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A Study on Mechanism of Hypoxic Water Formation
in the Northern Part of Isahaya Bay during Summer Season

Nagasaki University, Graduate School of Engineering
KIM SANGYEOB

Ariake sea is an important place for fisheries and laver culture in Japan. After the construction of
sea dyke under the National Reclamation Project in Isahaya Bay, public concern on the
environmental problems in Ariake Sea has arisen. Recently, hypoxic water is occurring from density
stratification in the northern part of Isahaya Bay during summer season. Especially, when the
hypoxic water was occurred in sea bottom layer, it has caused enormous damage to the fishing
industry, such as mortality of shellfishes. However, the mechanism of hypoxic water formation in the
northern part of Isahaya Bay during summer season has not understood yet. In this study, based on
the result of water quality and tidal current data which were carried out in Isahaya Bay, it was
discussed the relationship between behavior of hypoxic water and the water quality dynamics & flow
characteristics. Also, the correlation between density stratification and hypoxic water was examined.
In addition, the mechanism of the prosperity and decline of hypoxic water was found by using
numerical simulations. The structure and content of this study is as follows.

In Chapter 1, this study’s background and purpose are introduced.

In Chapter 2, in order to clarify the relationship between dissolved oxygen (DO) in the bottom layer
and the density stratification, careful examination was carried out using results of long-term water
guality observation data, at the end of rainy season in summer from 2008 to 2015. A multiple
regression analysis was conducted using DO in the bottom layer and water quality data. The results
indicated that DO in the bottom layer had a negative correlation with water temperature (difference
between surface layer and bottom layer), salinity (difference between bottom layer and surface
layer), and surface layer chlorophyll-a (data collected 12 hours before DO). Especially, the analysis
revealed that the influence of the water temperature was the greatest factor in the variation of DO in
the bottom layer.

In Chapter 3, the correlation between the hypoxic water occurring and the flow characteristics was
examined using flow and DO observation data. As a result, hypoxic water in the northern part of
Isahaya Bay originated from low concentration value of DO that water flowed via the mouth of

Isahaya Bay during flood tide.




Thereafter, the hypoxic water which was occurred in the northern part of Isahaya Bay was transported
back to the mouth of Isahaya Bay during ebb tide. Especially, if the thermocline layer was formed in
the vicinity of the seabed on the mouth of Isahaya Bay, it resulted in the acceleration of hypoxia in
bottom layer. This acceleration of hypoxia occurred because the volume between the seabed and the
thermocline reduced, which resulted in the consumption of oxygen in the bottom layer.

In Chapter 4, in order to clarify the correlation between the mechanism of salinity stratification
formation and wind and flow discharge from the Chikugo River, statistical analysis was implemented.
The results indicated that fresh water originating from the Chikugo River directly flowed into the
northern part of Isahaya Bay via the western coast of Ariake Sea except when the southerly wind blew.

In order to have a better understanding on the relationship among surface layer’s salinity and wind or a

flow discharge from the Chikugo River, statistical analysis was implemented. The statistical result
indicated that surface layer’s salinity at Observation Tower B4 tends to be less than the average when
the amount of flow discharge before 72 hours from the Chikugo River was more than150m?/s.

In Chapter 5, the mechanism of the prosperity and decline of hypoxic water was found by using
numerical simulations. As a result, in the northern part of Isahaya Bay, the mechanism of hypoxic
water occurring was different between around the Kamachiku and the Konagai Port. Especially,
hypoxic water occurring around the Kamachiku was same as the result in Chapter 3. On the other
hand, around Konagai Port, hypoxic water occurred by reduced inflow with high concentration value
of DO via the Simabara Peninsula.

In Chapter 6 summarizes the conclusions of this study based on the results obtained in each
chapter. The hypoxic water in the northern part of Isahaya Bay tends to occur during the neap tide on
summer. On the other hand, it tends to disappear during the spring tide. In particular, not only a
review by the observation data but also a consideration by the numerical simulation results, it is
confirmed that the hypoxic water in the northern part of Isahaya Bay was originated from low
concentration value of DO water flowed via the mouth of Isahaya Bay during flood tide on ebb tide.
Furthermore, the low concentration value of DO in the mouth of Isahaya Bay was occurred by

thermocline layer of the vicinity of the bottom layer.
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