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Spectroscopic measurement of ion upflow through Doppler shift of auroral

427.8-nm molecular nitrogen ion emission using a Fabry-Perot interferometer at Tromsoe, Norway
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Intensive observation of aurora at subauroral latitude using
an all-sky camera in Athabasca
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Development of an on—-demand FPGA-based data acquisition
system and its test observations using by Tromse Na
resonance scattering lidar
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Observation of electron precipitation associated with omega-band auroras
using a spectral riometer in Finland
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Field observations of phytoplankton dynamic in the upper gulf of Thailand for development of the
hydrodynamical-ecosystem model

Dudsadee Leenawarat,

Earth and Environmental Sciences,
Nagoya University

Research purpose

The Gulf of Thailand (GoT) is a semi enclosed sea in the western Pacific and connected to the South China
Sea. This area is one of the large marine ecosystems located in the Southeast Asia supporting fisheries for many
countries. Red tide is frequently occurred and becomes a serious problem in this region, especially in the upper GoT.
This phenomenon affects fisheries, aquaculture, and tourist places resulting in the loss of the economy and causing
other environmental problems such as hypoxia and anoxia conditions. It is still unclear which conditions are
contributed to a phytoplankton bloom. Various environmental factors such as freshwater discharge, tide, wind, and
current in each season make more complex conditions for phytoplankton bloom. Our research questions are how
phytoplankton responds to oceanographic conditions in each season and what are the conditions and mechanisms
associated with the seasonal variability of the phytoplankton in this area. To understand the mechanism of
phytoplankton variation a hydrodynamical-ecosystem model is applied. However, the data input and data validation
are limited. Therefore, we conducted the observation of the phytoplankton and environmental parameters in the upper
gulf of Thailand for developing the hydrodynamical-ecosystem model.

Observations

The observation covered 16 stations in the upper GoT from estuaries to offshore areas during 2023, dry
season (May), as well as the mid and late wet seasons (August, October). The field observations were conducted with
Assistant Professor Anukul Buranapratheprat from the Department of Aquatic Science, Faculty of Science, Burapha
University, Thailand. We collected biological properties, including chlorophyll-a, at the surface and subsurface
chlorophyll-a maxima, along with other environmental factors. After collecting the samples during the observation,
they were analyzed at Kasetsart University, Bangkok, Thailand.

Figure 1 Kasetsart 1 vessel during the observation (left) chlorophyll-a filtration (middle) and collection of
environmental factors during the observation (right).

Meanwhile, a hydrodynamical-ecosystem model was developed to investigate phytoplankton variability
and its relationship with physical processes. Nutrient-Phytoplankton-Zooplankton-Detritus (NPZD) model was
coupled with the hydrodynamic model (Princeton Ocean Model). The observation data were used as input data from
the river area and chl-a in the offshore were used to compare the model results.

327



Results

High chlorophyll-a (chl-a) concentrations were observed near the head of the upper GoT and river mouths
throughout all seasons, with a peak occurring in the late wet season. Conversely, chl-a levels near the mouth of the
upper GoT were lower. Red tide occurrences were noted, especially during the wet season. Red tide occurrences were
more frequent and expansive during the wet season compared to the dry season, likely in response to the increased
river discharge during this time.

The simulated surface chl-a results indicate that chl-a levels are predominantly high in the upper GoT,
particularly at the head of the upper GoT. However, the concentrations were higher than those observed in both
coastal and offshore areas. During the dry season, high chl-a concentrations are observed on both the east and west
coasts, with similar levels of concentration. At this time, south winds flow towards the upper GoT, promoting
thorough mixing in shallow regions, and resulting in high chl-a concentrations on both sides of the upper GoT.
Meanwhile, during the wet season, chl-a concentrations along the eastern coast are notably higher than those along
the western coast. The southwest wind dominates this region during this period, creating a clockwise circulation in
the upper GoT. Surface currents may then transport nutrients and chl-a towards the eastern part of the upper GoT. In
the late wet season, when the peak of river discharge occurs and the southwest wind weakens, chl-a levels in the
upper GoT become higher across almost the entire region, extending farther than two months prior. This variation is
closely related to monsoon winds and river discharge.

From this simulation, our model results still show an overestimation in this area, which may be attributed
to the parameters used in this study not being suitable for this region. Additionally, only one phytoplankton size was
considered. It should be noted that our model is based on the simple NPZD framework, which includes only one type
each of nutrient, phytoplankton, zooplankton, and detritus.

In the main GoT area, chl-a concentrations are significantly lower than those along the coast due to lower
nutrient levels. Offshore, nutrients are primarily transported from the coastal area or from deeper layers via mixing
processes. During the dry season, reduced discharge leads to lower nutrient levels, and strong heat creates water
stratification, which inhibits the mixing of nutrients from deeper layers. However, in the middle of the wet season,
when the southwest monsoon reaches its peak, higher chl-a concentrations are observed offshore due to increased
water mixing.

May August October mg.m

0.05

0.02
0.01

100 102 104 106 10¢ 100 102 104 106 10¢ 100 102 104 106 108

Figure 2. The simulated surface chlorophyll-a in the Gulf of Thailand during dry season (May) and
middle of wet season (August) and late of wet season (October) and the observation data (point).

For our future study, we aim to improve the model parameters and investigate the interannual variability as
well as the impact of climate change and large-scale phenomena on primary productivity within this region.

Presentation

Leenawarat D., Tong-u-dom S., Buranapratheprat A., Aiki H. & Ishizaka J. Phytoplankton Dynamics in the
Gulf of Thailand: A Coupled POM-NPZD Model Approach. In 11th AWOC / 20th KIWOC / 6th ISEE Symposium,
Nagoya, Japan 17 — 19 December 2023
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Validating and calibrating satellite-based observations of red tides in the Gulf of Thailand
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Background and Purpose

+ Research Institute for Global Change

Satellite Ocean Color observations have enhanced our ability to monitor red tides” of harmful algal blooms in remote

coastal waters. However, the reliability of satellite observations is required to validate in coastal waters due to the increase in

turbidity and the challenge of atmospheric correction. The objective of this research is to observe bio-optical characteristics

of the seawater in order to verify and adjust our newly developed algorithms for classifying algal blooms and detecting red

tides using satellite data.
Status

Between 2017 and 2019, our project received funding
support from the ISEE program, enabling the
development of local chlorophyll-a (chl-a) and algal
bloom classification algorithms for Aqua/MODIS
and GCOM-C/SGLI satellites (Luang-on et al., 2022,
2023). In FY2023, leveraging this support, we
conducted ship observations in the upper Gulf of
Thailand (GoT), deploying 16 stations aboard the
research vessel 'Kasetsart 1'. Collaborating
institutions, including Nagoya University, Ehime
University, Yokohama National University, Burapha
University, and Kasetsart University, participated in
the observations from May to November (Figure 1).
We collected hyperspectral remote sensing
reflectance data using RAMSES radiometers and chl-
a concentrations onboard, analyzed immediately at
Kasetsart University's laboratory in Bangkok.
Additional bio-optical data, such as phytoplankton
pigments and absorption coefficients, were collected
for analysis in Japanese laboratories. The collected
FY2023 data complemented earlier observations,
facilitating the validation and enhancement of both
standard satellite algorithms and our local algorithms
for detecting red tides, particularly green Noctiluca
blooms. Findings from our research have been
disseminated through presentations at international
conferences during FY2023.

Sampling stations 16 stations (B)
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Figure 1. Photos of sampling stations in the upper GoT (A),
research vessel ‘Kasetsart I’ (B), equipment for seawater
filtration (C), filtered GF/F filter with green Noctiluca cells (D),
and measurement of water leaving radiance at just above the sea
surface (E).
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Results

In 2023, the Gulf of Thailand (GoT) experienced an unprecedented succession of green Noctiluca blooms persisting
for over three months. Leveraging our local algal-bloom classification algorithm, we detected the bloom offshore prior to the
official red tide report along the eastern coast in July (Figure 2). Our on-site observations consistently validated the efficacy
of our MODIS algal-bloom classification algorithm. Concurrently, through rigorous validation efforts, we successfully
refined local empirical algorithms for the GCOM-C/SGLI data, significantly enhancing satellite-based chlorophyll-a
estimation (Figures 3a—b). Our analysis, supported by comprehensive datasets, played a pivotal role in this achievement.
These advancements were showcased at the 2023 International Ocean Color Science Meeting in Florida, USA. Furthermore,
we have recently developed an empirical algorithm tailored for classifying algal blooms using SGLI data. Local reports
corroborate the presence of green Noctiluca blooms and other algal blooms on our SGLI algal-bloom classification data,
demonstrating the validity of our algal bloom classification algorithm. We presented monthly composites of GCOM-C/SGLI
data that identified green Noctiluca blooms (Figure 3c) at the Ocean Science Meeting 2024 in New Orleans, USA. These
findings showed how these blooms changed over the course of 2023 in the upper GoT.
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Figure 2. Daily MODIS data processed using the local algal-bloom classification algorithm.
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Figure 3. Daily GCOM-C/SGLI data processed using the standard (A) and local (B) chl-a algorithms and the monthly
composite of green Noctiluca bloom pixels in August processed using the local algal-bloom classification (C). Squares and
stars indicate areas and reported locations of green Noctiluca blooms.
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