerly winds at southeastern tip which causes the

5
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Figure 7. Monthly average maps of zonal Ekman transport (a–c) October–December 2017, (d–f) October–December 2018.
Southeastern Arabian Sea shows less zonal Ekman transport (weak negative values and positive) compared to northern and
oAshore regions.
Table 1. Statistical mean values obtained from the coastal region (subset ‘a’) of southeastern
Arabian Sea (8°–10°N and 75.5°–77.5°E).
Year

Month

CC
(mg m3)

SST
(°C)

Wind speed
(m s1)

Wind direction
(degrees)

Ekman transport
(kg/m/s)

2017

June
July
August
September
October
November
December
June
July
August
September
October
November
December

1.44
5.30
2.00
4.21
1.35
1.31
0.49
3.66
1.58
18.86
3.61
0.58
0.62
0.29

28.35
27.41
26.79
28.13
29.14
29.51
29.19
27.59
27.11
25.87
28.11
30.03
29.81
29.40

5.55
5.46
4.44
3.87
3.24
1.49
1.90
5.78
5.08
4.92
3.69
1.43
1.29
1.78

99
116
113
99
101
167
246
94
116
116
135
96
269
225

331.76
934.90
563.18
164.78
134.67
150.29
108.23
135.83
747.05
708.94
655.81
31.64
12.67
155.64

2018

patch of low SST and high CC. Hence, the present
study confers that the negative along shore wind
stress coupled with positive zonal wind component
(blows from west to east) paves the way for high
productivity. Statistical mean values in table 1
shows that CC was found to be high in south-west
monsoon months and low in northeast monsoon.
The temperature gradient (around 2°C) was
observed at the south-eastern Arabian Sea in

southwest monsoon months (July and August) for
the years 2017 and 2018. Wind speed decreases
from 5.5 to 1.9 m/s throughout the year
(June–December). Figures 8 and 9 shows the statistical analysis between physical oceanographic
data values and chlorophyll concentration obtained
from the subsets (a–g) in the study area. Each
subset has 14 data values of individual oceanographic parameters and totally 108 data values
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Table 2. Statistical mean values obtained from the oAshore region (subset ‘g’) of northeastern
Arabian Sea (14°–16°N and 69°–71°E).
Year

Month

CC
(mg m3)

SST
(°C)

Wind speed
(m s1)

Wind direction
(degrees)

Ekman transport
(kg/m/s)

2017

June
July
August
September
October
November
December
June
July
August
September
October
November
December

0.07
–
–
0.16
0.22
0.32
2.04
0.12
–
–
1.17
0.21
0.20
0.31

28.94
27.74
27.43
28.51
29.20
28.62
26.79
27.74
26.40
26.28
28.61
29.38
29.34
28.42

9.17
10.43
8.22
4.96
3.41
5.16
4.74
9.37
11.45
9.68
3.55
2.70
4.31
5.15

72
80
88
122
175
195
206
78
75
73
118
214
210
207

1043.13
740.06
107.70
519.15
467.20
1016.53
799.34
704.26
1311.26
1099.26
233.36
241.81
635.94
937.24

2018

Figure 8. Correlation between monthly mean values of (i) SST and CC (top panel) and (ii) wind speed and SST (bottom panel)
for the months June–December of 2017 and 2018. (a) 108 mean data values of SST and CC obtained from nine subsets in the
study area, (b) only negative Ekman mass transport and the corresponding SST and CC data values (N = 82) has been selected,
(c) wind data conBned between 90° and 180° and the corresponding SST and CC data values (N = 40) has been selected, and
(d–f) correlation between wind speed and SST whereas the data point selection criteria is same as in (a–c).

from nine subsets (18 data points were neglected
because of the cloud cover and non-availability of
chlorophyll data) have been used. Here, the data
values are segregated into three sectors as all data
points (N=108), data values with negative Ekman
transport (N = 82, indication of negative oAshore

transport) and the data values with wind direction
conBned between 90° and 180° (N = 40, prevailing
of north-westerly winds). Figure 8(a, b) shows the
poor correlation between SST and CC for all data
points and negative Ekman transport values.
However, significant improvement in correlation
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Figure 9. Plot of correlation coefBcients obtained from single
(SST, CC and wind speed, SST) and multiple correlation
analysis with SST, WS (wind speed), WD (wind direction),
EMT (Ekman mass transport) as independent variables and
CC (chlorophyll concentration) as dependent variables.
Increasing trend of correlation coefBcient was inferred in the
order of –all points˝\–EMT\0˝\–90[WD\180˝.

coefBcient (r [ 0.6 with significance p \ 0.0001)
was inferred for the north-westerly wind data values (Bgure 8c). Similar trend was observed for the
correlation analysis between wind speed and SST
(Bgure 8d–f). The present study attempted to
make use of all physical driven parameters (SST,
wind data and its derivatives, Ekman transport)
together by multiple correlation analysis in order
to analysis the chlorophyll based productivity. As
in single correlation, multiple correlation analysis
also shows significant correlation between wind,
Ekman transport, SST (as independent variables)
and CC (dependent variable). Highest correlation
has been observed for the north-westerly wind data
points (r [ 0.7 and significance p \ 0.001) than
other two categories (Bgure 9). Hence, single and
multiple correlation analysis conBrms the manifestation of low SST due to high magnitude of
north-westerly winds for the enhancement in CC
with significant correlation coefBcient. However,
the intensity of chlorophyll enhancement associated with upwelling phenomena could not be
computed accurately as the former component
depends on many parameters like riverine discharge, atmospheric and metrological conditions
and natural calamities.
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monsoon months (July–August) for the years 2017
and 2018 with high chlorophyll concentration and
low sea surface temperature. The Ockhi cyclone
induced high CC anomaly observed in northeast
Arabian Sea during November 2017. There was
heavy rainfall and high input of nutrient rich
riverine discharge in northeast Arabian Sea during
August 2018. In corroborating with earlier studies,
southeastern region of the Arabian Sea is identiBed
as a prominent upwelling zone during summer
monsoon. The strong negative alongshore wind
stress with north-westerly winds of magnitude 5–7
m/s during July and August months lowers the sea
surface temperature by lifting bottom nutrient rich
cold waters and enhances the productivity. The
inter-annual and decadal variability in wind
information, upwelling indices and its eAect on sea
surface temperature and chlorophyll and linkages
to regional scale productivity will be taken up in
future studies.
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4. Conclusion
The seasonal variability of chlorophyll based
productivity is analysed with the help of SST and
wind datasets. The present study conBrms the
occurrence of upwelling event in southwest
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