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Abstract

Bay of Bengal.

Keywords: Cyclone; Sea surface height; Chorophll-a

Tropical cyclone JAL developed in the south Bay of Bengal and worn south coastal Andhra Pradesh on November 7, 2010. The main objective
of this study was to investigate the ocean’s response before and after the passage of cyclone in the southern Bay by utilizing the multi-satellite
approach. For this study, I used Sea Surface Temperature (SST), Chlorophyll-a (Chl-a), and Sea Surface Height (SSH) data production from
different remote sensing satellites. JAL induced large scale of upwelling within large cooling of sea surface (~ 1.2°C), enhancement of Chl-a ~ 0.4
mg/m? in the open ocean and 2-3mg/m? along the coast, and decrease of SSH (~15cm) in the southeast Bay of Bengal after its passage. After the
JAL, the upwelling area expanded rapidly on the shelf break. Chl-a images also revealed high values (~3.3mg/m?) appeared in the shelf region,
where the high Chl-a patterns matched the upwelling in terms of location and time. Large offshore surface cooling was also observed mainly to
the right of the cyclone track. From the above observations it is evident that cyclonic storm JAL significantly increased upwelling in the southern

Introduction

Cyclones pose a great havoc to coastal cities and its gale
winds changes the upper ocean properties in the tropics.
Previous studies reveal that strong cooling is observed along the
cyclone track [1-3]. It also plays an important role in enhancing
phytoplankton bloom and primary productivity in oligotrophic
oceanic waters, especially in cyclone-dominated seas. The Bay
of Bengal is the most vulnerable region to hazard of intense
tropical cyclones during pre-monsoon (April-May) and post
monsoon (October - December) seasons [4]. In recent years the
bay experience more than 5 cyclones during the post monsoon
season compared with the Arabian Sea. Tropical cyclones
depend on the ocean for their energy supply. Observations have
shown that the state of the ocean has a great influence on the
intensities, structures, and even paths of tropical cyclones [5-9].
Upper ocean is greatly influenced by the cyclone gale winds. The
wind stress and pressure drop associated with tropical cyclone
generate turbulent mixing in the ocean, generate ocean currents,
and alters the ocean’s thermal structure. Strong wind momentum
helps to bring the subsurface water from a depth of 60 m,
because of that the surface water shows strong cooling (1-7°C)
also the very deep mixed layer during post cyclone stage [10-

13]. This cooling is mainly due to the vertical turbulent mixing
induced by the strong momentum flux into ocean currents and
accompanied entrainment of cooler thermocline water into the
upper mixed layer. The magnitude of the surface cooling plays a
vital role on reduction of the energy supply to cyclone for further
intensification [13]. The main purpose of the study is to examine
the physical and biological changes in the upper layers of the Bay
water at different stages of Jal cyclone.

Data and Methodology
Cyclone Track

India Meteorological department provided the cyclone data
which includes maximum sustained surface wind speed and
location of the cyclone center every 6 hours interval during 1 - 7
November 2010 (www.imd.go.in).

Satellite data

Daily Sea surface temperature merged product
(AVHRR+AMSR-E) at a spatial resolution of 25 km from Remote
Sensing System (www.remss.com) for the study of physical
response. Biological changes like chlorophyll-a concentration
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observed from MODIS satellite and seas surface heights were
obtained from TOPEX/Poseidon satellite.

Results and Discussion

On November 1, 2010, a depression was formed in the south
Bay of Bengal and it continued moving west slowly. Late on
November 3, it took a form a tropical cyclone that prevailed on
November 4 and 5. Early on November 6, it further strengthened
into category 1 storm, which was named “JAL”. On November 7
weaken into a cyclonic storm and further weaken into a Deep
Depression and made landfall near Chennai. Before the arrival

of JAL cyclone, SSTs were 29.2-30.2°C in the whole study region
of 7-16°N, 78-90°E. Soon after JAL's passage, a large region of
cooling occurred, as the first available AVHRR-AMSR SST image
of November 9 has indicated (Figure 1). Generally, SSTs of 27.8 ~
28.4°C were detected over the area of 10-13°N, 83-86°E. The size
of the patch was about 300 km2. Note that the SST dropped as
much as 1.4°C on average. The location of the cold patch agreed
with most of the reported results of cyclone induced cooling
[14], which was to the right of the track, but in this case left side
cooling area was also observed. However, the drop of SST was
the most significant cyclone cooling cases reported so far.
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Figure 1: Sea surface temperature before and after the passage of cyclone Jal White line is cyclone track
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Figure 2: Sea surface height and geostrophic currents (arrows) before and after the cyclone White line represents cyclone track.
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In the area of tremendous cooling, SSH data showed a pre-
existing anticyclonic eddy (Figure2), which together with
another located in the southern basin (north of 10°N), formed
a basin scale anticyclonic circulation in November driven by
the northeast monsoon prevailing in this season. Changes in
SSH before and after JAL demonstrated that a maximum cooling

of ~1.2°C was located in the area of minimum SSH, and the
magnitude of cooling decreased with increasing SSH (Figure2).
Thus, the strong winds of JAL (60-70 knots) had drastically
intensified cyclonic circulation. The highest drop of SSH was up
to 15 cm. Therefore, the occurrence of a cold Chl-a patch after
JAL's passage in such an area was conceivable. Cyclone induced
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strong upwelling together with entrainment mixing over the
water, which had originally had an upward doming of cold water
due to eddy pumping, resulted in Chl-a enhancement both from

upward entrainment of the phytoplankton to the surface from
the deep Chl-a maximum and from new nutrient injection from
the deeper water into the upper water.

Ve

Figure 3: Satellite derived chlorophyll-a concentration before and after the JAL cyclone.

Figure 3 depicts satellite derived chl-a concentration images
on the last week of October (before JAL) and the second week
of November (After JAL) respectively. These images clearly
show biological responses of the cyclone-induced ocean. Chl-a
concentrations were low at 0.01-0.12 mg/m3 for the whole
south-central Bay of Bengal before the JAL cyclone. Two days
after the passage of JAL cyclone both open ocean and coastal
waters (right side of track, where the cyclone crossed the
land) got enriched with nutrient due to the vertical mixing
and entrainment process. Strong chl-a concentration with
a magnitude of ~0.5 - 0.65 mg/m3 observed off Chennai. It
coincides with the center of the cyclone eye and the cooling area
(Figure 1). The phenomena are clearly observed in the Chl-a
images and coincide with the cooling area ( ~300 km). The
enhancement of chl-a is more along the coast compared with the
open ocean.

Conclusion

In the Bay of Bengal, Jal cyclone induced physical and
biological changes were explored used remote sensing
observations. An extreme cooling area was observed in the
south-central Bay of Bengal after the passage of JAL. This cooling
area of approximately 300 Sq km occupied both left and right
sides of track. The cooling area, lowering of sea surface height
and enhanced Chl-a area were well matched in the open ocean.
Coupled models (ROMS and NEMO) require for further study of
the subsurface dynamics and other nutrients.
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