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ABSTRACT: Sea temperature is one of the most important parameters influencing marine organisms
in the tropics. There is high inter-annual variation in sea surface temperature (SST) in the Bay of
Bengal with two maxima each year. High SSTs normally occur in April and October which are the
transition monsoon periods with the highest temperatures being recorded in April. During the last
decade, high SSTs occurred in 2003-2005 with particularly high values (around 32ºC) in 2010. Coral
bleaching was noted during these high SST years especially in 2010 which was the most severe mass
coral bleaching ever recorded on the Andaman Sea coast of Thailand. Observations of SST in coastal
waters and in the Central of Bay of Bengal appear to match each other quite well. The inter-annual
variation of SST in the Bay of Bengal could be influenced by large scale oceanographic processes in
the Indian Ocean such as the Indian Ocean Dipole (IOD) and El Nino.
INTRODUCTION
It is well known that ocean temperature
has significant impacts on marine organisms in
the tropics where many species are living close to
their thermal maximum. The seasonal and interannual variations of sea surface temperature (SST)
in the Bay of Bengal and Andaman Sea are closely
related to oceanographic processes influenced by
air-sea interactions (Narvekar and Kumar, 2006).
The Thai coastal waters bordering the Andaman
Sea are also influenced by other oceanographic
processes, such as internal waves, which bring
bottom waters characterised by low temperature,
low dissolved oxygen, low pH and high salinity
and nutrients to the shore. The greatest influence
of internal waves is normally experienced during
the early part of the year with internal wave
intensity varying on an inter-annual basis. For
example, in early 2007 there was a strong influence
of internal waves on coastal waters. The
phenomenon caused widespread plankton blooms,
fish mortality (mainly demersal species), and large
areas of dead soft coral in Thai coastal waters on
the Andaman Sea coast.
The general pattern of sea surface
temperature (SST) in the Bay of Bengal (BoB) is
different from the Arabian Sea and South China
Sea, even though they are located at approximately
the same latitude. In BoB there are two SST peaks

in a year, which occur during the monsoon
transition periods in April and October. The highest
SST normally occurs around April, which
corresponds well with the onset of the southwest
monsoon (climatologically towards late April or
early May) over the Bay of Bengal (Liu, 2009; Jiang
and Li, 2011; Li (pers. com). But 2010 was very
unusual in this respect. The summer monsoon
onset over the BoB was surprisingly delayed until
late May and a significant positive SST anomaly
(SSTA) resided in the central BoB and Andaman
Sea from April to late May, resulting in the highest
SST record during the last decade (Figs. 1a-b and
Fig.6). This marked thermal effect is likely to have
been the main cause of mass coral bleaching in
the Andaman Sea. Coral bleaching was first
identified in the second week of April 2010 with
the first coral mortalities noted by the end of May,
though bleaching in some species continued for
several months with consequent delayed mortalities
(see Brown and Phongsuwan in this volume).
Brown et al. (1996) noted that the occurrence of
coral bleaching in the Andaman Sea coincided with
a high SST (monthly average) value exceeding
30.1°C (in May).
The purpose of this paper is to present
the observations of sea surface temperature (SST)
and sub-sea surface temperature (SSST) in the
Andaman Sea during 2010. The SST pattern
throughout 2010 in both the central part of the
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Figure 1. Daily time series of (a) wind vectors, (b) Sea Surface Temperature (SST; 1 m depth), and
(c) Salinity (PSU; 1 m depth), during period 2008 to 2010 measured by RAMA Array at location (90°E,
12°N) (RAMA: Research Moored Array for African-Asian-Australian Monsoon Analysis and prediction)
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Bay of Bengal and the waters of Thailand’s
Andaman Sea coast is summarized. Possible
mechanisms influencing the anomalous high SST
are also discussed.
MATERIAL AND METHODS
The three major sources of SST and SSST
data in the central part of BoB and Andaman Sea
in this study were obtained from;
(a) The daily SST data of the central part
of Bay of Bengal collected by the RAMA Buoy,
which is operated by the Research Moored Array
for African-Asian-Australia Monsoon Analysis and
Prediction (RAMA) Programme, and which is
located at 12°N and 90°E. The in situ SST was
measured at noon each day. The buoy also
measures other oceanographic parameters such as
sea temperature and salinity profiles (from the
surface to 300 meters depth), current velocity and
direction profile as well as meteorological data
above water.
(b) The high resolution satellite for SST
[Advance Very High Resolution Radiometer
(AVHRR)- Advance Microwave Scanning
Radiometer (AMSR)] at a location of 12°N and
90°E and its images over the BoB obtained from
NOAA-Office of Ocean and Atmospheric Research
(OAR)-Earth System Research Laboratory (ESRL)
through the Indian National Centre for Ocean
Information Service (INCOIS), India;
(c) The SSST from the offshore island
chain along the Andaman Sea coast of Thailand
was measured at different depths on selected reefs
using a temperature logger (Onset Computer
Corporation, USA, Model Tidbit V2 Temp). The
logging interval was 20 minutes.
RESULTS AND DISCUSSION
SST Pattern in the Bay of Bengal and Andaman
Sea:
Buoy measurements (RAMA Buoy at
location of 90°E and 12°N) revealed the evolution
of ocean conditions from 2008 to 2010 in the
central BoB. Two SST peaks are clearly identified
in April and October (Fig.1b). It is also noted that
the SST peak is normally associated with low sea

surface salinity preconditioning (Figs.1b-c). The
distribution of low salinity water, driven by the
surface circulation, is a very unique process in
the BoB (Wu et al., 2007). The mean, maximum,
and minimum SST in the central BoB, obtained
from the RAMA buoy, during 2008-2010 is shown
in Table 1. The NOAA OI daily SST at its peak
date (determined from the buoy data) from 2008
to 2010 is also shown for the BoB and Andaman
Sea (Fig.2). Results show a continuous increase
in SST from 2008 through to 2010.
Once the northeast monsoon relaxes, the
surface circulation brings fresh water from the
northern tip of the BoB and Andaman Sea to the
southern parts of the region. The consequent low
salinity dramatically changes the upper ocean
stratification by forming a shallow mixed layer.
This then favors a rapid SST increase in the central
BoB and Andaman Sea. Hence the surface
circulation adjustment, in response to the relaxation
of the winter monsoon, plays a critical role in
shaping the SST pattern.
Fig.2 shows that the SST in the central
BoB and Andaman Sea in 2010 is significantly
higher than that in 2008 and 2009. Unusually this
extremely high SST (over 32°C) lasted for more
than one month in 2010. Thus, it is not surprising
that severe mass coral reef bleaching occurred in
the Andaman Sea at this time.
Sub-sea surface temperature (SSST) in costal
of Thai’s waters
Schmidt (pers. com) measured the subsea surface temperature (at 7 m depth) on the west
and east coasts of Similan Island (Island No.4)
from March 2007 to March 2008 and found that
the maximum temperature occurred in late April
2007. Values of just above 30°C were recorded
for a few days before decreasing to below 30°C
over the period of observation. She found that
the SSST fluctuated differently on the east and
west coast of the island. On the west coast
(especially during the early months of the year),
SSST was more highly variable than on the east, a
result which is attributed to direct exposure to
internal waves originating in the Andaman Sea.
Observations of SSST in the Andaman Sea
(by the authors) in offshore waters on the Thai
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Table 1. SST in the central part of Bay of Bengal (mean, maximum, and minimum of SST) form
oceanographic data buoy (RAMA Programme) during 2008-2010.
Year

Mean (°C)

Max (°C)

Min (°C)

2008
2009
2010

28.66
28.95
29.19

30.31
31.06
32.45

26.97
27.07
27.30

Figure 2. NOAA OI daily SST satellite images of (a) mid April-2008, (b) mid May-2009, and (c) mid
May-2010. The highest SST of each year was obtained from data from RAMA Buoy in Figure 1.
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Figure 3. Seawater temperature was monitored at different water depths on the reef at offshore
islands on the Andaman Sea coast of Thailand during 2010 (by authors).
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coast from the north to south of Phuket during
2010 revealed a similar temperature pattern at all
sites. The highest temperature peak occurred in
mid to late May 2010. The temperature rose to >
30°C during mid-March and mid-June, when the
highest temperature was around, or in excess of
32°C (Fig.3), with two temperature peaks, the
highest in May and the lower one in October. The
temperature patterns in coastal areas and offshore
islands in the Andaman Sea, and in the central part
of the Bay of Bengal were similar (Figs.4a-c),

implying a relationship between the heating of the
Andaman Sea and the central of Bay of Bengal.
SST from Oceanographic data buoy and
Satellite data
Brown et al. (1996) showed that coral
bleaching in the Phuket area of the Andaman Sea
normally occurs when SST exceeds a threshold
of about 30.1°C. Since 1990, there have been
several years with reported coral bleaching, with
more severe bleaching occurring in 1991 and 1995.
These were surpassed by the bleaching event in

Figure 4. Comparison of SST of RAMA buoy at 12°N and 90°E and SSST from 3 sites in Andaman
Sea.
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Figure 5. Comparison of SST from RAMA buoy and NOAA High Resolution AVHRR AMSP (from
satellite image) at the same position (12°N 90°E) in the Bay of Bengal, showing high correlation
between these two data sets.
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Figure 6. Daily SST temperature in the central part of the Bay of Bengal (12°N 90°E) during the last
decade showing marked interannual variation of SST with moderately high SST values in 2003-2005
and extremely high values in 2010.
2010, which was the worst on record on the
Andaman Sea coast of Thailand (Phongsuwan and
Chansang- this volume). Data are available from
the oceanographic data buoy in the central part of
the Bay of Bengal for the last three years, together
with information from high resolution satellite
images (NOAA high resolution SST AVHRR
AMSP) over the last decade. The SSTs from
NOAA high resolution SST show high correlation
(r2 = 0.9545) with the measurements from the
RAMA Oceanographic Buoy (Fig.5). The SST
from the NOAA high resolution satellite could
therefore be used to reflect the SST in the central
of the Bay of Bengal over the last decade as shown
in Figure 6. This Figure shows high inter-annual
variations of SST in the central of Bay of Bengal.
High SSTs occurred during 2003 to 2005 and there

were reports of coral bleaching in some specific
areas of the Andaman Sea (Rajasuriya et al., 2004;
Krishnan et al., 2011; Phongsuwan and Chansang
– this volume). The highest SST with the longest
duration occurred in 2010, with resultant very
severe coral bleaching.
CONCLUSIONS
The annual cycle of SST in the central
Bay of Bengal normally exhibits a bimodal pattern.
The first and highest SST peak occurs in AprilMay, which coincides with the Indian Ocean
summer monsoon onset. The second lower peak
is in October. The coral bleaching events along
the Andaman Sea coast of Thailand occur in April
and May, implying a close relationship between
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the SST annual cycle and coral bleaching. From
March to early June in 2010, SST in the central
BoB and Andaman Sea reached its highest for a
decade (about 32°C), and is believed to have been
the main cause of the very severe mass coral
bleaching recorded in the Andaman Sea. Since SST
measurements in coastal waters are consistent with
the data from the oceanographic RAMA buoy, as
well as the NOAA high resolution satellite data,
the buoy data in the central BoB and satellite data
at a larger scale are valuable tools in defining the
SST anomalies in the Andaman Sea. The satellite
data showed high inter-annual variations of SST
in both the BoB and Andaman Sea. This monitoring
information can assist in the early warning of coral
bleaching events. The large scale SST variation in
the BoB and Andaman Sea is the result of complex
local air-sea interactions, with likely impacts from

other large scale processes such as the Indian
Ocean Dipole and El Nino.
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