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The western equatorial Pacific is potential for the Hot Event (HE) study since the previous study
showed that among the equatorial regions, most of HEs occurred in this area. Moreover, it is also known
as an important area for oceanography and climatology since the warmest equatorial pool, which is
responsible to transport heat and water vapor to the higher latitude is located in this area. Therefore, the
investigation of HE in the western equatorial Pacific can give a better understanding of their characteristics
and mechanisms as well as their interactions with the Pacific warm pool.

Chapter 1 introduces the research backgrounds of the high SST in the western equatorial Pacific
and the summary of the previous HE study. The previous studies on the high SST in the western equatorial
Pacific were mainly focused on the seasonal, intraseasonal, and interannual variations. HE phenomena
correspond to the occurrence of very high SST (>30°C) with a short time scale (< a month). These
phenomena are sensitive to the measurements bias/errors and sparsely occur because of their requirement
on the particular mechanisms for their formation. Therefore, the appropriate dataset and method are needed
to capture their occurrence. The previous studies of HE used the optimally interpolated daily SST data with
a spatial resolution of 0.1° x 0.1° merging the infrared and microwave satellite SSTs to detect HEs. They
also developed a method called the time-dependent threshold, a SST threshold which follows the interanual
variation of SST in the equatorial oceans. They found 31 HE cases during 10 years observation in the
equatorial region which were generated by the condition of high solar radiation and low wind speed. In
some cases the high solar radiation generated during the HE occurrence is associated with a sub-surface
high SST anomaly during El Nitio event controlled by the “remote convection” mechanism. However, their
studies cannot reveal the relation between HEs and the long-term SST pattern in the warm pool due to the
limited HE case numbers. This relation becomes the important issues for the present HE study. This short
period variability of SST may have the climatic consequences if accumulated and then affected the long-
term statistic pattern in the warm pool.

I examined the performance of three global SST datasets and evaluated the previous HE detection
method in Chapter 2. Three global SST datasets which have the same temporal and spatial resolution i.e.,
daily and 0.25° grid interval were examined against the SSTs obtained from the TAO/TRITON buoys in
detecting HE. After the analysis of Power Spectral Density, probability test and comparison with the
original AMSR-E snapshots, NGSST-O-Global-V2.0a was chosen for investigating HE in the western
equatorial Pacific. The two microwave sensors composing NGSST-O-Global-V2.0a, significantly improve
the observation coverage and the diurnal correction on the processing of NGSST-O-Global-V2.0a reduces
the errors arising from merging observations at different times. The method used by the previous study has
a limitation for detecting HE in the cold season. Improving new detection method which is free from
seasonal effect, | defined an HE as a connected region with a SST higher than the space-time dependent
threshold of about 30°C, with a minimum areal size of 2 x 10° km, and a duration period longer than 6 days.

Chapter 3 conducts the climatological study of HE in the western equatorial Pacific. During 9
years observation from 2003 to 2011, I found 71 HE cases which have characteristics as follows : a mean



areal size of 6.30 x 10° km?, a mean period of 18.14 days, a mean amplitude of 0.33 °C, and a mean speed
of development (decay) of 0.28 (0.31) x 10° km?/day. ~ They were distributed within the equatorial band
to subtropical Pacific (20°S to 30°N) and extended eastward to 150°W. They frequently occurred along the
northern coasts of New Guinea and the Solomon Islands, with an eastward extension to 180°E. Their
distribution also exhibited seasonal variation. The observed distribution of the HE occurrences indicates
that the HE formation is statistically related to the formation of the Pacific warm pool via the long-term
SST. Higher occurrence rates of HE correspond to higher climatological SSTs. For the HE mechanisms, |
found that although high solar radiation of more than ~200 W/m? was required, wind speeds lower than ~4
m/s become the key for the HE occurrence in the western equatorial Pacific. In areas where wind speeds are
low, latent heat loss are reduced and high SSTs occur, leading to the occurrence of HEs.

The atmospheric variability during the development and decay stage of HE is described in Chapter
4. The HE development in the western equatorial Pacific is indicated by positive anomaly of solar radiation
from its climatology while its decay is denoted by the anomaly of surface wind direction. During the
development stage, the solar radiation (wind speed) in the HE area is much more enhanced (reduced) than
during the decay stage. The theory of ‘remote convection’ is proven for the formation mechanisms of HE
occurred in the late May 2003 (i.e., HE030528). Moreover, the high solar radiation during the development
stage of HE is partly contributed by the suppressed phase of the MJO in the western equatorial Pacific. |
also found the indication of the air-sea-land interaction process which generates the strong westerly wind
during the decay of HE030528. Surface wind plays important role to influence the variability of solar
radiation during the HE occurrence by controlling the water vapor supply in the upper troposphere through
surface evaporation and surface convergence variation. Thus, surface wind becomes the key factor for the
HE occurrence in the western equatorial Pacific.

Chapter 5 focuses on the oceanic variability during the development and decay stage of HE. The
west side of the Pacific warm pool is characterized by the warm and relatively stable thermal structure.
These characteristics may become the anvil for the HE occurrence so that the highest occurrence rate of HE
is found in this area. The occurrence of HE in the western equatorial Pacific can be identified by the
trapezoidal shape of the thermal structure change in the mixed layer which is described as follows: during
the development stage, the higher temperature is accumulated at the surface layer while during the decay
stage, the temperature at the surface (deeper layer) decrease (increase). This trapezoidal shape is formed by
the heat accumulation at the surface layer under the condition of high solar radiation and low wind speed
during the development stage. During the decay stage, high latent heat loss and the transport of sensible
heat to the deeper water column occur under the condition of low solar radiation and strong wind speed.
These mechanisms may contribute to maintain the warm mixed layer in the Pacific warm pool. Since
surface winds control heat accumulation at the surface layer and heat distribution in the mixed layer by
influencing current speed, current divergence and latent heat flux, surface winds become the key factor for
the HE occurrence and the formation of the thermal structure in the Pacific warm pool.

The general conclusions and remarks are mentioned in chapter 6. Future studies of HE are directed
to investigate : 1) the mechanisms governing the characteristics of HE detected in the western equatorial
Pacific (duration, amplitude, areal size, and speed of development and decay), 2) further analysis of the
HE-MJO-tropical cyclone relationship, 3) the role of HE in governing the mixed layer temperature
variations involving all possible factors such as subduction, entrainment lateral mixing and also interannual
background, 4) the possible mechanisms of rainfall on influencing the HE occurrence and 5) the possible
effect of HEs on influencing the global climate.
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